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DAYBREAK

A wind came up out of tlie gca

And said, " O mists, make room for me I"

It hailed tlie ships, and cried, " Sail on.

Ye mariners, the night is gone.''

And hurried landward far away.

Crying, <' Awake I it is the day,"

It said unto the forest, " Shout I

Hang all your leafy banners out 1"

It touched tlie wood-bird's folded'wing.

And said, " bird, awake and sing 1"

And o'er the farms, " chanticleer,

Your clarion blow ; tlie day is near I"

It whispered to the fields of corn,

" Bow down, and hail the coming morn 1"

It shouted through the belfry-tower,

" Awake, bell I proclaim the hour."

It crossed the churchyard with a sigh,

And said, " Not yet! in quiet lie."

H. W. Longfellow.
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LIGHT.

It luis been nIiowii in tlio earlier piii1 o( this work

thill th«' iiiiiiular velocity of n i)hiii('t is in siiii[»h! in-

xovne proportion to llie distance oC that planet from the

MHi
; and it, therefoi'e, follows that the distance is in-

versely proportional to the anynlar velocity. Herein,

assnniinir that the correct (listance of the earth from the

snn has been obtained and that tiie synodic periods of

t.heplan(!fs have beencorrectly observed, wehave asimpl<>

and reliable means wlieiu'by to compute the distance o/

any given planet trom the snn.

To iipjdy tiiis method (o tiie (iMe of the planet Venus
we liavt^

'i'he distance of the eartli fi'om
\

the snn
J

The synodic, period, namely,
|

the time ascertained by ob-
j

servation to elapse from one
conjunction t(»the next siii/i-

)') million miles.

>^4 davs.

lay 'onj unction

Since the earth reipiires :'{(»•"> days to coinphn • one

revolution, oi", in otlier words, to revolve through ''0''

of orbit; /SSi days will represent a revolution through

''I'tiV of orbit. The question, in the lirst j»l;ice, is, there-

lore, how many degrees of orbital revolution ot \'eiins

are re2»resented by the same period ol lime. Since the

orbit of A'enus is within that of the earth, its angular

velocity nmst be greater, and, therefore, in the time re-

(jnired by the earth to complete a revolution, more than

a complete I'evolution will have l)een made by Venus.

But, as the distance of Venus from the sun is known to

be certainly greater than half that of the earth, the

}>lanet'is angular \ elocity will be less than two revolutions

I
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to uii(> ul' rlio t'iirtli. Let lis, tliorolbn', in the lirst in-

stmict', iissiiine that the proportioinimy be 1^ ivvolution.s

of tlie planet to 1 i-evohiiion of the eaith.

We Uu'ii ol»taiii :

—

I revolution of earth - :>()()" e((iiiils I .] n>voliition

of \'eniis - .5-10'

J " '' ^' --= IbU" e(|iials :} revolution

Iteniainder of siyno-
^

of \'eniis = :>70'

(lie revolution ot~ r.^ 0(1" e(|iinls j)rop()rtion

earth S of Venus -- ") r

•j/G" 804'

l^it for eonjtuu'tion to take place, the ininiher of dc^-

•jrrees nieasiiriiis; from the eompletion of the circle (revo-

Intion) ))y eacii of the two bodies (earth and Veinis),

iiinsr correspond; and oil comparison we have a ditl'er-

^'iice, atter deducting I revolution of the earth, and two

revohiti(tiis ot" A'eiins, of 7 2'\

Thus:— ")7()— :l(i(» - -J HI

^()J— 7-,M) - Ml

('()nsf(|iH'iitiy the vehx-ity thus ;iU I'ihiited to tiie plane!

is niTJiei' less than ihcactnal velocity; ihe (|iiaiirity bv

which ir is less, is readily obtainahle -'iid uives (lA l i,);
|

/.c., I ,^ : I as tli<' correct proporliou :

—

KAurii. \'i;m s.

J revoln. -^ -miO'- (Mpials I
^' revohi.

A do ls(r e(|iials ^^^ d

Kemanider ot } .,< i

1-
^ i

~ '><>" eona s
.Nynodic revol. )

'
do

'niV

Showiim- that nf this point conjunction would a<j;ain take

])lace. Now, siiKe the distance is inverselv as the aii"n-
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Jar velocity, we liuvo only to tfiko tlie disf, iiifcoftheojirth
iiiid to invert tlie i)rti]»ortioii in order tu obtiiiii the dis-

tirijce of the planet lro;n the sun.

Asli di.stance ol eartli

Thi

•lee ofphmet,

i.s

(i.r.) As {).5,00().()()0 miles is to o8,4()l. o-K) miles

—

whieh is, thereHnv. the distance of the [danet from tli

m\i (supposing the estimated (hstance of tiie eartli from
the sun to be correct.)

J]ut, OH referring to J.anhier's Astronomy, we find tlu

distance yiven is

about C.s.i millions of mUes.
a dillerence, therefore, olMO millions of mil • 'S,

Lanlncr's Astroimuij— The rUind Vvniis.

•JG70. '' The sijiwi/k pfylod, ascei'tained by observat ion,

)S4 d lysi.

ili)l-2. Disfdj/rc bij ijrcii/rs/ thiiifiatloii.—The mean
amount of greatest elongation of Venus being found,
by observation, to be about 4-3« or 4(1", it ibllows
that, in that position, lines drawn to tjie earth, and seen

from the planet, would form tiio sides of

which the earth's distance from the sun is the diaironal

\\\ therefore, the earth's (Hsta

that of Venus would lie 0-7 07 I

a s(piare, o(

nee be expressed by I'OOOO,

ii(i70. Bij the hannon'c laiv.—If r express tl le mean
distance of the planet from the sun, we 1lave

>•' ^ o-o i^ = 0.7 ] !i
. Therefore r = 0-7 I ;

and since the mean disi.inrc of t!ie earth is Oo millions of

miles, we shall have

/•'-!)-3,000,000 X 0-7I9-OS,:jOO,000
'

t

r.y more exact methods the distance is found to be
^iS^ millions of mil es.
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!i2()7 4. • JJriiii and extreme (list<mees from the Earth.—
Its distances from the earth at inferior conjunction,

jureatest elongation, and superior conjunction are there-

tore :

—

'2C},QoO,000 niiU^s at inf. conj.

()•'), OOOjOOO miles at greatest elong.

I ()3,750,000 miles at super, conj.

TJie eccentricity of the orbit of Venus being less than

0.007, these distances are subject to very little variation

fi'om that cause.

*' The (^xtrenie distance of the jdanet from the sun

will be (»&^ -I O.l =()8i millions of miles in perihelion,

C.S? -I 0^ = 00.1 '' " '' " aphelion.

These distances of the planet from the eartii are subject.

tluM'efore, to an increase and diminution, amounting to

half a million of miles, due to the eccentricity of the

jdanet's orbit, and one and a half nn'Uion of miles due to

that of the earth's orbit.

'2G75. Scale of the orbit rrJatirc to thcJ of the earth.—
Tlie relation of the orbit of

A'enustothe earth is represen-

ted ill Fig. 7-50, wliere S. E.

represents the earth's distance

from the sun, and r. S. v. the

luean diameter of the planet's

orbit on the same scale. The
iUiglesS.E. V." re}>reseiit the

greatesi" elongation of the

planet, which is about 40".

Tiie lesser elongations (.'."'7i.>S'.

are those at which the planet

appears with less than a full

(Use, or gibbous, as at v.'", or
as a crescent, as at v.'

267(>. Apparent motion.—Hhica the mean value of the
greatest elongation is asceitained to be 4(»», the angle at

'^

^'\^?©7 "'/

Fig. 750.
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•Hlic sun c" /S'. i\ - 44", and consequently the angle

V." S.v." included between the greatest elongation east and

west is SS". Since the time taken by the planet to gain

this angle upon the earth bears the same ratio to tlit-

synodic period as this angle bears to 'ii)0% the intervals

into which the synodic period is divided by the epochs

of greatest elongation, are

ss

;jOO
X:5S4 = 142-8 davs.

^XoS4 = 441-2 days.

The intervals between inferior conjunction and greatest

elongation are therefore 7U days, and the intervals be-

tween superior conjunction and greatest elongation are

•220i days.

2GS0. Apparent diameter.—Owing to the great dit-

ference between its distance from the earth at inferior

and superior conjunctions, the apparent diameter of this

planet varies in magnitude within wide hmits. At svj^;^.

rior conjunction \i \: ^luy iO°, from which to inferiM»r

conjunction it gradually enlarges until it becomes (J2",

and in some positions even so much as 70". At its

t'l-eatest elongation its apparent diameter is about 2-3"

and its mean distance 1()A".''

The nu'thod ot computing tlie distance from the

greatest elongation is untpiestionably correct in principle

and will necessarily give a correct result, if the cir-

cumstances of tlie case permit the application of the

method to be made with a sutHcient degree of accuracy.

As soon as it is understood that the angle at the sun is

the complement of the angle at the earth (together equal

to 90 ),and that, coiise([uently, if the one is supposed to

be 40 or 47 inst«>ad of 45 ,
the other will be only 41'

or 4:3 instead of 4o , it becomes apparent that, any error

in the observation of the angle being thus duplicated, a
"
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r

coi.sideriiblt^ degree of necunicy is requi.sito to obtain
even a voii.uli iipproximation. To iii)proci{ite tlie difliculty
(if not tlieiiiipnicticid)ility) of making siicli measurement
accurately by terresti-ial observation, it is only necessary
to remember the double or compound motion, viz., the
diin-nal rotation and the orbital revolution, of the earth,
wiiicli is the station from wliich the observation lias to
be made. We therefore conclude that this method
cannot, of itself inspire any confidence in the quantity (or
(juantities) which may result from its ai)plication.

1Mie (so-called) (Harmonic Law) is based and depen-
<lent upon Kepler's third law ' oi' the proportion of the
squares of the periods to the cubes of the distances.'
Now this third law of Kepler's is dependent upon New-
ton's ' theory ofgravitation ' and the ' law ofequable areas.'
IJiit both Newton's theory of 'gravitation' and tliat of
' equable

'
areas are now demonstrated to be unsound and

i!ie no longer tenable (Lecture, pages 39, O^, 77)* • con-
se<juently the Harmonic Law is itself without support.

tiiVi'ii
.^'i".>« HO longer scientifically considered to furnish

(111. . -,

support or reliable evldeiicer"""" '" -—-

We find that the distance thus given by Lardner nas

lieen also adopted by otlier astronomers, and is, at the

present time, considered to be the established distance ol

the planet Venus from the sun.

JlersclicVs Outlbhs of Asfronoiiii/.

(407.) '' ^Mercury never attains a greater angular

distance I'roin the sun tlian about :.'!), while ^''enus

extends ber excursions on eitlun' side to about 47 .

When they have receded from the sun, east/card, to their

respective distances, they remain for a time, as it were,

immovable ivitli rcspcd to If ; and are carried along with it

in the ecliptic with a motion e(|ual to its own ; but pre-
"

' Wp state, ill the inn'^l deciilcil inuiiner, lliat tlio ilenioiislrationt

givi'ii bv us, as ti) tiiounsoniiiliie-^H nf tlio,-<t' tlicories, ai'cal)soliitc,'aiiil

cannot lie scieiitilieallv iinpiiiriK'i.l,



•JllE I'LAXKT VKNl'S. Uo

"seiitly tlit'y begin to approach it, or, which comes to the

saiiie,their motion ill longitude diminishes and the sun gains

upon them. As thisapproach goes on, tlieir continuance

above the hori/.on alter sunset becomes daily siiorter, till

at length the\' set before the darkness has become suHi-

cient to allow of their being seen. For a time, theu,

iliey are not seen, unless on very rare occasions, when
they are to be obsei'ved passhxj acroa.i the sun's disc, as

small, round, well-delined black spots, totally diHi'rent in

appearance I'rom the solar spots. (Art. USii.)

These phenomena are emphatically caUed tnwsifs {,)[

the respective planets across the sun, and take place when
tlie earth happens to be passing the line of the nodes

while they are in that part of their orbits, just as in the

account we have given (Art. 41 •,^) of a solar eclijtse.

After having thus continued invisible for a time, how-

ever, they begin to appear on the other side of the sun

at first showinu: themselves oidv for a few minutes bcl'ore

sunrise, and gradually longer and long«'r as tiiey recede

from him. At this time their luotion in longitude is

iii[)idly retrograde. lU'fore they attain tiieir greatest

eionmition, Ik we\('r. thev become statioiiarv in tlie liea\ -

•MS ; but tiieir recess from the sun is still maintained by

;he advance oi 'hat luminary along the ecHptic, wliicli

(•(Uitinues to lea i- them behind, until, having reversed

tln'ir moti(»n, and become again diircf, they acquire sulli-

cieiit s[K'('d to connuence (nertakiiig him—at which mo-

liieui lliey lia\'e their greatest western elongation ; and

ilinsis a kind of oscillatory nu)vement ke]»t up, while

tiu' ueneral advance alonu' the ecliptic uoes oil."

(
\i>^.) '• Sui)posc J\\>. to be the eliptic, and AJi.C.l).

(he orbit, of one of these planets (for instance, ]\Iercury,)

seen almost edgewise \>y an eyt; situated very nearly in

its plane ; >S'., the sun, its centre; and A. B. C. 7)., suc-

cessi\e positions of the planet, of which 7;. and 7>. are''
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<' ill tlie nodes. If, then, the sun, *S'., stood iipparontly

still in the ecliptic, the planets wouhl simply appear to

oscillate backwards and forwards from A. to (\, alter-

nately passing before and behind the sun; and, if the

eye happened to lie exactly in the plane of the orbit,

franslttiny his disc in the former case, and being covered

by it in tiie latter. lUit as the sun is not so stationary, but

apparently carried along tlie ecliptic P. Q.; let it be sup-

posed to move over the spaces, S.T., T.U., U.V., while

the ])lanet in each case executes one fpiarter of its period.

Then will its orbit be ai)parently carried along with the

sun into the successive positions represented in the

lisrvuv : and while its real motion round the sun brings

it into the respective points IJ. C. 1). A., its apparent

movement in the heavens will seem to have been along

the wavy or zigzag line ^1. ^\^, ][. K In this, its motion

in longitud(^ will liave been direct in tlie par^s A.N., X.If.,

and retrograde in the parts. If. n. K.; while at the turns

of the ziuza<r, as at i/., it will have been stationarv.

(4G!).) The only two planets—^Mercury and Venus

—

whose revolutions are such as above described, are called

inferior planets; their points of farthest recess from the

sun are called (as above) t\\{i'n- fjrcatcst eastern and western

cloi)(/ations ; and their points of nearest approach to it,

tlieir i}>/crior and .5^'^irr<(»' conj mictions, the former wiien

the planet passes between the earth and the sun, the

latter when behind the sun.

(170). Ill Alt. 407, we have traced the apparent path

of an inferior planet, by considering its orbit in section,

or as viewed from a point in the plane of the ecliptic.'''

Si
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•'Let us now coiiteinplate it i>>. plane, ov as viewed from

a station above that piano, arid

projected on it. Suppose, then S.

to represent the sun, a. h. c. tl.

the orbit of Mercury, and A. B.

('. 1). a part of that of t^e eartii,

tiie direction of the circulation

being tlie sanu! in botli, viz., tiiat

of the arrow. AVhen tiie planet

stands at d., let tiie earth be situated at ^4., in the diro*--

tion of a tangent, a. A. to its orbit ; then it is evident that

it will api)ear at its tjrcatcst clonfjatiou from the sun,

—

The angh', <'. .4. S., wliich measures their aj)parent inter-

val as seen from A., being tlien greater than in any

other situation oi' a. uj)on its own circle.

(47 J.) Kow, this angle bc'ing known by observation,

we are iiereby furnished with a ready means of ascer-

taining, at least approximatel}', the distance of the planet

from th(! sun, or the radius of its orbit, supposed a

circle. For the trianyh^ S. A. a. is riuht-anuled

at <(. and conse([ueiitly we have S.</. : S.A, : : sin. S.

-1. a. : radius, by wiiich proportion the radii S. (t.,

;S'..4. of the two orbits are directly compared. If the

uibits were both exact circles, this would of course be a

jierfectly rigorous mode of proceeding ; but (as is proved

by the ine(piality of the resulting values of S. «. obtained

at dillerent times) this is not the case
; and it become^

necessary to adnut an eccentricity of position, and u.

d<n'iation from tlio exact circular form in botJi, orbits, t(i

account for this ditference. Neglecting, Jiowevcr, ar

present this inetiuality, a mean or average value of Sjf.

may, at least, be; obtained from tlie frequent repetition

of tills ju-ocess in all varieties of situation of the two

bodies. Tlie calculations being performed, it is concluded

that the mean distance of ]\[ercury from the sun is about

;J(),000,000 miles ; and that of Veiwis, similarly derived,"
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'* about (IS, ()()(), ()()()
;

tlic riidiiisof tlic i-artli's oi'l»it Immii"

!i'),000,()(»()."

We roiiiiirk that the angle of'givatesU'loiiuat ion, given

by Lardiier, as about lo or HT, is esiinuited by Ilerscliel

at about 47'. Tbere is no ref'erenee to tht; diHiculry of

aeeurately (letenuiuing tbe angle, but Ait. Kis, wliicb is

liere (juoted (brtliat purpose, will assist in making appa-

rent tbe (lisadvantageous cinniinstances unJei' wliicli I hi'

uieasurenient lias to be uiade.

(Quotation eontinued.

Oufliiicfi of Asfroiioiiiji.

Alt. (474.) '' Tbe circunil'ci'ences of (jircles an* in the

proportion of their radii. it', then, we calculate tbe

circuinferences of tbe orbits of 3lercury and ^'enus, and

the earrli, and compare tiiem with tlie rinu's in wliicii

their revolutions are performed, wc shall fnid that tlie

actual velocities with which tliey move in their orbits

(iirt'er greatly; that of ^Mercury being about l()!),-"J()() miles

per hour, ofVenus s(),()()(», and of the earth ()8,()4(). From
this it follows tiiat at the inferior conjunction, oi- at h.,

«'ither planet is moving in the s(ti)ir <lirectiun as the

cavtli, but with a greater \-elocity : it will, there(()re.

leave the earth Jiihiud it; and the api)ai'enl inoli(»ii ol

the planet viewed from tiieeai'th, will ))e ns //the planet

stood still, and the earth moved in a contrary dii'cction

fi'om what it really does. In this situation, then, the

a[»pai'eiit motion of tiie planet must l)e conti'ai-y to the

apparent motion of the sun : and, tiierefoi'e, retrourade.

nil the other liand, at the superior coniunctioii, tlu; real

iiiotiou of tbe ])lanet being in the ojtposiie direction to

that of the eaiili, tiie relatisc motion will be the same

as if the planet stood still, and the earth •idvanced with

their united velocities in its own proper direction. In

this situation, then, the apparent motion will be direct,

i'otb tliese results are in accordance with obs(M'\»;d fact.'*

mum
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Tlu' Art. liist (nioted coutiiiiis, nppartMitly, tlie oxpivs-
sioii of ii (very deceptive and iiiisdiit'voiis) prejudice,

whicli, in adopting the (piantities of disiance given
hy Lardner, and the inetliodis by which those finantitias

are obtained, lias been adopted along with theni. The
prejudice, which we nn<lerst,and to be expressed, is that

—when two planets (bodies) are revolving around a

common centre, the one being nearer to the centre than

the other, if the areal (actual) velocities of the two are

equal, the same relative positions of the two will be pre-

served
;

or, in othei' words, that, since both revolve with
the same velocity, if both commence the circle of revolu-

tion together, both will also terminate the circle too-ether.

and will keep in the same line I'^-iuue direction from the
centre) throughout the revolution. No donbt, anyone,
even far less highly educated than .Sir John ITerscliel,

whose mind is brought to the particular consideration ot

tlie case, will easily perceive the fallacy arising from
confounding tlu' law of angular with that of areal velocitv;

l»ut it does not follow that a highly echu-ated mind may
not entertain and be deceived by sucli a prejudice. The
words (already ([uoted) are, "Either planet is moving in

the s(t)i>e (hroction as tlie earth, but with a greater velo-

city
;

it will therefore leav<! the earth hrln't/d it, and the

apparent motion of the planet, viewed from tiie earth,

will l)e (IS ;/'tli(> planet stood sfill, and the earth moved
ill a contrary direction from what it really does." The
vrlociry liere allinled to, as stated just previously, is the

areal velocity, (.f which the estimated relative propor-
tions are given

; tiie positive statement inferentially in-

cludes the lu'gative, viz., that if the areal velocities were
e(|ual, the planet svonld not leave the earth behind it,

.tc. Now, such an inference is, in fact, (juite unsound;
for examph', suppose tlu^ one planet to be at half the dis-

tance from the centre, then, if both i^lanets move with
c<(vud ureal velocity, the one which is at only half the dis-

tance from the centr,', will move with twice the angular
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velocity, and nuike two revolutions in the interior circle,

whilst the other is making one revolution in the exterior;

and so, in like maimer, will make one complete revolu-

tion, whilst the outer planet makes a luilf revolution, or

'JO tlegrees wliilst the other makes 10 degrees; conse-

((uently the interior }>lanet, if hoth start together with

e((ualareal (actual) velocity, will inmiediately leave the

exterior planet behind it.

The observed synodic periods of the other principal

)lanetf :\ri

prmcip

780 days, .Jupiter :J!)S days, Satin-uplanets are 3iars

:j77.!) days.

From V. hich, assuming the distance of the earth from

the sun, as before, at !)'> million miles, we obtain the

following :-

Venus ...

.

Earth
^lars

.Jupiter..

.

Satm'u . . .
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|ilaiiot's oibit ; the first oi>serviitioii being iiiiulo nvIhmi

the planet is in inferior, and the second, when in superior

(•((njunction. 'J'lie precise moment of snperior conjunc-

tion can be ascertained by observing the times of tlie

[•Janet's j)osition when near to and within an ('([Uid

iinmber of degn'es of tlie sun before and after conjunc-

tion respectively. Tlie moment of inferior conjunct ion

)nay be ascertained in the same manner, but more accu-

rately and directly, in the case of Venus, by observing

the transit of the planet across the sun's disc.

These observations being correctly made, there would

necessarily be, according to tlie velocity-of-light hypo-

thesis, a ditlerence in the time of about 10 minutes

between the two synodical semi-revolutions; that is the

semi-revolution from inferior to superior conjunction

would appear to (x^cupy o minutes more thati half the

actual time, and the semi-revolution from superior to

inferior conjuction, '> minutes less tlinr. half the actual

tinu> of the synodical period.

The supposed fiicts (of observation) upon which the

velocity of liglit-hypothesis is based, and \\\w\\ wliich it

is primarily altogetlier dependent, are three. Of these,

the oldest and by far the most important (and which is,

indeed, generally looked upon as being alone the fundii-

iiiental and sin-e support of tlie theory), is licemer's

observations of the eclipses of Jupiter's satellites. AVe have

now shown, with respect to those observations, that the

ditlerence in the time, attributed to the velocity of light.

is an illusion occasioned by tlie neglect to take into con-

sideration the variation in the apparent size of tlie

Kliadow.

The second of the supposed facts is the aherration of

liflht. It has been now shown that the reasoning which

attributes the phenomena to this cause is unsound, and

t hat the aberration-theory is without actual support of

fact. It is therefore unreal.
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The tliirtl 8U[»i»ost'(l fnct is tlu' rt'siilt olft'itiiin p.\[uM"i-

iiu'uts with WlH'ar!!itoiii''.s rcHr'-iinuf iippanitns. Hut tlu;

ii'siilt of these experinuMits ns evidence on the priiiiiirv

(|iieHtioii is object ioiiabh', iiiiisiinich jis the answer to thiit

primary (piestion, viz., whether light has velocity, was

iissniiied therein; and the actual ([uestion which the

eiKjiiirer proposed thus to submit to experiment, to be

answered and determined, was—what is the quantity or

amount of the velocity ?* If it be assumed, on the con-

trary, that light has no velocity, an experiment with an

apparatus of this description similarly conducted would,

nevertheless, give an apparent velocity us the result,

according to tiie mnnber of reflectors employed ; becaust'

tiie light leaves the last retlectoi" subsecjueutly to its

leaving (he reflector next befor«' it, which, again it leavt's

sMl)se(puMitly to tiie on«; next before that, and so on ;

and, therefore, in a series of reflectors, a certain time

wotdd be occupied proportional to the number of reflec-

tors, but which would not furnish any evidence that time

was occupied in the transmission of the light from one

I'eflector to tlu^ lu'xt.t It is true the result of the experi-

ments with this iipparatus is stated to have been in close

agreement with the velocity which had been i>reviously

attributed to light; but, when we consider that such an

agreement, even if the exi)eriments were conducted with

* Thiit is to siiy, tlio lime ini,i:lii lie Dccupicd in tlie act ofrofloetion,

(Kit in tlu' ii^lit tniveliing oy inciving IVuiii tlif siirt'ace of one retleclor

to tlic siirl'uce of tin- next.

tliitliiis statiti;^ the (pu'stiun, ^<llllnlittel^ to cxijeriinent, we are,

aoeonliiig to our view, exteiidirij: ratlier tliaii lesHciiing tiie i«igniHcance

uf tiic (|iK'Stion actually Hulnnitted. The ((ucotiuii sulmiitted wa-t

Iiractieaiiy, is that amount of veioeity already estahlislied exactly

correct? The conviction (j)rejudice) in the minds of tliope submit-

ting the question being not only that a velocity was established, but

tiuit the quantity of velocity liad been ascertained either witli precision

or with a close approximation thereto. In all probability more than a

sliL'ht discrepancy in tiie result, from what it was already decided that

result must be, would have condemned the apparatus as being in

suiiic way un^uitablo for the exjieriment.
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s('riipul()"iis{»i"ornMt'oii nii«l ciin', iiiiglit \w ijnitofoitiiitous,

iiiid wlit'ii v\(' <'oiisi(l«'r, iilso, llmt". flu- cNiJu'rimoiits wvw
iiiidrrtiikfMi wirli i\ toi'ciriftiKf (•(Miclusion «ir prcjiidic*', of

so slroiiifii I'liiinicttT tlmr it iiii,<,dit hv «'all('(l n ('(nivictioii.

\i. r. jiii uiinoiiikI conviction], not only iih to a velocity

Imt also as to tiu'cstaltlisJKMl ((iianlity of that velocity, wc
cainiol allow that these exiteriinenf"', viz., with ^^'he,•lt-

slone's rellei'tinix a[>|>aratiis, standing alone and nnsMji-

ported as they now do, are entitled to l)C considered as

Inrnishinu; evident'e of value, in any degree, in regard to

the |n'iinary (|Mestion.

Sinci?, therefore, it has Ix'cn now shown that tlu;

several theories, which attrihnte a material nature to

light (meaning tlu'rehy the influence which occa»i(Uis

light), are, each of them severally, and all of them col-

lectively, inisonndand cons(M(uently untenable; and since

it has hei'U also shown that the siip[)osed liicts of obser-

vation, by which the velocity attributed to light was

considered to be established, aiv, in that sense, illusory

and do not, in fact, support such coJiclusion, wo are

thrown back ujK)n the primary (piestion

—

Is 1i<flit ma-

tcriiil ! Now, if light be iiHttt'iial in its nature, it is cer-

lain that tiinr must )>e occupicul in its transmission; and,

inverting the i)roposition, if no time is occupied in its

transmission, then it is cei'taiu that light is not of a

iiHihrldl nature. To answer the (piestion in this form

we liave the positive evidence of Koenier's observations,

((i.ilirmed l»y all later observers, of the eclipses of Jupi-

ter's siitellites. This is, perhaps, the oidy positive

(direct) e\ideuce* which can, at the present moment

' TIk'I'c i- iiin(;li ii<'i/<tllrf cviili iicc, .-uiiio ol wliicli uoluivoalln-

del 111, di' imliciUcd. Tlicorcticiil coiisiiloration.'^ arc, we opine, in tlic

|)^('^^(•nt .-iiUe ot kn<p\v Mi. it llie miml lie IVced \'\\>iu tlie prejud ICi'

Dcciisii.ncil liv the iiniliiiauiry and utiier tlieorie.*, aitogetlier opposed

til the idea nf li;rht havinj: velocity. Jf, tor example, siicli a supposi-

liou lie entertained; it immediately apj)ear-i to I'ollow tliat an inter-

ItTencc and ecinfiiJiion, oceafioned by light arriving at the ."ame time

iViini a nuiiilier of dilferent cihjecls. \vonld neee^.-ariiy talce plai
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he put before the reader as a fact demonstrated hy direct

ohservation, and as, therefore, indisputable : but it is, we
opine, entitled in itself to be considered conclusive

;

because the distance of the planet Jupiter (even assum-

ing the estimated distance now accepted by astronomers)

is so great that, as already stated, any conceivable velo-

city of a material substance omf an influence transmitted

through a material fhii<l (or any form of matter) wouht

necessarily occupy a very appreciable ((uantity of time

in travelling from that planet to the earth : so that herein

we have negative evidence corroborating the positive.

Wherefore we conclude that the evidence in fact is

buflicient to answer demonstratively the primary (ques-

tion; and the answer to that (pu^stion is accordingly

—

that the nature of light (meaning thereby the influence

v,hich occasions light) is spiritual, and not material.

Assuming that tlie coiu'hision just stated, in regard to

the primary question, is sound ; let us now see what

secondary conclusions of an important character will

follow as corollaries or consequents thereto.

For this purpose it will be convenient to take })liysi-

cal science, or that division of physical science, to whicii

tlie phenomena of ligiit and sound belong, and to ptit

these conclusions in the form of a brief generalization,

making use of such of the recorded fiicts, and a r)art ofsuch

of the common knowledge belonging to the subject, as

nuiy be considered to be certified by science at the pre-

sent time.

I



The Physical Forces ov Natural Science.

Force is that wliicli causos a olmngo in tlie coiulition

of matter, oveivomiiiijf a resistance (antagonisHi or oppo-
sition)

; wliicli rcsis/ancc is ecjual in aiuonnt to the qiKiii-

itji of force exerted.

Force is known to iis as manifested in several fonns

i>r conditions (or nio(h's\ ditlering from eacli other and

iiaving its active energy in each condition controUed hy
definite and distinct ! iws, whicli have ))een more or

less investigated and ;i.\' in some nu'asnre known to ns.

'rii(> several Ibrnis oi- modes of force, now known to

ns, as acting on tlie material world, and distinguished

.•ach from eacli by the definite and dillerent oflects on

matter of its manifestations in the one particular toi-m

fVom those in each of tlie other forms, are - - - -

MAXin:STATIu\ (If iM.liCI-; hN Mill, Kcn. All MATTKIi.

f

j

Electric Force,

Force ' ]\I(>tive Force.

Attractive, or (.ira-

A'itativi' Force.

Volinnetric, (Frictional)

Electricity.

Light—or (Lnminiferous-
force.)

Heat—or (( 'aloric-forc(\)

Molecular (Voltaic) Elec-

tricity.

Soimd—(Acoustic force.)

I*\nce

.MANIFKSTATIOX OV I'UIicK (iV ACliUKi: AIKI) WATTKU.

Motive Force. I
^["t';>"of material bodies.

( Mechanical etlect.

I

:;ravitafive Force. \ JJ;'<:l';"'i^'''l e»«t't.

i Weight o'- Gravit'ity

All chdnge in the material world is the result of a maiii-

f'station of fnirc The primiry or general law under

which all the forms or conditions (modes) of force are

manifested and become cognizable by us is that of sue-

cession.

K

i

IHaHBi
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The sdcccstilce manifestations oi' force, that is, its mea-

su?'emeiit by the successive effects of its •naiiifestatioiis

un matter is Iviiowu to iis as time. *

Pistancc is the recognized, collective e.\j)ressioii for tlie

M'sult of a (certain) definite nHiii))er of the successive

( tlects of tlie nianifestations (on matter) of motive force-

I'iieriiv.

Force is, iliercfore, not material l)ut i^piiilaal. Since

tlie cognition of the material world {i.e., of matter) by

the spiritual l)eing, is in ourselves a manifestation or

result oi' foree-eiienii/ acting on matter, we cannot divest

ourselves of the idea of time in cognizing matter except

in the case of a si)npte soisation, because the succes-

sive recognitions of the successive eflects is that which we
mean by the expression 'idea of time.'

But matter itself, in its simple elementary condition,

separated from Ibice, is only indirectly known to us.

Chemical science teaches us to indirectly recognise the

fiict that such simple elementary matter is existent+, but

it has not been, neither can it be, directly cognized by us

apart from its spiritual adjunct /orcr.

Therefore all the forms or varieties of com])ound

matter known to us, are compounded of (t//c sxtiritual

and the material) forc(! togetlier with (compound) matter.

And, also, by an addition to or a deduction from the

(piantity offorce contained in a particular form (variety)

' Til is may 1h> rainiliiirly illustrated liy rofcrcuce to llic ilial-jilate

of a clock, \vheix' the motion of the hour-haiul lueasiircs the succes-

nive vibrations ul the jK'ndiilum. The measurement may he read off

(eofrnized) in hours, minutes, or seconds, but it is always u measure-

ment from a definite startinjr point (zero-point), and it e.\])resses the

collective cognition of tlie successi\e \ibratioiis which lia\e taken

)ilace subsequent to that puint.

t Jiut to a.^siuiie tliat chemical evidence, as set forth in the atomic

tiieory, makes us acquainted with simjtle elementary matter separated

W-om force is, perhaps, to assume (/.f., to include the assumption) that

matter itself is piimurily a materiuljjcd (li.xed) condition or mode oi

(<:ravitati\T) fi.'i'ce.
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of iiiaitcr, the pliysicnl ('oiidition of that f'unii of (com-

pouii(l) matter iiiay inulergo a change, .aliliougli its es-

sential form as distinguished from otlier forms of (coni-

poimded) matter reniains unaltered: ... as, for examjde,

w ater, whicli by tlie addition or ileduction of that I'orm

of force known as hcuf, assumes accordingly the; C()n-

(lition of stcom or of /rr, in either of which conditions it

still remains essentially the same foi'm or vai'iety of

(compound) matter

—

viz., /rafvr, as distinguished from

all other varieties of matter.

Force in combination with matter may be considered

dormant (latent) ; the energy of the force may l)e said to

be employed (in resisting change) in preserving the ex-

istence, condition, and form of the compounded matter

;

it lias been (so to speak) Diatcrializcd, and lias become

(temporarily) a part of the compound matter ; but, if tlie

equilibrium of the compounding elements of the Itody

be disturbed by addition or interference of {oWicv) force,

the condition, or, it may be, the compounded form, of

the body must undei-go modification or decomposition,

and a certain quantity, exactly proportional to the quan-

tity of matter acted upon and changed, of foi'ce is set

free to manifest its energy as active force, by combining

with, or disturbing the conditions of, other i'orms of

matter.

Herein we have particular sources oi^ force or of mani-

festations of force-enei-gy within the material world.,

as known to us. It may be said that the souri-e ol' all

the force-energy (usually) recognized by iis as belonghig

to the material world is such a disturbance of e.vijiting

compounds or combinations, and the consequent setting

free of force previously latent or inactive, (so to speak,) in

the compound. Sidereal (solar) force may be, however

considered, as, to some extent, a possible exception*

'
It' it he assunu'il tlisit tlie ag<rre'j:ate quantity of compouml matter

ill tlu' nnivi'i'se uiidcrj;oi'$ iiicirase i.e., tliat a iiianite^tation o*
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*i.f., as, }>osyil)ly, iiii outside soiivfe ; because, althougii

there is a stroni<- |>rol)al)ility that the active or free force

thence derived is the result only of a continuous regu-

lated (material) disturbance of tlie same ciiaracter, and

that tlie sun nniy be correctly understood to act as a re-

servoir of force, continually collecting and redistributing

a regulated supply—nevertheless we cannot be (juito

vure, in the present state of knowledge, that sidereal

(solar) force may not include a more distinct manifesta-

tion of outside "f" spiritual eneruy, in which case solar

force would have have to be looked upon as the primary

source of terrestiial force ; whereas, otherwise, *i.r., as-

suming tiie sun to be the central recipient and distributor

of active force—terrestrial (or planetary) and solar mani-

Icstalions of force must be looked upon e((rui1ly as parts

of that collectisc (luiiutitv of force beloiio-iui>' to the

solar system.

("rci\li\c ciKi'.L'v ':'. L'lihiiiiullv ur iKjcii.^idiially tukiiij:' jiliico) a iuMjioi-

lidiiiui' iul'liiioii III tlu' eolli'ctivc quantity of force woulil lie, ixTliap-',

iiecessarv, and (it i- meant that) tlie sun, or other central star, iiiiiy

]><)*>ili!y he tlie '?//•«.''•//// or //;(«(C(//rt/t7// jiriniary scurceoftlie aiMitii'na!

ciuaiiiily.

'That is— [iriinai'v , in a nierelv terrestrial .-en-e.

f Nt'anlMj,' tliorrhy ... a snurce oiitsiile thiit which is kr.own to us .'13 the
juiUcj'iiil uni\i'i>e.

X
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A rt'fereiice to the record of observed facts will show
rlie close relationship of volumetric (frictionai) electriciry

iiiid light.

{Note.—It is necessary to remark that certain tlioo-

ries or assumptions have been allowed in some cases to

mingle with the recorded facts in such wise as to ne-

cessitate considerable caution; for example, the theory

or assumption of two electricities, or two kinds (varieties)

of electricity, having characteristic properties, in some

respects directly opposite in the one kind from the cor-

responding characteristic properties in the other. It was

early objected to such assumption that it was supenluous

and undemonstrated (unsupported), and a sort of com-

promise was clfected in regard to the nomenclature,

by calling the (supposed) one \s.\m\ pos'dive, and the other

iif'f/ativc electricit}'. Since that time, however, tlie ille-

gitimate influence ;iftheory has been allowed still further

to usurp the legitimate authority of science, and it seems

to be now almost forgotten that the two electricities, or

two kuids of electricity, is a mere hypothesis unsupport-

ed excepting ))y a certaiai superficial appearance of

probability which would ecpially apply to a supposition of

'coldness' being a variety or form of 'heat'; that is

to say, to an assumption of two ' heats ' or two kinds (va-

rieties of heat), in which certain of the characteristic

})roperties of the one would be the opposite to tlie cor-

responding characteristics of the otlier.)

Volumetric Electricity a\o Light.

Encydopcdia Britannlca.

Art. Electricity. Fart 1. Sect. V.

—

On the. Electric Sparh..

" Since the discovery of electric light by Otto Guerick

and Dr. Wall, the subject has attracted the particular

attention of philosophers. In exciting a glass tube, or
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ill woiking ail t'lt'ctrical innoliiiio in the dark, spark:'* mid

streams of light are clistiiictly visible ; but the plieii-

ometioii is best seen when the knnekles or a brass ball

is broiiirlit near to an electric conductor. A bright light,

<'alled the electric spark, passes from the conductor to

the knuckle or ball, and exhibits a great variety of phen-

omena, vaiying with the nature and intensity of tlie

electricity, and with the form, magnitude, distance and

nature of the bodies between which it )>asscs.

The electric spark is produced by the action of tiie

positive electricity in the conductor n[)oii tiie noutr:)!

electricity in tlie kniu-kle or ball tliat icceives the

.spark, the former decomposing the latter. When tlie

attraction between the two electricities is sulliciently

powerful to overcome the resistance of the air, the two

fluids on the knuckle recombine with a noise, accom-

panied by a brilliant spark like the forked liglitning in a

thunderstorm. This mode of discharuinu' the electricitv

of conductors is called tlie (]i.^r)i2)fivr (lisclKtrt/c, and the

distance of the bodies between wiiicli it is nia(h' iscnllcd

the sfri/iiitff difitanrc.

Exp. 1. Having screwed into a prime conductor a

brass ball about two inches in diameter, and projecting

about three inches, electrify the conductor positively,

and hold another ball near tiie first. Long ramified zig-

zag sparks will pass between the two balls, as shown in

Fig. (5, (PI. 10,) where poa. is the positively clectritied

ball, and nat. tlie one held in the iiand in a natural

state of electricity. If tlie ball on the conductor is

very small, the spark will become a faint divided Irush

of light. If the ball on the cond'ictor is electrilied

negatively, the spark will be as shown in Fig. 7, (PI. 10.)

clear, straight, and more luminous. If one of the balls is

positively, and the other negatively electrified, the

fbi-ms shown in Fig. 6, and 7, will be combined as in

Fig. 8. When, in this last experiment, the distance of the

balls is not too great, the positive zig-zag spark will strike

\\ a
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the nej^atlve stnii^ht spark about oiic-tliird of the k^ngtli

of the latter from its point, the other two-tliinlshecominu;

very hnniiioiis. 8ometiines tlu; positive sparlv strikes thi'

negative ball at a distance from the negative spark.

Exp. 2. If two conductors P. M,, Fig. f), three-fourths

of an inch in diameter, and having sjijierical ends, arc

l»laced parallel to each other, at tiie distance oftwo inches,

so as to have their ends pointing in ditlerent directions

six or eight inches asunder; tiu-n, if P. is positively

electrhied, its spark will strike tlie other conductor M. in

its natural state as in Fig. !». If J/, is electrified nega-

tively, and P. (connected with the earth, the conductor

J\f. will send the negative spark to P. as in Fig. 10 ; and

if the conductors have oppositi! electricities the positive

spark will app«>ar at one end nim the uegiitive at tlic

oti ler, as shown in F m'. U,

Ex}). 3. Upon the brass stem 1). c, Fig. I:,'; having

a fine point at c, place a brass ball .1., about three

inches radius, so that the point r. can be protruded to

any distance beyond tiu; ball, or l)e drawn within it, as

shown in tiu; figure. In this liist state tlie point pn^-

'duces no ell'cct, and the zigzag spark a[)peai's lietwecii

the balls. In i)roportion, however, as the [)oint is pro-

truded, its transmitting power is increased, and it may
be ntade to have the same efiect as any ball from the

smallest size to one three inches radius. When the point

projects to a particular distance, it acts as if no ball were

present.

Exp. 4. Hold an insulated sheet of paper at a small

distance from a positively electrified conductor, and ii

beautiful star with distinct radiations will be thrown
u[>on the paper. If the conductor is negatively electri-

cal, a cone of rays, with its base on the paper and its

apex on the conductor, will replace the star.

Exp. o. If the point of a needle is presented to a

positively electrified conductor in the dark, the point,

will be illuminated with a star; but if the conductor is
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ticijathr, tlie needle will exiiibit a pencil or brush of

litfht.*

The following experiment illustrates the eflcet of dis-

til nee on the spark.

E:qK (). Fix a sharp-pointed wire to th(> ond of the

jnime conductor, and having electrilied it positively, hold

an insulated ball of metal very near the m< tallic point
;

a succession of small and hrillianth/ ivJi/fc sparks will pass

between them. The white colour will tend to red as the

distance of the ball and the point is increased, and at a

certain distance the sharp explosions will cease, and a

feeble violet light will diverge from the extremity of the

jioint, covering with its base the nearest lialf of the

sphere.

Tiie influence of tlie foriu of the body upon the spark

which it gives is considerable. Professor Hildebrand, of

Erlang, found an obtuse cone with an angle of 5:2'' ga^e

a much more luminous spark than one witli an angle ot

30)", and he found that the parabolic rounding of tin*

summit, or slight iiierpuilities of the sniface, are par-

ticularly advantageous in the production of a strong

light. The influence of points on tlie s[)ark has been

already described. The nature of the body by which

the spark is taken exercises also an influence upon its

magnitude and its colour. Professor Hildebrand made

some interesting experiments on this subject. The

pieces of metal liad a conical form, and of the same

shape and si/e. When they were fixed in the same

manner at tlie end of an insulated conductor, the sparks

which they yielde 1 difU'red mucli in extent. The follow-

ing table exhibits the results of these experiments, the

metals at the head giving the greatest sparks :

—

Hegulusof Antimony, .Sulphuret of Copper, Lead.

Gold
"

Tin Steel.

Silver Zinc do., tempered.

Brass Iron II u

•The results of these two cxperimonts (4 anJ 5) are opposed to the theo-

ry of two distinct kinds of volumetric electricity ?
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When tlio s|»iirk is iriiilr I)y tiikiiijj it with a inotallic

body, it will, midcr tiio same circuinstaiicos, b»» violet if

taken with the finger. If the spark is taken with ice or

water, or a green phmt, its liglit will he red ; and if it is

taken with an imperfect condnctor, siu'ii as wood, the

liuht will be emitted in faint streams.

The medinm throngh which the spark is transmitted

exercises also a remarkable inllnence on its colonr and

form. A s[)ark capahh? of passing through oidy half an

inch in connnon air, will pervade six inches of the Torri-

cellian vacinnn. The apparatns nsedby Sir H. Davy toi"

examining the inllnence of a vacnmn, &C., is shown in

Fig. |:», where AJLC is a bent glass tnbe, A. the wire

for conmumicating electricity, J), the snrface of the

qnick-silver or fnsedtin for pnxbicing a vacntuii, ]>. the

tnbe to be exhansted by the stop-cock ('. after being

Idled by means of the same stop-cock when necessary

with hydrogen, and /•.'. F. the moveable tnbe connected

with the air-pninj). Sir II. Davy fonnd, that in all cases

when the nu'rcnrial vacnnm was perfect, it was per-

meable to electricity, and rendered luminous either by

the common s[)ark or the charge of a Leyden jar. The

intensity of these piienomena varied with tlu^ tempera-

ture. "When tlio tube A.li.C was very hot, the electric

light appeared on the vapour of the nu^rcnrial viicunm of

a bright green colonr, and of great density. As th(^

temperatnre diminished it lost its vividness. At CO'

below zero of Fahrenheit it was per.eptibl(» only in

considerable darkness. "When the minutest quantity of

rare air was introduced into the mercnrial vacinnn, the

colonr of the electri(i light changed from f)r<'cn to sia

f/rcen, and by increasing the quantity, to hliir. inul pnrpJi'.

At a low temperature the vacuum becamt! a mnch hetter

conductor. A vacnum above fused tin exhibited nearly

the same phenomena. At temperatures below zero the

light was yellow, and of the palest phosphorescent kind,

just visible in great darkness, and not increased by heat.
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Wlicii the vacuum was fonuod hy pniv olivo oil, -ui.l

l)y chlorid*? of antiuiony, the oloctric lij^lit througli the

vapour of tlio clilorid.^ was more brilliant than that

tiirourji the vapour of the oil; iiiul in tlie last it \v;m

more brilliant than in tl 10 vai)()ur of mercurv at common
temperature. The light was of ji pmr irhiie with th

chloride, and of a jvy/ inclining to piirjilr in the oil.

Ui)on rarefying the air liv(! hundred times in a glass

vessel JI foot long and eight inches in diameter, Mr.
Smeaton made th

the

e vessel revolve r ipidly on a lathe, a

«' til"*' excitiiig it with the palm of his hand. A
large quantity of land)eiit Hame apiieared under his hand,

rarinidlnl icitli (ill Ihr colours of tlir rdliiho/c. Though
the light was steady, every part of it was continually

changing colours.

Fn carbonic acid gas the lighi of Ihe spjirk is white

and brilliant, and in hydrogen gas it is red and faint.

When the sparks are made to pass through balls of wood
<u' ivory they are of a cr'ntisou colour. Thev arc ycU^

when taken over powdered charcoal, ureen ov(>r tin

'oir

ace .1' sil vercd icithcr aiK

con(bu't

1""1 ) e iron) im2)ei

' snr-

lecfi

ors.

The following experiments on the spark and electrical

light are both instructive and entertaining.

Kip. I.—Cover a metallic wire with silk, and form i(

into a close Hat spiral of not more than twenty-four

revolutions, with i\v?. different coils in contact. When a

considerable electric charge (of about two square feet of

coated surface) is passed through it, a vivid light resem-

bling that of an artificial fu-e-work will be seen, even 111

daylight, originating in the centre of the spines.

Kxp. -5. The hiiiiiiioii.<t jttr—shown in Fig. Ki—is ii

still more beautiful experiment. In one which is now
before us, fifty-five squares of tin foil an inch square, and

each perforated with a hole four-tenths of an inch in

xliameter, are pasted in five rows on the outside and
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V <i

Fiir. Hi.

ilisiilt'ol ii glass jiir .1.//,, V\\r. h», iilxnit •"> iiiclirs iiidiiiiu-

t'lci- iiiiil I I inches hi<;li. Tlio diiigo-

iuiIsmCiIic s((iiiiri' pit'cps !!!•(» |)lii<'e(l lio-

ii/(Hitiil and vt'itical, and tlu'ir [tnints

(ir anuic!"! iirc scpn rated l»y al)<)iit oiie-

tuelt'tli <»t' an inch. Tlie rows ol' the

tin-toil squares are similarly placed on

the inside of the jar, with this diller-

enct! only, that tlu'ir horizontal [toiids

nearly touch one another at the centres

ol the circular holes ol'the outer S(inares,

T\\v I)ra>s hall J. communicates with

tlie inside si(uares hy a wire, and

wiien it is i-harged hy the }>!'ime con-

diicior, a hundred and ten sparks will

M' he seen at once in a horizontal, and a

Inmdred and t<'n in a vertical, direction

when tlie jar is d'scharyi'd.

Krj). (1.—Take a glass cylinder three in<'hes wide and

three feet long, so fitted np thar a hrass plate may be let

down from the top of the cylinder, so as to stand at any

distance from another hrass jdate lixedat the hot torn of the

cylinder. When the cylinder is exhausted of air in the

nsual manner, and the upper plate communicates witii

the j)rime conductor, and the lower one with the ground,

a brilliant sheet of light will pass from the uppc to

the lower plate. If the distance of the plate is ton

inches, and if the charge of a Leyden jar is made to pass

from tlie one to the other, a continuous body of the most

brilliant lire will pass between them."

For the purpose of verifying and amplifying the fore-

going examples we will ;iow take...

lAinhier''s Natural Tlidosophij.

Chap. XI.—Luminous EtVects of Electricity.

( 1 SIO.) ^'Electricfluid not Jnminons.—The electric fluid
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is not liiiiiiiKtiis.* All iiisiiliilcd coiKliictor, or ii Lpydon

jiir or hiitlcry, liowi'viT stroiiuly cliJirgr'd, is iiovor luini-

iioiis HO loiii; as tliu (>l<>cti'i<; (M|iiililii-iiiiii is iiiaiiitaiiipd

iiiid tlu> lliiid coiitiiiiU'N in r*'|)os(>. Jiiif if tliisoi[uilil)riiiiii

lu' disliirbod, and ilic Iliiid move tVoni one condiu'tor

to ..iioIIrt, siK'li motion ix, '.iiidiT ct'i'tain coiiditioiis.

iittrndcd \v itii 1 uiniiioiis iMH'iionH'na.

( I
'^

I I .)
*' Conditions /Hitler ir/iirli Lli/Jif is dn'ilojirdlnf an

Elrrtric Ciirn'Hi.—Oiirol'tlM' conditions nccessarv to the

dovt'loimient of light liy tlit' motion of thf electric llnid

is, tluit till' electricity slioiild have a certain intensity. It

tiie conductor of an ordinary electric maciiine whi't! in

operation he connected witli the ground l)y a tliick

metallic wire, tlie current of the llnid wliicli Hows aloiiir

the wire to the ground will not be sensibly luminous;

but il' the machine be one of great jiower, siicli for

exaiiijile as the Taylerian maciiine of Haarlem, an iron

wire ()0 or 70 feet long communicating with the ground

i'lid conducting tlie current vill l)e surrounded by a

liriliiant light, 'i'he intehsity of tlie electricity neces-

sary to piodiice this eflect (le]>ends altogether on the

|>ro|)erties of tlie medium in wjiicii tlie fluid moves.

Sometimes electricity of leelile intensity produces n

strong luminous elleci, while in otlier cases electricity of

tlie greatest intensity developes no sensible degree of

figlit.

"It has been already explained that the electric fluid

with wliicli an insulated conductor is charged is retained

upon it only by the presence of tlie surrounding air.

yVccording as this pressure is increased or diminished,

tlie force necessary to enable the electricity to escape

will be increased or diminisjie<l, and in the same pro-

portion.

"When a conductor, 7?., in communication with the

•Tliis -tutciiioiii appcavs to Ke contra 'icted instoad of .supported liy

wliiit iinmodiatt'lv t'olldW.s.
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irrouud, ii])2iroacIies iiii insiilidod conductor A. chai'gcd

with electricity, rlie iintiiral electricity of 7j. will be de-

composed, the tluid of the .same name as that which

i haiiges .1. escap.iiiu' to the earth, and the Ihiid of the

ojtposite name accumulating' on tiie side of 7j. next to -1.

At the f.unv time, according to what has lieen explained

(17So\ the fluid on J. accunndates on the side next to

jj. Tliese two ii(h's of electricity of opposite kinds

rxert a I'eciprocal attraction, and nothing prevents them

irom rushing together and cc:de>cing, except the pres-

sure of the intervening air. Tiiey will coalesce, thei'e-

fore, so soon as their mutual attraction is so much

increased as to exceed the piessure of the air.

This increase of mutual attraction jnay beprochiced by

several causes. Fir.'^f, bv increasing the charge of elec-

rricity u]K)n the conductor A., for the pressure of the

tluid will be proportional to its depth or (k'nsity.*

S'-roiidlif, by diminishing the distance between A. and 7A,

*Ht'iviii mav l>e reiiiiirked tlie (pcrluips iiniiiteiitioniil) cxpri'S.-iion

ut a ooiK'luHion or prcjuilioo to tlie ftloct tliat tlic clcctrii^ iiillticiice

(I'orcf) !.•< u iiiatfriul tluid, iiiiil consists ot particles wliicli gra\ itat','.

It' tliig he Hot tlie inti'ruled iiicuiiiiiir . . • \\liy not lia\t' written

• proportional to the ipiantity' '.' Some writcis on elect rieily (lius

ii<e the term ' Hnid' (.electric-iluid) with a sort of protest tliat

inev are not to be umlerstood as deliuinL' or denotin>i; the charac-

ter of the inlhience. 'J'hey nevertheless use it ; and every one

!!< I'amiliarii^ed with the idea of an electric-//?(/(/ passim; c)r /li)irlii;f in

II current throiiirh a comluctor. 'i'hus we have an illustration ol'sonie

ol' the consequences of introducii'!^ definitions into scieiUitic nomen-

clature based on vague conjecture, 'I'he sup|)osition of the lico elec-

tiicities will not. we opine, be found to be sniijiorted by fact
;
yet it

is not in tlie exi-timr state ol'scientiiic knowledge, unreasonable, and

may be considered, tor the moment at least, tenable, and therelbre a

scientific theory. The assumption ot' thai tlnMiT i.s the existence ot

two electricities—that is, of two positi\e electricities having certain

diti'erent and t))iiiosite characteristics; and one of these twci j)ositive

electricities is called negative electricity. 'I'he other case (the mi.s-

.ise of the term • liuid ' is, liowe\er, much more seriously oi>jectioH-

able ; 'Uid the snp(iosition therein embi.xlied, if formerly considered to

belong 10 science, has bectime long since untenable, being contru-

I'licteJ by many ^.it'the no^^ well kn^wn facts pertaining totlie subject.
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for tlie jitlraotion increases in the sanie latio us tlie

s(j\iare of'that distance is (liminished; and, thirdly, by in-

creasing tlie conducting power of eitlier or both of the

bodies .1. and II., lor by that means the electric iluids,

iieing moiv free to intt\(> upon them, will accunudate

in areater (luaiititv on the sides of .1. aiul B. whicii are

invsented uiwai-ds eacli (Hhcr. Fourth Iif, by the form of

ihe bodies A. and Ji., for according to wiiat has been

already explained (1770), the lluids will accunudate on

the Sides pi'esented to each otiuM- in greater or less (juan-

lity, according as the form of those sides approaches to

that of an edge, a corner, or a point.

When the foi'co excited ])y the fluids surpasses the

vustaining force of tlie intervening air, they force their

passage through the air, and, rushing towards .each

other, cond.)ine. This movement is attended with light

and sound. A light a^ipears to be produced between

the points of the two bodies A. and B., which has been

called the clcrfric ajxirk, and this luminous phenomenon

is accompanied l»y a sharp sound like the crack of a

rhip."

(1S13.) '' Thr Klcrfri: Sparl:—The luminous

leiion called tlie electric spark does not consist

pheno-

as the

i!

V V VV V VV

Fig. 11.

nanie would imply, of a luminous point wliich moves

from the one body to the other. Strictly speaking, the

light nuuiifests no piogressive motion. It consists of a

Ihrcad of light, which for an instant seems to connect

the two bodic:-, and in general is not extended between

iheminone straight unbrttken direction, like a thread

which might be stretched tight between them, but has

a zigzag form resembling more or less the appearance of

liiihtninff.
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(LS13.) "Electric ai(jrcite.—ll'tlie part of either of the

l)o(lies A. or B. which is presented to the other have the

Ibriii of a point, the electric fhiid will escape, not in the

form of a spark, but as an aiurette or brnsh light, the

diveriiing raj's of which sometimes have the lengtli oi

two or three inches, A very feeble charge is sutlicient

to cause the esca]>e of the lliiid when the body has this

form."

(ISIi.) " The Jvi}<ithofthcs}mrl\—\U\wk\\\\ck\(-on\w

fingec or a metallic ball at the end of a rod held in the

hand l)e presented to the prime conductor of a machine

in operation, a spark will be produced, tlie length ot

which will vary with the power of the machine. By the

length of t/ic spar/: imist be mulerstood the greatest dis-

tance at which the spark can be transmitted. A very

powerful machine will so charge its prime conductor

tiiat sparks may be taken from it at the distance of

:J() inciies."

(IS 1-3.) "Discunfhutons conductors produce tuutinous ef-

ficts.—.Since the passage of the elei^tricity produces liyht

wherever the metallic continuity, or, iDore generally,

\\herever the continuity of the conducting material is

interru})ted, tliese luminous ellects may be multiplied by

so arranging tlie conductors that there shall b(^ interrup-

tions of continuity arranged in any regul.ir or desired

manner."

(i">l(').) "E.iper'nncntdl ilJustration.—If a nundjei' of

metallic beads be strung upon a thread of silk, each bead

being separated from the adjacent one by a knot on the

silk so as to break the contact, a current of electricitv

sent through them will produce a series of sparks, a sej)-

arate spark being produced lietween every two succes-

sive l)eads. liy placing one end of such a string of

beads in contact with the conchictors of the macliine, and

the other end in metallic connnunication with the ixround,

a chain of sparks can be maintained so long as (he

machine is worked."
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tlio liglit is

a reddish oi'

iis lias been

(1817.) ''Eljh't ofmreficil r//r.—When tlieelectric fluid

passes tliroiigli aii", the brilliauey and colour of the lifht

evolved depends on the density of the air. l\\ rarefied air

more ditlused and less intense, and acquires

violet colour. Its colour, however, is atfected,

just stated, by the nature of the conductors

lich the current flows. "When it issues from

lit is green, from silver red, and from tin or

from water yellow inclinin*' to oramre.

It is evident that these phenomena
supply the means of producing electri-

cal apparatus by which an infinite variety

of beautiful and striking luminous ef-

fects may be produced. When the

Fig. 1-2. electricity escapes from a metallic point

in the dark, it forms an aigrette, Fig. 12, which will con-

tinue to be visible so long as the machine is worked.

The luminous eflect of electricity on rarefied air is

y an apparatus, Fig. l:J, consisting of a glass

which can be screwed upon the plate of an

partially exhausted. The electric current

}>asses between two metallic balls attached to rods, which

slide in air-tight collars in the covers of tiie receiver h.b.'

:'.\hi!)ited b

h.br 'ceivei

.tir-punip and

It is observed that the aigrettes formed by the negative

fluid are never as long or as divergent as those funned bv
i!ie positive fluid, an effect which is worthy of attention

as indicating a distinctive character of the two fluids.'"*

• Yes
;

if wo suppose two di.-tiin't kiii'ls ol'elootricity ; biifj if (Ii.to

be only uiio, tlie explanation may Ix-tliu? .stute'l :— (^1 .) Tiic elrctricitv

(uteriiig at 6. , (liver,'es livni t!iat bull. (2.) Tlie electricity liavin'^r

been removed from the ball at b.', a:i eiiuivalent <]!iantity ii attracted

or gravitates tliej'cto.



'Clf/

V:^2 ELliCTRlCrjy AKD LIGHT.

(ISIS.) ^'Erp'fiiii nfd^ iinifd^ion of fli'' auroral licjltt.—
I'liis phoiioinJiioii m.iy l>c' exliibitoil in a still more renuiik-

ubk' iiiiiiiiior l>y iisiiii'-, iiisroiul of the receiver />.i.', a glas-s

tube two or three inches in diameter, and about thirty

inches in leniith. In tliiscase a pointed wire being fixed

to the interior of each of the caps, one is screwed upon

tlie plate of the air-juuup, while the external knobs of the

other is connected l»y a metalhc chain with the piime

conductor of the electrical nuichine. "When the machine

is worked in the dark, a succession of huninous [dieno-

nitMia will be produced in the tube, which bear so close a

resemblance to the aurora Itorealis as to suggest the most

probable origin of that nictectr. A\'hen vhe exhaustion ot

tlie tube is nearly ]K'rfect, the whole length of the tube

will exhibit a violet red light. If a small (piantity of air

be admitted, luminous Hashes will be seen to issue from

the two points attaclied to the caps. As more and more

air is admitted, the Hashes of light, which glide in a ser-

pentine ibrni down the interior ol' the tube, will become

more thin and white, until at last the electricity will

cease to be dill'used through the colunm of air, and will

appear as a glinunering light at the two points."

( I S 1 0.) ''Fliosphorrsvcitf t(fi'tt of the spark,—The electric

spark leaves upon certain imperfect conductors a trace

which coMtiniit's to lie luminous for several seconds, and

sometimes even so long as a minute alter the discharge of

the s[»aik. The colour of this species of phos[)horescence

\aries witli the substanc(>s on which it is produced. Thus

white chalk produces an tu'ange light. AVith rock crystal

the light first red turns afterwards white. .'*^uljthate ol

baryta. aml)er and loat' sugar render the light green, and

calcined oyster-jhell gives all the prismatic colours.*'

(I^'J'J.) " Klirtriv Jtijlit ahncc t!ie h((romifric colttiini.—
The eli'ctric light is (U>\»'loped in every lorm of elastic

iluidand \apour when its density is very inconsiderable.

A remarkable example oft hi sis presented in the c<Mnmou'*
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bfirometor. "Wlioii the mercurial column is agitated so as

to oscillate in tiie tube, the space in the tube
above the column becomes lunn'nous, and
is visibly so in the dark.* This phenomenon
is caused by the effect of tiie electricif

developed by the fi-iction of the mercuiy
and the ii:]."..>s upon the atmosphere of mer-

curial vj,por which fills the space above

the column in the tube."

(IS;:?:}.) " Cacc)idis/i\s chcfric haromrtcr.

—TJie electiic barometer of ( Vivendish,Fig.

II, illustrates this in a striking manner.

Two barometers are connected at the top

Fiir. If. by a curved tube, so tliat the spaces above

tlie two colunnis connnunicate with each other. AVlien

the instrument is aiiitated so as to make the colunnis

oscillate, ehn-tric liylit appears in the curved tube." *

(1S24.) '^Lnmiiions ijfccts produced hi/ i)iij)r)i'ccf con-

ductors.—The electric spark or charge transmitted by

means (if the universal discharuer and I.eyden jar or

battery through various imperfect conductors produces

lununous eflects which are instructive.

Place a small melon, citron, apple, or any similar

fruit on tiie stand of the discharger; arrange tlie wire*

so tiiat their ends are not far asunder, and the moment

when the jar is discharged the fruit becomes transparent

and luminous. ()ne or more eggs may be treated in the

same manner if a small wooden ledge be so contrived

that their ends nuiy just touch, and the spark can be

sent throuiih them all. Seiul a charge through a lump

of pipe-clay, a stick of brinjstone, or a glass of water,"

* W'e wuiiKl note tliis i-xpcriiiicnr as partii'iihirly viilualile on the

u.'^.siuniitioii tliat lu'iriii wi' liave tht- conversion of one lurni of electrio

force. ..namely, URPtiun or niechai ieiii ellect, into anctiser t'orm..,

namely, ligiit.
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'' or any coloured liquid, and the entire mass of substance

will for a sjiort time be rendered luminous. As the plios-

]»liorescent appearance induced is by no means powerfid,

it will )k^ necessary that these experiments should be

pertormed in a dark room, and, indeed, the eH'ect of the

other luminous electrical phenomena will be lieiglitened

bv darkeninur the room."

(18:27.) '' Crack'uuj noise attending electric sjxirk.—The

sound produced by the electric discharge is obviously

explained by the sudden displacement of the jmrticles of

the air, or other medium tin'ough which the electric liuid

passes.''

(Note.—It will be understood that we do not con-

sider the undulatory theory of sound to be longer ten-

able. It does not, however, follow, because air is not

the cause or origin of sound, that, therefore, air does not

conduct sound ; on the contrary, the evidence, we opine,

is conclusive that air does conduct sound . . , that is to

say, conducts that form of Force which occasions tlie

effect called sound.)

THE LUMINOUS TRAIN 01 THE COMET.

Returning now to the recpiired explanation as to the

luminous train of the comet, (see conclusion of supple-

ment C), let us again state the actual circumstances

such as we found reason, from the previous examination

of the case, to believe them to be.. . namely, circum-

stances more or less similar in character to those of the

primary condition of the earth, (Supplement C.,page 10.)

'' The spherical mass of matter in a liquid (molten or

fluid) state, occupying the central part of the body,

covered by the solid crust in an intensely heated con-

tlition, and surrounded by the vaporous and gaseous en-

velope, would give the appearance of the ' micleus ' and

the ' coma.' Now, if we suppose a quantity of free

electricity {i.e., uncombined electric-force in the form of
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volumetric electricity), belonging to the cometary-mass

of matter, to be in a state of disturbance, it is evident

from wiiat has been put before tlie reader tiiat herein

we should have a cause of a luminous appearance. Are

the circumstances, such as we have stated, favourable

to such supposition ? Cei'tainly, they are very favouralde
;

because, since free electricity is readily convertible into

that form of electric-force called ' heat,' as, for example,

wIkmi an imperfect conductor such as a wire is heated

and fused by ele<'tricity, so is free (active) heat readily

convertible into free electricity. It is also apparent that

the circumstances known to be fiivourable to the produc-

tion of free electricity in the earth's atmosphere.. .namely,

a high temperature of tiie earth, and a vaporous condition

of the air, woidd be, in the case supposed, far more eftec-

tive, in consequence of the very high temperature of tiie

solid matter of the comet and the highly vaporous con-

dition of the comet's atmosphere. What would be the

j)robable etlect of the sun's influence on a planetary mass

{i.e., a comet) in such condition f We shall now show

by reference to he observed facts that the probable

effect would l.)e to drive the free electricity to that side

of the comet opposite to the sun, where it woidd accu-

mulate, and by which accumulation of electricity, sup-

posing the quantity of it to be very great, the observed

appearances of the luminous train would be produced."

For the record of the observed facts we will refer to

tiie same two writers as before.

ELECTinCAL IXDUCTIOX.

Enctjchpcdia Brifannlm,* Chap. I, 8ec. XH. — '^ On

FAcdrical Indndton, or the dvcomposition of the eomhhml

Eledrkities hi/ ad'tous at a distance.—In the preceding

sections we have considered the phenomena of electricity

as produced by friction, and as communicated or trans-

mitted by conductors to other bodies. But it has been
"

* 8ir David Brewi-u-r.
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^* fomid tliJit olortricity iipiy ho (1«'vo1«>1)«mI in bodies l>y

tilt' mere iutluonce of an electrified body placed at a dis-

tance, and we shall now proceed to investiurate the laws

which regnlate this interesting class of phenomena.

Let A. 13., P^'ig. I (PI. 10,) be a cylindrical conductor

supported horizontally upon an insulating stand *S'. and

liaving hemispherical ends at .1. and B. Suspend from the

})oints A. B. C. D. E. F., similar pairs of pith lialls

attached to wires or linen threads, and having insulateii

it carefully by the stand S. touch it with the finger in

order to see that it contains no free electricity. Let an

electrified sphere M. be now brought near it, so I hat

A. B. 31. are in the same straight line, and that no spark

can pass from M. to B. When this has been done, it

will be observed that the })ith balls diverg«> as in the

figure, the divergency being a maximum at A. and B.

iuid equal at these points, becoming less at C. and I).

where it is also equal, and still less at E. and F., where

the equality of divergence still exists. Between E, and

F. there will be found some nontfaJ point where the pith

balls exhibit no divergence, and this point will shift its

position according to the distances of the electrified body

J/. If we now suspend an unelectrified pith ball l)y a

«ilk thread, and bring it near to dittt'rent parts of the

cylindrical conductor, we shall find that it is attracted to

it in all places except the nvutral point between E. and /''.

This neutral point is never found in the exact middle

of the cylinder between E. and F. Its position varies

with the distance of the body M. and with the intensity

of its charge. In every case, however, it is nearer to

the extremity B., next the sphere M., than the distant

extremity A.

From these experiments we are led to the important

and curious results, that an iinclfctrijicd body mny he elec-

irijii'd hy the injluencc of an elirtrijied body actiny upon it

at a distance. The electricity is in this case said to be

induced, and the phenomenon is call <d electrical induction.''^
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•' If WO now eloctrifvtho pirli hall which Wii.s .su><peii(lo<l

])y a silkon throad, utid bring it iionr to tho cylindor A. B.,

we shall find that it is idtrartrd by ouo half of tho

cylinder, from .1. for exaniplo, to the neutral [)oint

between E. and F., and rcprllrd by the other half from

B. to the same neutral [)oint.

From thiscxperiincnt wo infer that the rlrcfriclfi/ on one

half of thr ctjlindrr, from one erfrem if 1/ to the neiifml point,

is Positive, H'hile tlie ehrtrieitij in the other halfis Xef/ritire,*

Bring the electrified pith ball near the electrified body

J/., and it will be found that, if it was formerly repelled

from ^1. it will be attracted by 71/. and riee versa; so

that we conclude that the clcetriritij imhiced upon the half

of the ei/Iinders nearest tlie electrified body is always opposite

to that of the electrified body.

If we now measure the electricity of the body ]\[.

both before and after the preceding experiments, and

make allowance for the dissipation of it through the

agency of the adjacent air, we shall find that no part of

its electricity has been communicated to the cjdinder

-4. B. ; and if, while the cylinder A. B. is electrified by

the inductive influence of il/., we either remove M. to a

distance, or discharge its electricity by touching it with

the finger, the electricity of the cylinder A. B. will

instantly disappear. In like manner, ^1. B. will recover

its electrical state the moment that M. is brought near it.

Hence it follows that the positive and netjativc electrici-

ties developed in a comhtetiny body are not communicated to

it by that body, but have existed in a state of combination in

the substance of the conductor, a)idhave only been separcded

from their state of condjination by the action of the electrified

body.

As the intensity of the positive electricity, as well as

its quantity, is the same in one half of the conductor as "

* Tlie iiifLTonec is. liowevor, lascluii the liypolhe^'ls of tlie existence

of two ilistiiict ulectricities, or kiii Is of ok'ctricity.
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'' tluit nrilic itri/afin v\v('tnn\\ is in tli«' otlior lifill', iiiitl as

tliero is IK) )'ciiuiiiiiii^ or Wvo t'lt'ctricity in the cylinder

A. B. when the IkmIv M. is witiiili'iiwii, it Hdlows that \\n^

nnion or rt'('onil>iniiti()n of tlie two rlcctiicitics has nou-

tralizod or saturdted oacli other. I'ut as the two united

I'leotrieitios have not heen destro\ed hy their union, they

exist in a new state which is called the hufitral vhrtricitu

The electricity, therefore, which thus iiatur-of bod les.

ally resides in conductors, consists of ('((ual ((uantities ut

positicc ami U'^ftfirc electricity, which neiitrali/.e each

otlier's action, and are conse(|uentlyinca[)al)le of producing

any of the plienoniena of free electricity, or of a portion

of positive or neuative electricity existing in a separate

state.

With these explanations, we are now able to under-

stand how the cylinder A. JJ. is electrified by the inllu-

ence of the electriiied body M. We have closely proved,

by direct «'xperiinent, that l)odies similarly electritied

repel each other; and we liave shown in .Section X. that

this repulsion and attraction does not take place between

the material particles of the l)odies, but between their

electricities, or the electric lluids which they n-spective-

ly contain. Ilence we may enunciate the law in the Ibl-

lowing manner:

—

Similar (Ircfricitics rqxl each otlai',and

dissiitiihir chffricifies attract each other. Now, when the

sphere M., which we shall suppose to be electriiied

positively, is brought rear the cylinder A. ]!., in wliicli

the electricity exists in its natural or combined state,

it will repel all the j'ositire electricity, and attract all the

7i((/ativc electricity, overcoming the tendency which each

has to dill'use itself in virtue of tlie mutual repulsion oi its

own ])articles, and the tendency which the two opposite

electricities have to re-combine by their inutiud attrac-

tion. Ilence all the wi/aticc electricity will be attraital

to and occupy the half F. H. of the cylinder, and all

the jtositicc electricity will be rrpcJtiil^ and occupy the

remoter \vA{ E. A. U M. is negativelv electritied, the'"
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" opposite olU'cts will itc produced. Lft tlif body i)/". bo

iKivv witiidravvu, tlic ivpiilsive iiiid iittrartivc turcos

Nvliirli it oxercised upon the imtiu'id ric* tricity of .1. 7>,

will cease, and liie two rlrctricilics, separated hy its

action, will re-coiubiie by tlieir mutual attraction, as

well as by tbe nuitu;d n'i)Uisi()n of tin; piU'ticlos of each,

and tbe cylindei' ^1. Ji. will l>e restored to its natural state

of electricity.

Tbe principle of (dectrical induction wbicli we bave

now illustrated enaldes us to give a satisfactory expla-

nation of tbe pbenoniena of attraction wliicb bave

been described in Section 11. It wiis tbere sliown tbat

electrilied bodies attracted li<ibt and iinelectritied bodies

tbat were brougbt near tbem ; ))ut it will now a[)pear tluit

tbese apparently uiudectritied bodies were first electri-

fied by induction, and, in consequence of tbe decomposi-

tion of tbeir natural electricities, were attracted by tbe

excited body. Tims if .¥. (Fig. 1) is an electrified body

placed in a perfect vacuum, and .1. B. a small ligbt l)ody

suspended near If., and capalde of moving toward it,

tben A. B. will be so electrilied l)y tbe intluence of M.

tbat tbe electricity of tbe same name as tbat of M. w ill

be accunadated in tbe balf /'. B. of tbe cylinder, and tbe

otber electricity in tbe balf J-;. .1. lint tbe electricity of

M. attracts tbat of B. F. more powerfully tban it repels

tbat of /i'. A., and conserpiently tbe ligbt body A. B. will

be attracted to M. in conserpience of tbe previous decom-

position of its native electricity. If tbis decomito^dtion

cimnot be effected by j¥., or if it takes place witb ditli-

culty, tbe body ^1. B. will not be attracted, or will be

attracted less readily."

^l. Biot bas illustrated tbis position l)y tbe following

simple experiment: '' Suspend by fine silk tbreads two

small balls of equal dimensions, one of them ])eing made

of pure gum-lac, and tbe otber of gum-lac either gilt on

its surface or covered with a thin plate of tin foil. When

these two balls nre placed beside eacli other, and at a
'*
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*' sniiiU distiilict', bliliii lu'iir tlu-lii iiii rlfctiilirdtulioofi^liiM

or sj'aliiiu-wax, and it will l)o seen tiiat the i^ilt liall wilt

!)(' iiioi'o stroiiuly and easily attractt'd than tlio otluT.

Tlu> nni'oatt'd hall o\' lac will not hcain to ho attrartod

till after a CMtain tinio, wlion the decomposition ot" its

natuial i'loctricity has l»een eDec ted ; ami thus its elec-

trical state will continue at'ter the removal of the »'lec-

trical Itody."'

••In examininu' the aciion of ^^. upon J, Ji. {F]g. 1,)

wo snpposed that no ciian<>e took [dace in the '•'< ttrioiil

condition of M. ; 1 nt this is not the case, for tin; body

A. B. iis soon as its natnnil electricity has boon decom-

posed, heii'ins to react npoii ^1/. thronyh the aj^oncy of its

separated electricities. These separated electricities not

only tend by their ai tractive and repulsive forces to

chinise the distribution of tin! I'ree electricity which

exists in 3/., but also to decompose its natural electricity,

and thus to increase its free; electricity by one of the

two sepiirated electricities. When this change has been

etl'ected upon the electrical state of ^[., its action upon

A. It. will also chansi'e. It will decom^tose a new qtian-

titv of the natural electricitv of J. IJ, and distribute tin;

;itive and nesjative electricities of which it is com-

sed in the halves .1. /v., 7>. F. ; and these new portions

po;

po

will again react upon M. till a jiernianent ecpiilibriuni is

cftbcted among all the attractive and repulsive forces

which art^ thus brought into play." * * #

"If we connect A. J), with the earth, after removing it

from the sphere M. it will be found charged with an

excess of the electricity opposite to that of il/.

•• In all these expeiiments on induction, the charged

sphere JI. the inducing body, sutlers no loss of electricity

from having exercised its inductive action."

Lardno'^s yatura/ Pliilosoplii/, Chap. VIII.

(J7(i9.) ^^ Electric forces investUjaicdhy Couhmh.—It is

not enough to ascertain the principles which govern the

decomposition of the natural electricitv of bodies, and "
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•' Hio iTciprncdl iittnu'tioii ai.d repulsion oftlu' roiisHtiuMif,

llnids. It is also iiocrssjiry to (Iclcniiiiio tlic Jictiiiii

iniioiiiit ot fore*' fxcrlt'd by t'iicii tliiid in rcpt'liiiiif fluid

oi tlio like, or idtractiiiu; llnid of tlio ojipositc kind, iiiid

liow the iiitt'iisity of this iittniotiou is varied by varyiiiu;

the distance between the bodies which are invested by

the attracting or ropelliiiu tlnids.

By a series of exi>eriniental researches, which rendered

his name for ever memorable, Conlond) solved this dirti-

c'lilt and delicate prol)lem, measuring with admirable

adroitness and [M'ecision tliese mimite fon;es by means

itf liis electroscope or balance of torsion already des-

cribed (17')()*)."

r (1770.) ^' PrO(>/-})h()ie.—The electricity of whidi

yif-^ the force was to be estimated, was taken up from

the surface of the electrilied body upon a small cir-

cular disc 6'., Fijr. •")04, coated with metallic foil,

and attached to the extrennty of a delicate rod or

handle .1. 7>. of gum-lac. This disc, called a Proof-

))lt(iir, was presenred to the l>all suspended in the

Kg jo-i. electrometer of torsion (l7-3('i*), and the intensity

*(17"nj) "' Ciiuhiiiih\- Eld'tio^ropc.—Tlio elect I'oscopo of Cuiilonil),

.Kitcr kiiiiun as tiw liahince (.)!' tcirsion, is an apparatii.s still more sea-

^itive ;u\i\ ilelicate tor iiiilicatinj; the existence and intensity ot'elcc-

irical force. A neeille (/.(/. (Fij;. -H'J), fornieil of >xnin-lac, is siis-

pemleil iiy a liliro of raw silky". At one extremi-

ty it carries a small ilisk c, coated with metallic

toil, and is so Ijalanced at thejjoint of siisj)eii>^:.in,

that the neeille restin<; horizontally is free to turn

in either direction round the point of snspoii-

sion. When it turns, it produces a degree of

torsion or twist of the lihre which .suspend.^ it,

the reaction ot' which measures the force which

turns the needle. 'J'lie thread is ti.\eil at the top

to a small windlass t, \\\ which the nee<Uc can be

i-aised or lowereti, and the whole is included in a

irlass casie, to preserve the apparatus I'rom the

disturbance of the air. Upon this glass cage,

l^lr:^^!

a ^ra'li uited circle tl. (I. which measures the

m
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*' of its nttriiction or ivpulsioii Wiis nionsnrod I>y tho

iiuiiilxT ofdouTccs lliroiiiiliwliifli tlio suspciuling libre or

wire \va.s twistod l»y it.

The extronie degroo orsciisihility of this appiiratns may
bo couc(!iv<'d, when it is stated that a I'uree e([iial to tlie

'.With part ofa grain was snllicient to tnrn it through o()()

degrees: and sineethe reaction of torsion is equal to tlie

angle of torsion, the foroe neet'ssary to make tlie needle

move througli one degree would l)e only the I -i:.', 4(H)

part ofa grain. Thus tliis l)alance was lapahle of divid-

ing a foree e(|Ujd to a single grain weight into li»2,4Ui)

partis, and rendering the elfeet of each part distinctly

observable and measurable."

(1 77 J.) '' Ld/r of rlerfrit'cil force similar to tlud of f/rari-

tation.—By these researches it was established, that the

attraction ami repulsion of tiie electric lluids, lii\e the

force of gravitation, and other physij-al influences wliiclv

radiate from a centre, vary ac'ording to the common law

of the inverse square of (lie (llsfaiiee ; that is io say, thi^

attraction or repulsion exerted l)y a body cliarged with

electricity, or, to speak more correctly, by the electricity

witli which sucli a body is charged, increases in tiie same

proportion as the scpno-e of the distance from tlu' body on

which it acts is diminished, and diminishes as the s(puiiv.

of that distance is increased.

In general, if/, express the force exerted by any (|Uiin-

tity of electric fluid, positive or negative, at the unit ct

f
distance, --^^ will ex})ress the force which the same quan-

tity of the same fluid will exert at the distance 7>.

In like manner, if the (piantity of fluid taken as liie u-iir

exercise at the distance Z). the force expressed by
L

iiii>:lc tlii'ou .'liwliioli tlu' lu't'illc is ili'ilcctfi

liirl.

Ill III >{' tlu' I'ii '0

iui apci'tiiri' 0. IS iiiUilo, tliroiiL'h winch iiuiv lie iiiti'Miliui'il til

Iriticd liorly wliijso luirt.- it is disirt'il to iiidifutf iiiid iiifusure liy tin?

nii]>ai';itns.
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*' the qiiaiitlty expressed l>v 7i'. will exert at the same dis-

tance D. the force F. expressed by

These formulie have been tested by muueruas experi-

ments made under every possible sot of conditions, and

liave been found to rej>resent the phenomena witii the

greatest precision." *

1772. '' Distrlhntion of Ihr electric Jlti.id on conductors.

—The distribution of electricity upon conductors can be

deduced as a mathematical conseciuence of the laws of

attraction and repulsion which have been explained

above, condjined with the property in virtue of which

conductors give free play to these forces. The conclu-

sions thus deduced may further be verified by the Vroof-

planc and electronu'ter of torsion, by means of which the

Huid diffused upon a conductor may be (jiuycd, so that its

depth or intensity at every point may be exactly ascer-

tained ; and such depths and intensities have accordingly

been found to accord perfectly witli the results oftheory."

1773. It is confined to their surfaces.— ' Numerous

I'acts susjuest the conclusion that the electricity with

which a conductor is charged is either superficial, or very

nearly so.

If an electrified conductor be pierced with holes a little

greater than the Proof-plane (Fig. 501) to different

depths, that plane, inserted so as to touch the bottom of

these holes, will take up no electricity.

if a spheroidal metallic body A. (Fig. GOO) suspended

bv a silken thread, be electrified, and i'yo thin hollow "

•We oi)ino that tlii.< .<tatiiiicii( i? i ! wiirraiiti"! I'V tlio cin.'mn-

statices. To prevent couiplicating the case, wo will not now examine

the cxporinients alliKle.l to. (N.U.—The value of the rurniiil;o is

entirely dependent on the results ol the experiments which they i)ur-

port to represent.)
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'* It follows from iieory, iiiid it is confinncd by obser-

vation, that the depth of the fluid at A. and A', is

irreater than at U. B'. in the ratio of the lonuer axis A. A',

of the eclipse to the shorter axis B. B'. If, therefore, the

ellipsoid be very elongated, as in Fig. 500, the depth of

the fluid at the ends .1. and A', will

be proportionally greater.

(177().) ^U\f)his of C'dt/cs and points.

—If the conductor be a flat disc, the

depth ofthe fluid will increase from its

centre towards its edges. Tlie depth will, however, not

varv sensiblv near the centre, but will augment rapidlv in

approaching the edge, as represented in Fig. oOS, where

A. and B. are the edges and C. the centre of the disc, the

depth ofthe fluid being indicated by the dotted line.

Fiir. -507.

At I^B

Fig. -30S.

It is found in general that the depth of the fluid in-

creases in a rapid proportion in apj)roaching the cX^j.i'^,

corners, and extremities, whatever be the shape of the

conductor. Thus, when a circular disc or rectangular

plate has any considerable magnitude, the depth of the

electricitv is sensiblv uniform at all i)arts not contiguous

to the borders; and whuti ver be the form, whether

round or square, if only it be terminated by sharp, aimu-

lar edges, the depth will increase rapidly in approaching

them.

If a conductor be terminated, not by sharp, angular

('dues, but bv rounded sides or ends, then the distribution

will become more uniforni. Tims, if a cylindrical con-

ductor of 'XMisiderabh' diameter have hemispherical ends,

the distribution of the electricity upon it will be nearly

u'.nform ; but if its ends l)e Hat, with sharp, angular

e;lges, then a:i iccumulation ofthe fluid will be produced"
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'' c (utiguous to them. If the sides of a flat plate of suffi-

eiout tliiekiiess be rounded, the accumulation of fluid at

the edges will be diminished.

The depth of the fluid is still more augmented at cor-

ners where the increase of depth due to two or more

edges meet and are combined ; and this eft'ect is pushed

to its extreme limit if any part of a conductor have the

I'oiiu of a 2>oint.

The pressure of the surrounding air being the chief, if

not the only force, which retains the electric fluid on a

conductor, it is evident that if at the edges, corners, or

angular points, the depth be so much increased that the

elasticity of the fluid exceeds the restraining pressure of

tlie atmosphere, tlie electricity must escape, and in that

case will issue from the edge, corner, or point exactly as

a li(iuid under strong pressure would issue from a jet

(/ can,

(1777.) ^^Krpcrimciitdl illitstrafion of the effect of a

j)oint.—Let F. (Fig. 509) be a metallic point attiU'hed to

a conductor C, and let the perpendicular ». express the

thickness or density of the electric fluid at that place

;

this thickness will increase

in approaching the point

P. so as to be re})resenteil

by perpendiculars drawn

from the respective points

of the course nji'.n". to A.

1\ so that its density at

1\ will be expressed at

the perpendicidar ;/'. /'. Experience shows that in or-

dinarv states of the atmusnliere a very moderate charge

of electricitv iriven to the conductor C. will ijrodiice such

a density of the electric fluid at the point 1\ as to over-

come the pressure of the atmosphere, and to caus3 the

.spontaneous discharge of the electricity.

Tlie following experiments will serve to illustrate the

escape of electricity from points
:"

"!
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Let a iiicliillic \:u\\\t, siicli as .1. J'., (V\iS. •'>(>!>)• '"' :<t-

tacliod to a coiHliictur, and let a metallic bull of two or

three inches in diameter, lia\ iim; a hole in it correspond-

ing to the point 7'., be stuck upon the point. Jt' the

conductor be now electrified, the electricity will be dit-

f'nsed over it, and over tlie ball which bus been stuck

the itoint /'. The electrii; state of the conductori[»on

may be shown by a ([uadrant electrometer beiui; attached

to it. Let th(> ball now be drawn oil' the point 1\ by a

silk thread attached to it tor the })ui'pose, and let it be

held suspended by iliat thread. The electricity of the

conductor C. will now escape by the point J\, as will be

indicated by the elet-rrometer, but the ball suspended by

the silk thread will bi' electrilied as belbre."'

(1 778.) '^ Jiofafion jirodundhii the irfirtioi) o/poiitl.^.—
Let two wires A.Jj. and C. J)., (Fig. oiO) placed at rigiit

anglesj be supported by a cap A', upon a line point at the

top of an insulatinir stand, and let them

conmumicate bv a chain /'. with a con-

ductor kept constantly electrified by a

machine. Let each of the four arms of the

wires be tenninated by a point in a hori-

zontal dii'ection at right angles to the

wire, each point being turned in the sai lie

direction, as represented in the ligiire.

rig. -510. When the electricity comes i'roni the con-

•iliictor to the wires it will escape I'rom the wires at these

lour points respectively ; and the force with which it

leaves them will be attended with a proportionate re-

coi I,* which will cause the wire to spin rapidly on tlu

centre

• It miiy be well again to rcmimi the reaJir of iLc liypotliesis of aii

imponderable but material fluid ... a hypothesis scientifically inuJuii^ri-

ble, but which Dr. Lardncr appears to have practically accepted. Dis-

allowing that hypotlx'sisi, it does not quite follow that the eleciric force,

being spiritual, may not or might not have an action ou the particles o:

iiir such aa sterns to be liero indirectly atiribulcd to it : we oiiine. how-
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(HiiL) ''('(!ri(>iiy cjjrd cf npahinn ofpith hall.—Let a

iiictallio puiiit l»t' iiisoitod into one of the liolos of tlie

]triiuo comliiftdr, so lluit, in acronlaiice \vitli wliat has

iK't'ii (WplaiiK'tl, a jet »)f electricity may escape from it

wiien tiie coiidiietor is clectrilied. Let this jet, while

llie iiKuhine is worked, be received on the interior of a

i:lass tnmbler. Ity wliieli the surfiu-e of the irlass will

I e 'ome cliarued with electricity.

ivtr. '.liiit the c'vi If iicj i> (j liic iMSiifliciiiit to siibslaiili;itc sr.cb coii-

tlusiou. Jf ilic cir ct is ivcDil in the niiitirlal and usual fcnst', tliu tase

is one of nciioii nnd rcactiin. Evidently the air slionld Lave luotijn

iinjmrted to it. Is tlicie any evidi-'nce uf riicli tllect ? Let tlie a]p]mratii3

with its ib'.ir arm? (Fin'. MO) be iireveiited from rotating, and let it be

sliown that the ticajic or diicliarge cf electricity causes nioiiun in the

uir in ti:e oi>iiosi'c direction, /.(.. moves away liie uir from tac'i of (be

] oiiils. lai'.gi-utial'y to the eir' le.
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If a ]iuiiil)(M- of'pitli luills \w liiid upon a moliiUic [>liit«^

rominimicatinii' witli tlio ground, and tli(> tnnil)l('r Ix*

placed witli its month upon tlic ])lat('. inclndiiiir (lie balls

within it, the balls will begin imnu'diately leaping vio-

lently from the metal and striking llu^ glass, and this

action will continue till all the electricity with which the

glass was charged iiasbeen carried away.

This is explained on the same principle as tlui foruKM"

experiments. The balls are attracted by the eleclricity

of the glass, and when (dectiitied by contact, are repel-

led. They give up their el«'ctricity to the metallic ])late

from wiiicli it passes to the ground ; and this [)rocess

contiimes until no electricity remains on the glass ofsut-

licient streiiirth to attract the balls.''

( 1 71?S.) " Induction—AdUuiofEhxtrkJIif at <i (lisfaiin-.

—If a }>ody A. charged with electricity of either kintl lu'

l»rought into proximity with another body 7>. in its natu-

ral state, the fluid with which A. is surcharged will act

by attraction and repulsion on the two constituents of

the natural electricity of B. attracting that of the con-

trary, and repelling that of the same kind. This efle<;t

is precisely similar to that produced on the natural

magnetic fluid in a piece of iron when the i)ole of a mag-

net is presented to it.

If the body B. in this case \)v a non-conductor, the

electric fluid having no free mobility on its surface, its

decomposition will be resisted, and the body B. will con-

tinue iu its natural state, notwithstanding the attraction

and repulsion exercised by .1. on the constituents of its

natural electricity. But li' B., be a conductor, the fluids

iiaving freedom of motion on its surfice, the fluid similar

to that with which Jl. is charged will be repelled to the

side most distant fr(»m />'. and the contrary fluid will be

attracted to the side next to B. Between these regions,

ii neutral line will separate those parts of the body -/A

over which the two opposite liiiids are respectively

tlitlused."

I:

-VM
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(1 7:2!'.) '' JiitldcfiiDi Ihjiiicil.— 'I'liis iictioii ofiiii oleciri-

fird [Ixxly <>.\<m1(m1 nt ii <lisfjiii('(' iijK)n tlir olrctricity of

j)iioilM>i' body is called Ji/i/nrfloi/, iiiid is (nidnilly aiinlo-

uoiis lo that wliicli jtrodiiccs similar ]tln'iiom«'iia in tlu!

inagiH'tic bodies (](»:>0.)"

(l7-)0.) '' J\.rjK i-iii)(uf(d E.rhUiUioii of if.^' Klhcts.—To

vender it experiiiiontally manifest, let *S'. jnid ,S'., Fii>-.

47(>, )>e Iwo mejallic balls, sn|)]iorted on ylass j)illaiN :

and l«'t A. A', be a metallic <'ylinder similarly monnted,

whose leniith is ten or Twelve limes its diameter, an<l

whose ends ar<' vonnded into jiemisplieres. Let S, be

stronuly charired with positive, and .S". with nenati\<^

electricity, .'he <'yrmder A. A', beiiiir in its natural stale.

Let the balls .V. and S'. be })lacod near the ends of tht^

cyliMd'M' .1. A', their centi'es being- in a line with iis a\i>;,

as represented in the fii>nre.

The j>ositi\e eh'ctricity of S. will now attract ihe

jieiiative. and repel tlie positive constituent of the natural

electricity ot J. A'., so as to separate them, drawiui; llie

ncifative fluid towards tiie end A. and re]»el!in<>' the pi

tiv«' lluid towards the end A'.

>S1-

Sincethe cylinder yl. yf. is a cfMuhiclor. and therelorc

the Hui<ls have fre<!dom of motion on its surface, tliis

<lecomposition will take eflect. and the half (K A. of the

<'ylindei' next to )S'. will be charged with negative, and

the half O. A', next to S'. with ]»ositiv«' ele<'lricity.

That such is in fart the condition of A. A', may b*;

prft\ed by j)resenting a )>ith ball pendidum charged with

jM)sitiv<' electricity to either half of (he cylinder. AVhen"
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" MiosiMiU'd to 0. A', it will be rcpellfd, iiiid wlieii pi't'soiil-

t'd to 0. A, it will l)t' jittnictod.

It' the two balls S.S'. be grjidiially removed to iii»reased

but equal distauces from the ends .1, and A'., the com-

jtositiou ol' the fluids will gradually take place; and

when the balls aie altogether removed the eylinder

.1. .1'. will recover its natural state, the fluids which had

j)een separated by the action of the balls beinu com-

pletely recoudjined by their mutual attraction.

Let a nu^tallic ring k'. be sup[>orted on a rod or hook

of gla«s n., and let two pith balls h. I/, be suspended from

it by line wires, so that when hanging vertically they shall

be in contact. Let a ballot metal /•., strongly charged with

})ositive electricity, be placed over the ring u'. at a dis-

tance of eight or ten inches abt)\-e it. The presence ot

this ball will imnu'diately cause the pith balls to

repel each other, and they will diverge to increased di^

P

l6 i

tances the nearer the ball r. is brought

to the ring ii.

J If the ball /•. I>e gradually raised to

' greater distances from the ring, the balls

I), v. will grathuilly a[)pr(iach each other,

\ and will fall to their position of rest verti-

\ ca llv under tlie rinii' when tlu' oaii /th dl IS

Fiu. 17 7.

iiltouether removed, if tlie cliarut; of

electricity of the balls ,V. and S'., Fig.

47 G, or of tl le ball I V\<X. i77, be uraduallv diminished

the same etlect will be produced as when the distance is

luallv increased; and, in like mamu'r, the gradual
iirac

elect

1

ruMtv will luiv(^ the sanuthincrease of the charge of

effect as the gradual diminution of the distance from the

conductor on which the action takes jdace.

If the ring//., the balls h. //., and the connecting wire

be first feebly charged with negative electricity, and then

sul>mitted to the inductive action of tlie ball r. charged

with positive electricity, placed as ])efore al)ove the

nil VL, the foUowinir ed'ect** will eiisiu \\' HMi the hall )
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•• iip[»roii('li«'s tlu' riiii!:, tiic l>;ills h. h\ wliich j)ivvii)MjiIy

tliv<'r<(<'(l, will uradiiiilly rollapsc until tliry cniiit' iuTo

(•(HitiU't. As tlui l>iill>\ is l)i-<)iiulii still nearer to it', tlicy

will fiiraiii (liverue, and will divcriic more and more, the

nearer the hall >•. is hronifjit to tlu' rinu.

These varions elll'cts are easily and simply expru'al>le

hy the action of the eh'ctiieity of the hall r. on that of

the riii^. When it approaches the rinu\ the positive

electricity with which ii is charued decomposes the

natural electricities of the rinu', repelling the positi\'e tliiid

towards the halls. This llnid condiininu' with the neija-

tive llnid* with which the halls are charged, nentralises

it, and rednces them to their natin'id state: while this

elli'ct is liiadnally produced, the halls h. //. lose their

diveriji'uce and collapse. IJut \\ hen the hall /'. is hronuht

still nearer to the riiiu', as more ahundant decomposition

of the natural llnid is ])rodiice(l, and the positive llnid

repelled towards the halls is more than enouuli to neutra-

lise the ni'uative llnid with which they are chai'ired : and

the positive llnid prevailing, the halls auain divei'uc w it!j

jiositive electricity.

These elli'cts iire aid''d hy the attraction exerted hv

the p(tsitive el«'ctri«'ity of the hall r. on the neuati\f lluid

with which the halls l>. //. are previously eharucd.

If the electrilied hall, inst«'ad of heing placed ahove

the rinir, he placed at an e(pial distance htdow the hails

h. h'., a series t)f elli'cts will he produced in the contrarv

(uder, which the student will lind no dilHculty in analv/-

if and t'xplainiiii'. Jf the hall r, he charged witlim
neirative. It willproduce tlie same etlecls wlu'iipresentiii;

V

* ir we icjcrt the ilual-lluiil li\ |Mitlir>i j. ihc ('\|)liUi!itiiiii will ililVi':

iVulu the iiiiiivi', iiiilt^liHlcli ii-i tliiTC ••> ill tlii'ii I'l' lio iit'i:iUi\o tlilitl ti

iifiiU'jilist', 'i'lu' hiill^ havf Ui'ii, ill tin' lii^l jilaco, il('|ii'i\cil nl'iluMi

cli'ctricilv ; l)iit llio approadi nl' llu' liall r, cliaiLrt'il witli positiv.

t'ifctricity, rt'iicls tlu' eloctiicitv iVorii lliv rim; to tin- halls whicli tlni-

!ic<|iiii-iii<; their iialiiral (ii(irinal) ainnunt cl clcclricily im lon'j;i'!

ri'|,cl uarli other ami I'all I'lLri'tlui'.
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•' abovo the riiiu', ns wIhmi, hfiii'j; cliiirncd with positive

electi'i<.'ify, il is prcsi'iited Ix'low il.

Ill all ciiscs wliatover, tlio ('ondiictor whose elect riii;

I

Ktnto has l»eeii ehani:«'(I by the proximity of an oleetiilied

body returns to its primitive ehM'tricid eoiidifion when
th(^ distiirbiim' jietioii ot'siieh body is remoV(«d* ; and this

return iseitlier instantaneous or <;ra(hial."'

(I7:{|). " KlfrrfH (if Siuh/m finlmfn-c Jrfluit.— "'If

iil»[»ears, lliei'elore, that sudden and violent ehanues in

till! cleetrieal condition of a condnctinn- body inav take

place, witJKUit, either impartinu to or abstractinu' I'roi;!

^U(.'h bt^dv any portion of electricity. '1 he electricity

with which it is investetl before the inductive action con;-

nUMices, an<l after <ncii action ceases, is exactly the >,niie ;

nevertheless, the (h'composition ami lecompositiou oft hi'

constituent tluids, and tlieir motion more or less siiddci!

over it, and throuuh its dimensions are [)ro<hictive oi'teii

of mechanical ell'ects of a very remarkable kind. This is

i's[>ecially the case with im[»erfecl coiidnctois. wliicli

'>ll('r metre or less resistance to the reunion of the tluiih."'

(I7:>*.*.) •' h'.iiiiiiitlr in llif CIS'' iiffi /'n>i/.— Let a frouli.'

sus[)endcd l>y a metallic wire wliich is connected with

an insulated condin-tor, and lei a nu'lallic ball, stron.uly

chariied wit 'i [lositive elect ricity, bebrouuht under, with-

The elU'cls of mductioii

The i)ositive tluid will be

out, however, touchmi; it.

already described will ensue

I'epelled from the fnn"- t<»\vards the insidated C(jnduct(jr.

and tin? neuative tluid will be attracte(l towards ir, so

that the body of the I'roi;- will be neuatively electrllied ;

l)ut this tid\iu<»' place gradually as the elcctrifieil bal',

< attended with no sensible ctl'ect. it theil)i)roaclies
'l»l

«'lectntled ball, howe\er, be suddenly discharii'cd, by coii-

)ic«'tinur it, with the uround bv a conductor, an iiistan-"

Tl lis «tut(.'iiioiit us it >l;iiiils i iroctlv cmi (litilit-tcil bv wllUl li

ows, Art. n.'U. J5v tii.' wonl (•niiliK.-toi' lieiv it iiUHt bo uiiilcTjituu 1

l.'KVt iiliH I'd';'

I

i,'')ii'lMot:ir I- inton l.'.l.

Hi
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" tiiiu'oiis rt'\ iiNioii (»r llir clccdi*' fluids will (iiUf [diico

iK'tNVcrii ihf WimIv (»r \\iv Irotf ami tlu^ iiisiiUitt'd coiidiif-

tor, with wliidi it is ((MiiH'chMl ; tlit! [»osi(ivc fluid riisliiiig

troiii tin' coiid lotor, mid tliP iicpitivi! fluid fiom tlie frog,

to recondiinc in \iilu(' of llicii' luutiial Jittractioii. This

Kiidd«'ii niovt'iiH'iit of till' fluids will he attt'ndt'd hy ii coii-

\ ulsivc motion of the lind)sof tin* fVoii."

(I7:{:J.) " Inilntiirishoih of tliv lininan hodi/.— if a [n-r-

soM stand rlosi' to a large louductor strongly charged

with elettrieity, ho will he sensihleof a shock when thi^^

conduetor is suddenly discharged. This shock is in like

manner jiroduced hy the sudden reconiposition of the

fluids in the body of (he patient, l»y the previous induc-

tive action of the conductor.''

(I7-'j1.) ^' DcffhpiilClil ()f Klcrlriciti/ hif Jilthirfloil.—

A

<\»uductor may he charged with electricity i»y an electri-

lied body, though llie hitter ."hall n«)t lose any of its own
t'lectricity or impart any to the conductor so electrified.

i\jy this purc-ose, let the conductor to he elcctrilied he

su|»i»orted on a "lass uilhiw so as (o insiihite it, and let ilipp

then y>r connected with Ih" liroiind l»y ;' aietallic chain

or wir«'. If it he desired to cliai'.;e ii uitli positi\e elec-

tricity, let a hody stroll uh' chiiri^cd with iiegati'" ('Icitri-

city he Sronght close to it wi'hon , Micliiiig it. On iht-

principle aht ady explained, the iiegalive electricit)' of the

conduct»tr will he repelled i<i <lie jjiroi .nl tlironuh I lie

chain or wire: ami tliepo>iii\e elceliuity will, on ilie

<»tlier liand, he attracted from the uroiiiid lo the conduc-

tor. Let the chain or wire he llieii reiiio\ed, and. after-

wards, let the electrified hod\, h\ whose iiiducti\(' action

•illhe reiiio\('(ltlit^ eflect is produced, I

remain chai'ged with posiii\(' electricity
'•1

lie conductor w

It 1 iiav in iiK(!

manner l)e cliarued willi negative «'lectricil\-, l)\' tin

luctive action of a hodxUK

Incitv

ciiaige<l with po>ili\e elec-

* •>

iiif rurlhcr )iurii>'uliir'^ nliictivc Arlii

Cil-I' Ih'' O'll'lll'.-I'l ^.MIilK'L-li with till

I," .-(•(• A|i|K'llili.\.

Liri/UM'I aii'l ill''

i
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To {4>i>ly filths*' oxaniplt's to ilic caso of the coiiM't. Il

ut' coiisidi'r tli<' SUM iH tlio hody cliiirs^i'd with oU'ctiirily

Jiiid tlu! comet as ilio iii«iiliilo<l coiKliii'toi', i( ln'citiiifH

readily uiidorstood that tlie iiuhictivc [xnvci' of the sua

will caiiso the ck'ctricity <»(' tin- roiuet to acciiniMlalc oii

the side op[»owito to itself. We have already called atten-

tion to the fact that the acti(»n of heat on material hoijics

canses an elimination of electricity, or, in otiiei' word>.

that caloric force (heat) is convertihU; into tree volinn-

etric eloctricit}'. The snn's action on the comet, (causiii<i[

an increased development of free electricity on the sur-

face of the latter,) will constMiuently result in an ;n'cu-

niulation of electricity at the side of the c(»met most

remote from the sun, and which, heiuir luminous, w ill

account for the observe<I [>henomeu«tn known as tlie

luminous train. It may he remarked that when the dis-

tance from the sun again becomes greater, a part ol Ilic

free electricity may be reconverted into caloric lorcc

(heat,) and the quantity undergo decrease by its commu-

iiicatiou as ladiant lunit to other aggregated masses ol

matter.

The iollowing is a dislinct example of llie lumiiiilentus

ciiaracter of electricity ; that is^ of the close conuectiiHi

between Volmnetric Electricity and Luminiferous Force

(and also ^lechanical Ellect.)

Lanhwrs Natuml rhilosox>hi/. (1 ?!)<).) Curious exitcr-

friuiiinl itsi'irshoiilil lie luukod Mimii as urn- coinlmlor. so luii!^ a? tlii-y

are coriiK'cteil. 'I'licri'lbrc, ivinuviiig tlif cliaiii nr wire cuts oil' the

1 oimnuiiicatioii lietweeii tlie one part of the condr.jtor and tlie othei.

liejeetin.ii (lie diial-liypothesis, llie exi)lanatioii will l.«e tliat tlie

ImkIn eliarL^ed witii negative electricity) which has l)oen deprive I of

i!"iiuded olits electricity, attracts or induce.^ a (inantity of electricity to

liialpart of the conductor nearent to it. The chain being removed

and the inducing hody being alterwards also removed, the electricil.\'

accumnlated in that part ofthe conductor (now insulated) ia unable

to return, and consequently remains iti exces.s of the quantity which

naturally i,.r normally (-o to siH.'ak) belongs to that part of the cou-

iluctor.

VM



I4(> Ki.Kcrini ii;i) \vaii;k.

f

k

.1

i

i'i

iiiH'itfs Oil rld/ri/lril inilii'. — •* Lef i\ sliiiill liiclilllii'

Inicket II. J I-'ii;'. "il!', Ix- siispciKlcd iVom tlir [iriine coii-

diictoi' ol'ii iiiiK'liiiit', and Irt it luivc ii canilliiiy tube ('. I).,

.tt'tlu' sijilioii lonii, iiiiMici'scd in it ; or Id, il li.ivr n rii[)i!-

lii'y tnlx' iiisnttMl in llic hottoiti; tlu^ boiv of" the tnix'

hr'iiig so siiiidl tliat water ciiiiiiol i'scapc t'roni il Ityits

own jM'i'ssnri'. NVIicn tlic niarliinc is jtnt; in oporalioii,

the par(i»'lrsor\\a(t'r, IxToniinu; j'lrctrilicd, will r»'[K'l cacli

otIuM', and inniiediatcly an ahnndani stream will issni-

iVoni the tni)e: and as tiie j.ailicles ot" wafer alf er leavinu

fluMnlte still <.'.\ereis«' a recijuocai re[)nlsion, tiie si rcmi

will diver<>e in flie form of a l»riis|i.

If' il sponne, saturated witli water, Im- suspended iVoni

the jn'inie condueliir of the maeiiine, the water, when thi'

machine is first, worked, will dro[) slowly from it ; Iml

when the condnetor Iteeonus stronuiy elect rilied, il wili

<Iescend ahnndantly. and in the dark will exhihil the

a[n»«'arance of a sh<nver ol hniiinoiis rain."

^.N'(tte. In connection with this the reader may he

reminded of the occasional iv Inminons a|t[»i'araiu'e of ( sea-

water) fiie snrface (»f t!ie ocean in the very heantiful

|»henomeiion known as the [tliosplioii'scrnce oftliesea. )

A\'e will now nive some e\am[>les tVom the ueiier.i!

record of facts for th«» pnrjMtse of hrielly ilhist ratinji' tli.-

close relatioiishi[) or correlation of the several forms ol

force— /.r., I he several physical forces.

* Tills |ili('ii<>iM<'iioii is iif-iiiilly iittril'iitcd, incLiici llv, wooplno. lo

llic |ii'csciif(' nl" siihic liiriii cil'iiriiiiial or vci^cliiMo lil'c, wliirli i.-i -ii|)-

jMir-cil to Ik- ili-(iil.iili'ii on till" sml'iKT in va-l nniiil iT-i ot' iiiiniili.'

i|l"li\ i'luill-^.
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Foifiii's MiHiHdl of ('hninsliij, I'iiil I. I'liysii's, piig*'

7:.*.
—"Not long biifbre two vriy rcinarkiible facts lia<l

l)('«'u (liscovcij'd. Oersted, in Copciiliauoi!, showed t ha'

a ciirroiit o*" eU'cuieity, ho\vev(!r |»i()(hn'ed, exercises a

•<iiisiiilar and [reit'ecHy deliiiite action on a nia<;iietic nee-

dle; and St!eheck, in Ueiiin, t'oinid liiat an eh'ctric cnr-

rent may he LM-neraied hv the nnecjual eU'ecIs of heat on

<nirerent metals in conlacl. Il'a wire conveying an elec-

tiical cnnent lie Inuunhl near a magnetic needle, the

latter w ill innnedialelv alter its [tosition and assnme a,

new one. as nearly |»er[»endicnlar to the wii'e as the mode

»f snspensiun and the magnetism of the «'artli will |)ermir.

When the wire, forexamjtle, is placeddirectlyover the nei'-

lle, while the current it carries travels from north to sontlo

'he needle is dellccted fnjni its ordinary direction and the

lorth jioh; dri\t'n to th.' eastward. A\'hen the cnrrent i»

reversed, the sanu' pole deviates to an e(jnal anionn:

towards the west. I'laciny the wire helow the needle

insteafl of al)o\(' jn'odiices the «;;niu' circct as reNcr^inir the

'•nrrent.

When the needle is snhjccted to

the action of two currents in oj»|>o-

^ite directions, the one al>o\e and

the other l»tdow, they will <d)vioiisl\-

"oncnr in their eirect- 'I'he same

lliim; hajipens when the w ire carr\-

ing the cnrrent is hent upon itself, iiiid the needle placed

hetw«'eii the two portions; and since (nery time the

• tending is repeat«'d a liesh portion of the t-nrrent is

made to iict in the same manner upon the needle, it

is easy to see how a current, to(» leehle to produce

any f'll'ect when a sinule straight wire is employed,

may he made hy this coiitri\ance to e.\liil)it a power-''
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"ful jK'tioii on the lUiiuiu't. It is «»ii this priiu-ip'e ti jt'.

instruments fiillcd (fdlrtinonirfirsj i/tilmuosrDixs, or ntnl-

f'ljllrrs Jiiv constfuctod ; tliry scrvi', not only to iniliratc!

the existence of electriciil cnnvnts, hut to show hy

the ertbct ujioii the needle tlie diiection in which they

are niovini;-. P>y using a very hjui? eoil of wire, jiimI

two needles, innuovnbly eoiineeted, and hung l)y a fine

lilanient of silk, almost any degree ot sensibility may

l>e communieated to the apparatus.*

When two pieces of dillerent metals connected togethei

at each end, have one of their points more heated than'"

.-X;™:t-^

Fiu'. <'>!•.

* TliO cuhiiu'iii j:;al\ aiiii--'i)|ic. euiisistiiii.' ul' a icil n\' wire liavin'^ n

luinpus.-'-iK.'t'illc sii>|)cni|i''l oil a iioint williin it, \~ '^icatly iini.r(i\ fd U\

tiie a^lii.tiuii tiia stM'uiiil iicucllc. a- alrca'ly in part ili-scrilicl, ami liv .•'.

loiter iiioik' ot >iis|».-Msi^iii, a Imj;; liltri' ot' >\\k l»'iii;r iim"! lor the pur-

jioso. 'I'lif two iH'i'illc's ari' of t(|iKil >l/.v. ami iiia'_'ufl!zt''l a^< iioariy

a< pos.-iliio to tJK' -aiiif cMciit ; tlicy aic lliiii in iiiovajily lixi'il to-

trilliiM', parallel, ami w illi tlicir po!('> i ijipo-cil.ainl luiii^ with tlic lowi",

'iieillf ill the coil a;ii| the upper o!ir aimve it. The a'l\anlaj:e liainel

!- t\\o-lo|(| ; lhe.»y~leiii i- itslntir. luialleeleil, or nearly .>o, Ky tlie inai-

1,'tisiii ot' the earth: aiel the neitlie- heiie.' hotii aeteM upon in the

^unle niaiiiier liy the current, iire iir;reil with mueh ;irealer I'oree tiiati

uno iiloiie wouhi lie, all the aetiuns ol' e\ery part of tlie eoil lieiir.;

strictly conourreiil. A iliviih-'l eiri-|e is plaee<l below the upper necilie.

I'V wliich the I'cmilar motion ean he niea.-uieil ; aini the whole i<

ciielo'^od ill i:la^s, to >hie!il the nee'lle-^ I'rom llu' ajitaiioii oi the ai'.'.

Tiie whole i- ^Ip.iwii in l''I'^. (iV,
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'
I lie ollic)'. .'Ill jilccti'ic (Mirrciii is iiiiiiKMliiiToly set \i\>. (>;

;>]! tlio iiu'tiils lii«'(l, l>isiiiiilli iiiid aiitiiiioiiy t'oiiiitlie most

l»u\v<'it'ul (•oiiil»iii;iti(tii. A siiiiilc ji.iir of burs, liaviim

'>iu' ol' ilicir iniictidiis 1mmi»'(I in the maiiiicr sliowii, caii

levclopc a cmrciit sinMiy t'lioiiuli to dclN'cf a coiiijkiss-

Mcrdle placed wifliiii. and, l>_v aiiaimiiiu a nnnlu'r in ;;

vciics and lu'atiim- their alteniato ends, llic intensity oftlie

r.ui'reiit iiiiiv l»e \erv iihh'Ii i'lcreascd, Siieli an !irraiiii;e-

Fiii. r,\.

jii.nl is ciiUed a tlieniio-eleetric [tile. M. Melloni euii-

-trncted a very small ilu-niio-electric i>ile of tliis kind,

• ontainiim fifty-fiM' slender bars of Idsiiiiitli and aiiti-

)(!ony, laid side hy side and soldered toizetlier at tlicir

idleniatf ends. |[e conneeted this pile willi an exeeed-

Miiiiv delieaie itiultiplitM-. and found liiiuself in the pos-

session <»f an iiistnuiient for iiieasiiriiiu' sinall variations

)l tenijteraiiire lar snrpassinu in delieaey the air-tiier-

jionu'ter in ils niusi scnsiti\c hniii, ami haviiiii I'reat

iMhiiiitaues in other respects over thai insininienr when

ruiploved for the purposes li- which liedevoled it." (Sct'

ii!:. •'»! I.

I'.v means of thisapi'iaratiis. ihe close anah.uy hctweeii

radiant heat and liiihl was made a]>parent. The example

icre i;i\('n illiislr.iie> ilic <-<>n\t'ision of iieat (caloric

U<\rv) int«» molecular-elect ricily (\oltaic electric-force).

Kxamples of the coimeciion heiwt'cii Volumetric (fric-

tioiial). and Molecular (\oltaic) Klectricity are . . . The

production of Ma«rneii>m . . . Chemical decomposition . . .

The prodiiclifuiof /conversion into") Heat. (c//.. in the heat-
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'iiiT 1111(1 fusion of ii ((»ii(lii<-tiiii'- wirr)... circcts, whidi

iiiiiy result from the iiciioii of either our of (lioso fori't's

or i'ornis of force on eoinjtoiMKl iniilter. And the relation

of ' motittn ' iMid ' nieeliiiniciil-ellect ' to eacli of tliost*

I'orces is si low n in the |tro(hiction of \ (thmietrie elect ricitv

lt\' friction in 1 lie plate or cylinder «'lec1 rical machine; and

in the production of iii(»!eciilar electri»*ity hy the rotation

of an annatiire (a piece of iron) in I'ront of (he poles of a

iiiasinet. The production (»f vidiiiiietric electricity by a jel

of steam also shows the «'(»nnectioii of that force \\ it h iiie-

chaiiical-ellect, and also with heat (hecause the nu'ch.inical

cHect of the steam results from the addition of caloric

force to the water.) And in, airain, the development of the

siiiie kind of electricity (volumetric) by or in <-erlain

animals (fishes)

—

r, if., the (lymnotus, electricity is seen

to l>e closely coimected with nervous power, (/, c, with

uieclianical-e(rect)...theelectrical shock isiii\-en at the will

of the animal, and ureat exhaustion follows the repeated

exertion of the power.

The proposition that c(ini[tound matter is compouiuled

of force toiiether with matter, and that the distinctive

characteristics of the compound substance are dependent

iipou the definite proportional (piantity of force wliich

ent<M's into its composition and I'onstitutes a [tart of it.

may be demonstrated by the liicts beionuinii; to cheuiioal

and physical science. 'J'lu' following will here sullice to

indicate and illustrate the connection.

L(()(liut\s Sutmuil J^ldliisdpJiif.

M7iM).) '*.l ('liffi'id of Kliitiiiitii pitss'iiKj iinr (I (oii-

iincfor niisi'S its Trmpcnitiirc.—If a ciureiit «>f <'lectricity

pass over a conductor, as w(uild ha]»pen wlien the con-

ductor of an electrical machine is comiecti'd by a metal-

lic rod with the earth, no change in the thermal condition

of the conductor will bt> observed so loiisjf as its trans-

Ncrse section is so considerable asto leave sullicient space

for the free passage of the fluid. l>ut if its thickness be

diminished, or the ijiiaiitity of fluid passinu; over it be
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iiii.uiiK'iitrd, vv, ill i:<'ii('iiil, iCtlit' r.itio ((I'tlic iliiid lo ilic

uiiigiiitutlo of llu' .-ipiK't' iilibidcd to it \u> incicast'd, the

coiidiit'tor will he round lo iindci'iro iiii rlcNjition ol'tcMii-

IK'iutiirc, wliirli \vill he iriviitcr ilio urciitcr tlic (|ii;iiiliiv

oftlie clt'ctrifily iiiid llu' N'ss llie simcc supplied lor its

jtassiijiv."

(1^00.) ^^KrpcrliiH iihi/ I'd-'/icafinj/,— W'irr hcaial.

fnacdj (md hitnicd—Jla piece ol' wire ol .sever.il inches in

lenirtli be placed upon the stage of the universal d.i.s-

( hai'ger, a foeldo ciiaige transmitted through it will sen-

sibly raise its teiuin'rature. ]\y increasing the strength

of the charge, its temperature may be elevated to higher

and liiglier points of the thennometric scale; it may l)e

rendered incandescent, fused, vaporized, and, in line,

luirned.

With the powerful machine of the Taylerian .Afuse^nu

at Haarlem, Van .Marum I'useil pieces of wire above 70

feet in length.

Wire may be fused in water; but the length which

can ]to melted in this way is always less than in air,

because the li((uid robs the metal of its heat more lapidly

than air.

A narrow ribbon (»f tinfoil, from 1 to (i inches in

lenirth. mav be volatilized bv the discharire of a coimnon

batterv Thle metallic vajKir is, in this case, oxi(lized

in the air, and its filaments float like those of a cobweb."

(I^(»l.) " Thrnui'J J\/i',rf.s arc ifnalrr as the Coik/ikI-

iiif/ Power is A'.s'.s'.

—
'flu'se thermal ellects are manifested

in dillerent degrees in dilierent metals, accoi'ding to their

varying powers. The worst conductors {»f electricit\.

such as platinum and iron, sufler much greater changes

of temperature by the same charge than the best conduc-

tors, such as gold and coppei Tiie charge of electricity,

which onlv elevat«'s the temj erature of one conductor,

will sometimes reudt-r another incandescent, and will

volatilize a third."

(1^02.) ^' Jt/itilo'ii ('/ M'f".h\— If a fine silver wire be
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<*\I('ii(lt'tl Ik'Iwccii I lie rods id' t lie iiiiiv«'rs;il (liscliiili^cr, .i

strolls; cliiii'iit' will iiiiikc ir Ixini with u grt'ciiish tliiiin',

it will |»jissoiriii ii liicyisli siiiokr : otlifT liictals iiiiiy Ix'

siii'iliiilv ii;iiii«'<l. ciicli pi'odiifiiijj; a ilaiiM' of it |H'ciiliiii'

.•oloi'. II' till' rs'it'iiiiit'iits he iiiadf in ii iT(('i\('r, llic

|tr./(lilfls (if tilt' toiiilillsl lull hciiio' ('(tlN'ctcd, will j»i'o\L'

to Ik- tin' iiuMiillit- oxides.

ilii iiilt llilViid of silk Ih' cMt'iidt'd ht't WtM'll tilt' l«id>i

ol tlic discliiHiiTf, llic t'lci'tiicity will volatilize or Immii

i1j«' uildinu, witliMiit iilli'ciinu ilio silk. Tlic t'lll-cf is too

ivijfid to idlow tlir linn- iicix'ssary for t.iic lu'jit to iiUV'ct

till' silk.

A stii[> of troid or silver leal'idiieed between the leaves

ol [taper, heiiiir extended 'lelween the rods ot' the dis-

4-liarii'er. will be hiirnt liy a discliari,^} Croni a jar liavinj;

two S((iiar«' feet of coatiiii:. The met illie oxide will in

this ease appear on the pa[)er as a patch ot purple eolor

ill the ease of '.:(dd. and ol' <!rt'y eolor in that of silver.

A sjuirk I'idiii the prime eonduetor ol'the iireat Haar-

lem machine hiiriit a strip of yold leaf t wenty iiiclu-s

loMUf hv an inch ami a half hroad.'*

(l>()(i. )
" II, siinifi.-! J\iiv(lir lliniitd.— 'I'lie electric

j'harsie tratismilfed tliroiiirli line resinous powder, such as

that of ( 'oloph(»iiy, will 1^1 ile it. 'J'his experiment may

he ju'rlormed either l»y spr«'adiii^ the powder on the

staiie ol'the disidiaruer, or l»y impregnating a hank of

<-olton with it : or. in a still more striking iiiaiiiiei, l>y

spiiiiklinii it on the >iiilare ot' water coiilaiiied in an

earlheiiware saucer."

MOl.i:i'l"!.Al! VDl.r.VlC) Kt-K'TlllCI rv ANIt MArrK:!.

i'uiviit's Cliciiiislnij I'aiic \^'l.
—

'J'he second form ot

iij)paratns, or crown of cups. Is precisely lljt* same in

princijde. althoiiuh dilli'reiit in appearance. A nimher

of cups or glass'.'s are arraiig«'d in a row or circle, each

<-(jtitainiii<: a piece (.if active and a piece of inactive mclal
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*'iiii(] ;ii)ortion ot'oxi'itiiiu: lii|iii(l ; zinc, (•oj)iK'r, and diliiic

sulplniric acid, for oxaiiiplc. Tlic copper of tlio first cup
is cuiiiK'crcd with tlic zinc of tlit' second, tho copper ot

the second witli the zinc of lh«' third, and so to the end

of the series. ( )n estaUlisliinir a connunnication between
tiie tirst and hist phites by means of a wire, or (otherwise,

discliarire takes phice in the form of a hriaht en(hirin!i

jipark (tr .stream of lire."

(Page t2 ()(>). "When a vohaic current of considerable

pvtwer is made to traverse various compound liipiids, a

separation of tlie elements of these li([ui(ls ensues
;
pro-

vided that the li(piid l)e capable of conducting a current

of a certain degree of energy, its decc,;n»osition almost

directly follows.

The i'lements are disengaged solely at the limiting

surface of the liquid ; where, according to the common
mode of speech, the current enters and leaves the hittei',

all the intennediate portions appearing perfectly ((uies-

cent. In addition, tiie elements are not separated indil-

ferenily and at raudom at these two surfaces, but, on the

contrary, make their ap})earance with perfect uniformity

and constaucy at one or the otiier, according to their

chemical character, namel}'—oxygen, chlorine, iodine,

acids, etc., at the surface connected with the co))per oi'

vdrojren, the metals, etc., atpos Ty

the surface in connection with the ,*/y/c or iKytifiri' i'xtwui-

ity of the arrangement.

The terminations of the battery itself, usually, but l)y

no means necessarily of metal, are designated poles or
"

N
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" r/r(7>of/r.v, as by tlu'iriiilt'rvoiitioii tlir li(|iii(l to hf ('\]m'-

riiuciited on is iiia<lcii piirt ol'tlic circuit. Tin' [ii'oc ssol'

(lt'('(»iii[H»siti(>ii l»y the cm rent is called rlrr/nih/.sic, and ilic

liipiids, wliicli, when llnis treated, yi«'id ii|) llieir fle-

ni'-nts, are denominated i Ircffo/fffrs.

AN'heii a pair oC platinum jdates aie plniim'd into .1

"iiass of water to wliicii a lew drops of oil of vitriol iia\ e

l)i'en added, and the plates connected l>y wires with the

extremities of an active hattery, oxygen is disens^.iire*! ai

llie positive electrode, and hychoiren at the neyative, in

llie propoi'tiuii ol one measure o(' the former 'o two ol

the latter nearly.

A solution of hydrochloric acid mixed with a little

Saxon l»ln< (indiuo^ and treated in the same manner,

yields liydrou»'n on the neiLrative side, and chlorine on the

[»ositi\(', the indiifo there hecomiui;' bleached.

Iodide ol' potassium ilissolved in water is d«'coini)osed

in a similar manner, and with still l iter ease; tin; free

he i»ositi\e side can ne iccoixnized bv itsl»rownine at tiie p
(.< •lour, or liy the addition of a little uclatinous starch.

I',\ eiy li(|uid is not an electrolyte ; many reiiise to con-

dmi. iind no (lecomj)osition can then occur; alcohol,

elh« 1'. nmniM'oiis es:,''ntial oils, and other products of

oruanic «'!iem!sir\. besides a few -.dine inorti'anic com-

pounds act in this manner, and complet<dy arrest the

current of a \cry powerful battfiy. It is a \cry curious

lact, and well deserves attention, that \fry ni irly, il nut

all t lie sidtstances acknowledufcd to be susceptible ot elec-

trolvtic decuni[tosition, l)eloiii> to one (dass ; tliey are nil

binary compounds, coiilaininiLr single e(|nivalents of their

cttpiponents, the latter beini; stronuly oppos«'d to each

other in their chemical relations, and iiehl touetherl>v

verv lowerfid atlinities.

"The metal!!'- terminations of the battery, the jxtlfs

or electrodes, have, in theigselves, n(»thin<i: in the shajir

(if attractive or repulsive pow<'r for the elements so often

separated at their surfaces. l-'inely-ili vided metal sils-

"



T^

MoijuTLAK i:ij;(TiM(iTV AM) .M\TTi:i{. ]:,:,

•'
Im'ikUmI ill Witter, or clilitriiit' licM in solution in tlint

rujiiifl, shows not tlic Irjist syniptoni of a tcndciicv to m--

finnMliitc in-omi(l tlicm
;

a sinulf riciucnt is all(»<>rilici

iiiiiill't'L'h'tl, (liroctly al Icnst ; severance from previous
(•onil>iiiation is re(|iiire(l. in or.ler that this apjienrauee
^houhl he exhihited.

It is iieoessary to f.\,nuiiie the jtrocesses of eleetrolvsis

a htth' more eh)sely. When a |»oilion of water, i'i.r ex-

ample, is sul»jee!<il to (leeomposiiion in a ulass \rssrl

with parallel si»i,'s. o.\yu:en is disenuaued at the positi\e

flectroile. and i:vii,'ogen at the negative; the yases are

pnrt; and unmixed. It' while the decomi>()siti«»n is pro-

ceedinsr, tlir iuterveuin<r w;iter he exannned hy a heam
of liuht, or l»y otht ) uu-ans, not the slitrhtest disturl)anee

<»r mo\-ement of any kind will he perceived, nothiMir like

ciirreids in the Iffpiid or l)odily tra.isler of <>as from one
part to anotJier can he detected, and yet two portions of
water, separated perlmps l)y an interval ol four or li\e

inches, may he rc^ipectixelv e\(d\inir pure o.xven and
hydnnren.''

" If a immlier of (hfferent electrolytes,such as acidulat-

ed water, sulphate of copper, iodide ()f[)otassiuin, fused

chloride ol nad, A:c., he arraiiued in a series, anil the

same current he made to traverse the whole, all will

sudi-r decomposition at the same lime, hut hy no means
to the sameamoiim. Jf arranifements boniadt! hy which
the (piantity of the eliminated elements can he a<'curatrlv

ascertained, it will be found, when the decomposition has

proceeded to sonu' extent, that these latter will have heen

rijiiird /(i,f>diseiiiraired exactly in the nttio of tlic rJuhiirdJ

The same current which decomposes !* ]»;u'ts of water

will separate into their elements \i,r, pai'ts of iodide of

p(»tassinm, ^V^••3 parts of chloiide ot lead, Ac. Hence
the very important (UKdnsinn : The action of the cur-

rent is perfectly delinite in \\^ natme. prodiicinu; a fixed

and constant amonid of decoiiposition, t'xpressed in each

electndvte hv the \idue <>f its chemical eci'iix jh-nt."
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\':

Fitilii ;i MTV cxtt'iulfd M lies of «'.\j»('liiii('Mts, lijisi-il oii

tliis iiiid diiifi' iiiftlnuls til" iTst'iiicli, Mr. I''iirii(liiv wax

«iial>l('(l In iliiiw till' i:t'iH'iiil iiiCcn'iici' tluit clli'cts o\

rlu'iiiical tli'r(iiiiiH»>iiiuii wcif alway>< )>ro|H>|-|i()ii«to to

tlir ((iiaiitiiy nl circiil.itiim- cl'rt ricity, ami iiiii;lit 1h' takni

as an acfiiialf .iihI tnisiwuitliy iiicasiirc (tf iIk' lattiT.

(iiiiilcd liy litis liiulily important |irin<'ip1r lie con-

stnicttMJ liis liilhdiii frr, an insiriiniciit

wliicli lias i(»n(li'i(Ml tilt' iir<'al('st,

si'ivirc to flccnical sriciicc. 'I'liis

is nnTcly an ananin'nit'nt l>y wliicli

a little acidulated water isdeeonipo-

setl l»y tilt' iMirrent, tlie uas evolved

IteiniT eolieeted and measured. \\y

idaciiis; sncli an instrinnent in any

part of the eirenit, the ((nantity of

electri<; foreo necessary to inodnee anv uiven ellect

can be at onee estimated ; or, on tin; othei' hand,

any recpiired amount of the latter can he, as ir were,

measured out and adjusted to the object in view. The

voltameter has received many dillerent forms ; one of

rhe most extensively useful is that ti<,Mnvd, in which the

jdatiniim jilates are separated hy a \ery small interval,

and the iras is collected in a <j;raduated jar staiidinj^ on

the shelf of the i)neumetic trough, the tube of the instru-

ment, which is tilled to the neck with dilute sulphuric

acid, be injr passed lieneath tlie jar."

" 'J'iie experiments ofMr. Faraday and Professor Daiiiell

have given very great support to the chemical theory, by

shewing that contact of dissimilar metals is not necessary

in order to call into being powerful electrical currents,

and that the development of electrical force is not only

in some way connected with the chenncal action of the

liquid of the battery, but that it is always in direct pro-

portion to the latter. One very beautiful experiment,

in which the decomposition of iodide of potassium by

real elect rolvsis IS (1 Iperlornu'd l)y a (Mu-rent genera ted
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vvitlioMt, Jiiiy (•(•iitiict of <li»Hiiiiiliii- nu'fiils ciin In- tlmn

iiuidc : — A pliilc of /iiic is ht'iit iit ii liulil aiiulc, timl

nrlfiilM'd liy liihltilii,' witli siiiul-ji.ipt'r. A
phitiiiiiiM pliilc liiis ji w ii«" of the .s.iiiic iiirtfi!

^r^ iittiu'licd t(» it Itv i'.irt'riilK rivrttiiiu;. iiml flu-

^:'>l^. I......... :....;
•

. ..:...::......,,„,

T^7

k^-")

liiftcr Ix'iii into iiii ai'di. A |)i('f(> of lol<l

liU('r-|»ii|H'i in \v»'tf«'(| with solution ot imiidc

of pofasNinni, and [dared npon the /iiie;

\\ I lie idatinnni [date jx arranued ojtjtosite tn

tile hitter, witii the end of its wire n'stinn

il|)OU the paper, and thi'U the pair phinucd into a ulass of

dilute siilpliiirii' aeid, mixed witli ii few drops of uitrii',

A brown spot (d' iodine heeonies in a iiioiueiit evident

hencatli the extremity of the {»latiniiiii wiie; thiit is. at

the positive side id tlie arranuenieiit.

A stroni;' afuument in fa\or of ihe eheiiiicil \ iew is

I'oimdod on the easily proved liict, tliat tiie direction of

tin' current is determined hy the kind (d' action upon the

netals. the one least attackeil heinyal ways positive L.n

two |)olislied plates, the one iron and the otin'r copper.

l)e coimect«'d hy wires willi :i ualvamjineter. and then

immersed in a solnlioii (d' an alkaline sulphide. The

needle in a inonuMit indicates a powerful current, passinsi

from the copp«'r, throiiuh tlie li<piid, to the inm, and

()aci4 asrain throuijh the \^ re. Let the [dates he now

remove! I, .dcaned d :,luii, d into dilute a<'id ; tin

needle is aiiaiii dn\* ' rouiiu. ) ut m the o[)posite direc-

tion, the current '..w nassiw!. "(nil the iron, through the

li«piid, to the ey

•ted

1*1-

u))oii, and 1

> 'J'e first instance the copper i^

lot tl 10 iron in tl u' second, tliese con-

ditions are reversed, and with them the direction ot'tlie

eiirrent,"

Tl le principle ot the conqtoiim1 hatt.erv IS. i»erhai>s,l»est

seen in the crown of cii[)s* ; by ea»di alten ation ot" zinc,

fluid, and copper, the current is uryt'd forward with

^!

soc r a<r<' !•>•'.
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iiK rciiscil t'lit-riiv. its 'iitciisilv is imi,nii('iit»Ml, hut tin*

tiiiil iiinuiiiit ol *'lt>('ti'i(Ml t(»i'(-i> tliriiwii iiiii) tli«> ciin'riit

loriii* is lint iiicrciscd. Tin' (|ii;iiiiit y rstiin.iliMl liy il^

(li'citii'posiim: |Mt\vcr is in liict ilricriniiu'd liy lliiil (il'llit'

Mii.'iHfst iiiid trust iitli\*> |),'iii' nl pliitrs, I lit> <|iiiilltity i)t

fleet licit \ ill e\ er\- ii.iil oi' seel iiui ul' I lie ei leiiit lieilii:

e\iietl\ e(|i|; leiiee in l''>i' ;iihI siiiiill pl.'lles, hiitterit

•liilii:lv iiiid \\i',d\lv eliiil'ued. e.ili lieMT ite eoiilieeleil

williiHIl ifi'eiil Imvs til' power."

" W'lieii ii liiitteiy, eil her siiii|(le (»i' euiii|Mtiiiid, etiii-

^inieted with [Hire or ;iiii;ili:jiiii;ile(l /iiie, is eliiiiLred with

ii'ililled st|l|)hlirie iieid, il llilliihel' ul' liii^liiv iiilercst iiiu

|tlieiii>iiieii,'i iiKiN he idiser\'ed While the eireiiit reiiiiiiih

iiei

liitikeji ihi' /iiie is |»er('e( llv iii;ieli\e, iio wnler is deediii-

I

ii'sei'. no h\dl'(iL!eii liheriiled; hill the liioincilt the eon.

lion is eoiii|>|eled, torrents olhydioiieii iii'ise, not hoin

I he /iiie, luit (loin the eo|i|)ei' or |)liitiiiMin siiiliiees iiloiie.

while lli<> /ilie iiiideiixoes t i°iili(|ilil .Hid iin|M'i'ee{itihle o\i-

iliilioii ;ind s(diltioli. 'i'lins, e\;iell\- the sjiine elTeets iil'e

*<'(ii l<» oeenr in e\ei\ ;i(ti\e eel! of ;i closed circnil

wliicli jii'e wiliies>ed in ii |toilion ot wiiter iiiider^oiiiy

elcci lolysis ; the o\\ i^eii ;i|»|>e;iis jil I he |>osil i\ e side, with

ie-j)eet to the ciiiieiil, iind the hydloneii lit the iieuiiti\e ;

lint with 'his dilliTeiice. thai iheoWLfeii iiisleiid of heiiii;

»ri lice coiiihines with the /inc. I It is, in (;ict, ii reiil

cii >!• o| electrolysis, jind electrolytes iilune ,ire ii\ jiiliilde jis

c\( il iii'J liijllids."

* •'•', Till- i|iiiiiil,i\ <i| ii.ii I- n iiijcii.l i|\ ii.iiiin-,

// 111(11/ III /III ri /nil' I niisiili I'l il— " I niiiliiislim: n/ l/n

'.'III' III irliii/i II ilitiinlr i/iiiiiiti/if iif iiiiili I iiliir /'uiir is sif fiuv

'II tic foi'iu iif iiiiili I ii/iir (in/liiii ) I /i I tiiiihf, iiisliiiil II/' III

till Junii It/ III III ( I iilm ir /mi I ) lis III III ill inn If i iniihiisfinii—
/(•/( c'l II st II it>i lir II I nil il, fuf I 111- snl.i n/' ilistiiii linn, i/nsi'iiiis

III ii/iifiiiii, tlir /,,niii , III nil/ I'liiiii/ iiiisi I III itf lii/iiiil D.iiilii-
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" l-'roiii r\|u'iiiiit'iils very «',ii-t'('iilly iiumIc with ii dis-

sccfi'J Iciliciy t>r |MMMiliiir coiistnictioii, in which UwA
lU'tidii \\iis (•(»iiij>lt'lrly .ivoidrd, it li.'is hccii (hstiiwdv

|tr(tvt'(l thiit ihr (|iiiiiility (if (dcclricity scl in iiiotinii by

lh«' hiittcry Viirics with thr /.iiic (hssdlvrd. ('oii|diiiir thi>i

t'iict with th;i( ot" the deli nit i' net ion of I he cnncnt, it will

l>t' s.'cn thill when <i jtrrli't'l hiitifiy ol' this kind is cni-

plovcil to (h'conqiosr w.itcr, in oi'(h'r to »'\t»l\t' I i>;i-;iin ol

liy(h"«tu;«'n I'loni tiic hitter, :!:» liiMiiis ol /.inc niiisi, he oxi-

di/.»'(l iind its «'(|iiiviilrnt (|ii;iiitity of liydroucn (iiscniiJiuM'd

in t'Jich jK'tivi' n-li ol'thc h.itlriy. 'rii.it is to s;iy, tliiil

th«' rh'clrit'iil (oiTc ncncriiicd l»y t he oxid.ition oljin ('(|ui-

Viih'iit of /inc in the h.iitciy, is ciipiildc of »>tli'cliii<4 iIm'

(li'('oiii|iositioii of Mn ('i|ni\ ;d<'iil ofw;itn°, or him' otlii'i-

i'lfc"tidl\ tc ont of it."

^:•>*r^l—V

Vv:. ::;.
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"Tilt' red oxide of inereiiry is placed in a short liihe

of hard i;ia>s, to which is lilted a perforated cork,

furnished with a piece of narrow irlass tiihe, lieiit as in

the liunre. Tlie lu'at of a spiiit lamp iieiliu applieil to

tin' suo-'taiiee, (lecoiniiosit ion speedilv coiiiineiices, tilodih yi'

[
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•' hull's (if nK'taHu' iikmciiiv ('(dlrct in tin- cnol pjirt ol tin*

\vi»l«' tiilH', whieli iinswiMs tlic purpose ol' ii retort, while

UJis issues in eousicU'riihh' (piaiitity rrt)ni the appiirat'is.

This f^as is eoUeeted and exaniin«'(l by the aiil of tiie

pnenniatie troutrli, wiiieh consists of a vessel <»!' \vat«'r

provided with a slu'lt, ii|»om wiiieh stand the jars or

hottles destined to receive tlie uas, lilled with water and

inverted.

IiV keepin-.": liie level ol' the liipiid ahctve the mouth

of the jar, the water is retiined in the latter hy the pres-

sure of the atmosphere, and entraiu'c of air is prevented.

When l)ronuiit over the extremity of the tras-delivery

tube, tluf buhhh's of uas risinu ihroujirh the wafer cidlee:,

in the upper part of the jar and disphiee the liipiid. As

soon as one jar is lilh'd, it may he removed, still keepiui"

its mouth Ixdow the water level and another suitstit 'iled.

The wliole arrangement is shown in Fiu. ?:>.

The experiment deserilied is more instructive as an

excellent case of the resolution l»v simple means of a

compound hody into its constitiu'nts, than valuable as ;i

sdui'ce of oxyuen uas. A better and more eciuiomical

method is to «'xp(tse to heat in a retort, or tlask furnished

witii a iteiit tul»e, a [lortion of the salt called chlorate oi

potassa. A connnon l-'htrence Mask answers |»erfectlv

well, the heal of a spirit lamp beiiiLT sullicieiit. 'i'he salt

melts iind decomposes with el)ullitiou, yicldinii a verv

larsre (piantity of oxyyen uiis, which may be c(dlected in

the way above described. The lii'st p(U'tion i>\ liie i>;;is

olten contains a lillle chioriue. The w bile saline residue

in t!ie tlask is chhu'ide ul' piilassinm."

Tlie>e liict' IV e to slKiw tlie ml iMiate nat ure (I

llie conneclion between chemical and eleolrical f(U"ces,

—

i. r,, between tliuse turm^ of forco.
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\\'»'li;i\f ii(l()[ilt'(l till' it-nn ' fiiloric-lorct' '

ii^ im-luil-

iwfi llu' two distinct I'oniis (»)• modes of ln'iil known a^

if((li(l)if (n\' Jhr) iUld hifiiit (or cnnihijird) liciil. <>!

llicsc, rdiUiiiil IkmI may Im- nmsidcicd as nt'arl\ allied to

\(»liini<'lric elect licity aid to liulit ; whilst luliut lu-at

iipponrs to lie more closely allied in ils (dianicteiistics to

)noloculur (dectricity, lor it enters iniu and modilies or

cliiinufes llie internal [tIi\Nical condiiion ol'tlie coni[ionnd

nniller.

The inter-ndaiioii of these two lorms of f'orro, naiiiply,

radiant and latent heat has to he now iirieily considiM'tMl.

{ yotc.— It may I hserved that the [dienomena ol latent

heat (and (d specilie heal) toiictlier w it h those ol i>om(n"-

]>hi.sm Ktron<j>l\' Hn|i|tort the |n'o|iu>iii(i|i th^it coii.|m)iiiiJ

mat ler coii>ists of elenientar\ mailer com|iiiimded with

force.

I'ltiVHi's ( Iniii'islni.— Ileal . . . ('hanue ol Mate.

'Mfeipial wt'iuhts of water at •'>•.", mid w aler al 17 1',

he mixed, the teiiiperat nrt' of the mixtiire will he the

mean of the two tein|teral iires, or |(i:!'. If tin* same e\-

|(erinieiil he repeated with snow, (n' lilieh, powilered ice,

at :{-J' an.l water at 17 I' the lei)i|M'rat nre (d' the whole

will he slid oidv -J'.' , /'"' //"' '" "'''/ liiitr Ixiii iinlfiil.

I III. of water ;il .-l'."'. >

I III. of water at I ; \ . S

I Ih. of ice at o-J". > _ .,

I Ih. ol water at I ) f. S

"~
'

-^ -J lli>. water al IlKt'.

li>. w ater al

In the last e\|ierinienl, therefore, us nnitdi in-at has

heen a|i[iarenllv lost as would have raised a (|nanlity o|
"
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'• wiitt'T »'(|ii!il )(» tli;>l nl' the ifc flinnmii ;i raiiiic (»r I
|'j'.

Tlu» l)";il, lliiis Ik'coiiic iiisciisildc to llic t iK'niioiiiclcr in

• tli'ctiim ill*' li(|ilft';icti(iii oCiIh' ice, !< cillcd l.itfiil licit.

i'V licttiT, liciit ol' tlnitlil y.

ALiiiiii. I't II |t('rl('cilv iiiiilnriii -Miiiict' of lirnt 1m'

iiii.iiriiK'M. (il smli iiitciisilv tli.il n |Htiiii(l of water j»1jici'iI

<i\t'f il w oiiM lia\ (' its triii|i('iatiirt' iMisi'd I |>cr iiiiiMitt'.

Staiiiiii:- with watri- at :i-.'' in rjitlicr iihhi' than II

iiiinntis, its Iciiipci'atiifc wmilil liaxc i'i>t'ii I I'J' ; Imt llii'

s.inic ((iliililitv ol" ice at :!•.', r\|i()snl \\iV tlir saint' illtt'l-

Viil nrpiii!'. WdiiU iiiil lia\(' it^ lt'in|»('fatiirt' lai^"!'!! a sinuli'

(li'iriTc. I'.iit, tlicii, il Wdiilil lia\«' hccnnn' WiittT ; ill''

In'Jit r('cri\c(l wonlil lia\c Ih'cii cxclnsiv cly fiii|»|(>yt'il in

fircctiliL'' ;i I'hiiliuc (»r slate.

Tlie Ileal is not lost. Ii(|- wlieii tlie walei I'lee/es it is

JlVnili e\ul\eil. Ha tall jar of wjiter, eovei-ed to evelmle

<lnsi, lie |ilareil in ii siinalioii where il shall he i|iiile nii-

tlistniheil, ami ill the siiiiie lime e\|»os(M| to tireiit ('(»|il.

the leiii|>eraliire ol' ihe w ,Her may Ite icthieed Id' oi iiioie

helow ils rree/iiiL[-|»oilil wilhoiil the toriiialinn of lee ;

init then il a lillle aLlilatiiHi lie eiiiiiiniiniealed In ilie jar.

or il uiaiii oj sand di'o|i|M'd into the \'iiler, a jiortii'ii

iiistiiiilly solidilies, iind the leiii|ieralnre ol' the whole

risen to :{•.''; the heal diseiiuiiued liv the Iree/iiiLi ol .1

siiiidl portion ot the w;iler will Inive het'ii siillieieiit to

raise the whole coiiteiils ol llie')ii|- 10"." ''
'I'he Jiiw I hns

illlisl rilled ill the e;ise iif Wiiler l-> lieifeetly irenerill.

W'JH'liever ;i solid heeoiiirs ;i lii|nid, a eerliiill lixed iilld

deliiiite anionnt ol heal disajipeiirs m' heeomes laleiil ,

illld roiiverseU . w lieiie' er a lii|nid lieeonies ii solid, heat

to il (•oiresjioiidiiiLr exieiil isoiven out. 'I'lie anioiinl ol

Intent heiM vnriesniueh with dilli-renl snhstanees as will

Ite seen hy the tahle :

—

Wilier I I-.'

SiiImIiiii' I l-V

.eiiil I &r

/illC

Till
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''A law orcxiictlyllu." siiiiu- kind as lli.it dt s( rilicd alli-rts

universally tli(! siiiscoiis cuiiditiiiii ; clianm! or >r;it»' from

solid (ir li(|uid to jras is a(conij>ani<'d |>y ubsijiptioii ot

sensible Ileal, and the reverse l»y its disengair.'inent. Tin*

latent liejd of" steam and oiliei' vajKHirs may l>e aseer-

lained l»y a similar mode of iii\cstiiialion to that em-
ployed in I lie ease of water.

When water at :;•.*' is mixed with an e(|Mal weiirlit ol

water at Jl'J' the wlmle is lomid to pttssess tlu^ mean ui"

the two tfiin»erainres, oi" I -J-J ' ; on the other hand.

I part by wfinht of steam at -J I -J' when condensed into

cold water, is Ibiind to be capable ol raisins; -Vti jiarts <»l

the latter from the fVee/in:^' to theboiliiii; point, or

throiitrh a ranu:e (.f !>()'. NHw 1^0 j .'r(i=l(H)s
; that

is to s;iy, ^team at •.'!•." in brroiiiiiiy; water at •,'!•,''. p;iri*

with enonifh heal to raise a weiuht of water etpial to it>

<twii (if it were possible) |ll(i>" of the thermometer.

When water [)asse>. into steam, the same (piantity of.scn-

"-^Ai' lie.il becomes Ijiteiit." "it is a \erv ri'markable

liii'I. that the latent heat n| ^team diminishes as the tem-

perature of steam rises, so that eipial weitl'hts ot steam

thrown into cold waleicNhibit nearly the siin,. heat iiii:

power, althoni^h the aetnal tem^teratiu'e of the one

portion maybe -.'I-.' and that <if the other :!•;(» . Thi^

idso ap|»ears true with teinju'ratures below the boilinu

point ; so that it seems, toevaporal*' a uiveii i|uantitv ot

water, the same absolute amount of heat is retpnred.

whelliei it be pertiirined slow ly at the temperat ur«' o| t he

air. in a manner presently to lie noticed, ov whether it Ite

boiled nW mider the [iressnre of twenty atmospheres,"

Cupiu ttij fcf III at ; Si>t(ifli llvdt.

" Let the read«'r renew a snppusition made when the

doctrine of latent heat was under consideration | l<'t hiiu

i;nauine the existence of an imiform source of heal, and
"
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" its intensity hiu'Ii jis to liiisoa <?iv('M wriulit ol watrr 10'

ill '){) iiiimitrs. If, now, tluM*.\[»oriiiiriit hi* rojn*iit«.'(l vvitli

«'(|iiiil \v«'iulits of iiM'rciny and oil, it will lie lonnd, tluif,

iiisti'ud of :{() niiiiiih's, 1 niiiiiitc will siinifc in tlic toriiuT

(•iis«', and I
•'» niimitrs in tin' lidtrr. This »?.\|M-riiiuMit;

st'Tvrs to point out f!u' very iinpoiliint fact, that dilli-nMit

hodirs Iiavr dilli'ifiit niiinrifics /or liraf ; tliat iMpial

weiirhls of water, oil, and inrrcurv, r('(|nir«>, in order to

rise throiijih the same raiiire (d" teinperatiire,

—

(jiiantities

(d' heat in th<> proportion of tiie nninbers ;](), \'>. and I.

'J'iiis is ol'teii expressed liy sayiiiij: tlmt the S})rrl/ic hnif of

water is :{() limes as ureat as that of nieicnry. aiiil I lie

speeilie heat (d" oil I') times as great."

" M^^. nnlonif and I'ctit (»I»ser\tMl in the course of

tiieir invest iiratioii a most I'luaikalde circumstance, if

tiie specific heals of hodies he computed iqtoii tMpial

wei<;lits, nniidiers are obtained, all diU'ereiit, and exliihit-

injr no simple relalions amoim themscKes; Itut if, in>leiiil

of e(pial weiirhts, (piantilics Im- taken in ihr proportion of

therhemical e(piivalrnl>. an idnio>i pci'fi'ct coincidi'iici'

in the nund)ers will l»e ohscrrcd, shewing thai soiiic ex-

ceedingly intimate connection inu>t exist hetwecn the

It'latifuis (»!' bodies lo iieat ,i'id tiieii" chemical iialuii'."

cAl.Oinc KolliK .\M> MKCIIANMM KKI'

The following, taken also from Foicncs' ManiKil if

Clirnnstri/, are instances of the correlation (inter-relation)

(dfaloric-tbree and mechanical elVect.

•' .\n ex[»erinient of ('ouni h'mnfoid is on recin'd, in

which the heal developed b\ the boliiiur <»f a brass

cannon was siiHicient to liring Ui liie boiling point two

and a half 'callous of \valer, while the dust or shavings o[

metal, cut Ity I he borer, weighed a lew ounco.S only."

I
I



(Ai.oific rn|{( i: ,\Ni> ^ll•;(•lI \Ni( vr. i:rii:( t. k;

Sir II. Daw iiiflicd two jiicccs of ice 1)\- nihl MIU

tlu'iii touclJH'r ill \;iciii) ;it :(•.»"; iiii<l iiiicivilizfd men, in

\iii"i(tiis parts (if tilt' \\(»il»l, lia\(' Ion;; liccii kintwn to

(il»taiii lift' l>y nil>I»iiiir toiiftlicr Iwn jtit-trs of div

\VUU(

A soli iron nai! iii.'"' iii- made red hoi l»\' a I t'U

dt'.\r«'r(>iis hlows on an an\il; liui tin* ('.\|i('rinn'nl caniint

ln' n'pcnlt'd niitil llin mclal lias Ihmmi uiontilnl, niid in

thai nianncr rcslorrd to ils oriuinal |»livsical slat*'."

To thcs«' »'.\ani|tli's may he add«'d, that (»l' I lit' heal

<riv(Mi onr by air and oil- • uas wIkmi siihjt'ctj'd to

moclianical pn'ssnrr,* and, ihat of tin; sicam-cnuinc in

which a i>oi'tioM ol' ihc lu'iit iiiii)art«'d tcttlic watrr nia\

1)1.' coiisidrrcd to ln' coiix t'llcd into iiM'chan ical clll'it.l

' 'I'lic • cnlMric-fii^'iiii'' (ot' Krit'f<oii) m wliiiii ilic cxiiaii-idii mI' uir

'V Ileal, I'liriii-'icH llic inuiivc jiiiucr, may lie inihiii.Mi'.l a- aiinllir-i

illiisiralicih.

t A liiilf lull -lilcral iiili w I II iiial. ijipai'i'iil ilial a <ii-liiK-iioh

HulliM li('t\ II I lie <'asf of II lii^ili-prcssiirc, aii<l <>t

I ISl;ll|l(|^•ll^il|;.' cii^liiH' ; in llic l.irrncr liic xMisiLU- (riiiliuiit ) licat, w liul

I iiiitaiiifij ill llic Mtt'iiin iiliovf tlic tciii|ii'nilii!'(> nl' 'J12 iiinl i)C(!u--ii)ii'

(lie |)l'c,-<siii'i' ill <'Xi'('>ji 111' aliiici^|i||(i'ii' |i|-('>~!ii't'. liia\ lie ('Mli-'iilt'rci! li-

ilirccily (.••uncrtt'il into hum laiiii'al dii rl ; in llif lallcr (ilif cnniit'ni iiii

I njriiK') ill*' lalt'iil luat cunlaiiH'.l in llu- .-hani llii*iii;.'li rnnilcn-a-

lion oCllio ^tfuiii mill |iro<linMioii til' the vuciinin, i-. >o (o -^prak, iii'T-

icetly cunvtTlcil into aiii ntili/.c.l a." incfliuiiical t'lll'ct.
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MtKIHllisHI. TIm' pllCnOlllt'll.l bclolHiilllf to W llill is

l( riiH'<I liiii'iliclisiil ilH' to 1)1- rolisidrrcd jis ilu'llliiril iilidcr

the molt' ucnciiil title iiiolcciiliir clcctiicity. 'J'liry iiir,

how cviT, inh iiiit,ii.'<'ons|y .studied iis ii scpniiite cliiss or

sultdiv isioii.

For tlie |iuri>i)se ol disiiiiifuishiiiir this division (d' tli.'

one lonii of loree into two jsinds of niinifestatjon, the

(I'lni ' ni.iiinetisni ' niiu:hl l» • innplilied into iniiLTiietie

elect rifiiy. iiixl nioleeuliM' eh'ctricity h- eonsidcred to

^ \'oh.iie (H' ( 'heniicid eleei iici;\
.

'"'"1"'"
( Miii-netir rhvtrieity.

•'Tlieone el;iss of |»henonien;i heloni^s lo | he investimi-

lioh ol tlie inlhience ot nioleeniiir eh-etiieity npon the

eh'nit'iit.HA' <diisliiiients ol which coni|MMnid iniitter is

eoni|ioiHided. iHid the eircnnistiinces nndei' which thiit

iniinence ciHlses I liiise elcnienis to com hi le (M' lo se|),ir;ile.

The olher cl.i->s— ih.il of ni;i'_;nelic eh'cliicil\—helonns

lo the in\ esjiiiiiiion ol ihe inMnenee ol niojecnliir eU'clri-

t ii\ on the NJM'ions descrijtiions of c(ini|i.)nnd niiiller.

'I'lijl iniiunetl-ni is ii nmnileslalion <d niolccidiir (\(dl;nc)

elcctiiciiy, is show n l>y the loHowinu::—
FdiciKs Mmnitil nf (

'III niislrif,

I'liL^e !Mi. • A lillle coiisiihTiit ion will ^liow thiil, liiini

llie |iecnliio' n.itni'e ol the elect ro-d\ n;nnic force, a wire

carryini: a cnrrenl. Ii"nl into a sj)ir;d or helix, must pos-

sexx the |n"o|»erlies oT an ordinary niairneti/ed liar, its

extremilii's heinif attracted and repelled l»y the poles ol

a niaynet. Sinh is really i'onntj to he th" case, as may
lie proved Ity a variety of arranui'ments. anions which it

w ill he sidVicient t( cite the heantilnl lillle apparatus of

I'rotcssor I >e la li'\e: A »hort w ide ulass tnlie is [jxeil

into a cork rini,r of con'-iderahle si/e ; a little voltaic

liallerw consist ifi<_' ol a single pair of cop|ier and zinc
"
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•' |iliit<'s, is litt«'(l to tlif tnlif, iiiiil to tlicNc lilt' ends o| tlic

sjtiliil iilf soMt'lcd. ( »ii lilHiiii; the tiihc with dilnlr jicid

itiid t'oiitiiiu tilt' wliolf ill it Itirui'

Itii'^ili (d'w.itn-, iIh' helix will he oh-

stTvcil to iiiTiiiiiic it«it'll in llie nijiu;-

iielic tncridiiin, and on tri.il it will

he i'onnd to ohey ii liiiiunct held nt'iii

ii in lh('nio>t pert'cct iiiiinnci' iis loni>

iis till' ('III iciil rilfilliite>.*'

'• W'licii iin tlecliie eiirreiil is |>;i>se(l nl liiilit ;ini;It s lo

,1 |iie»e ol ii'oii or >leel. (lie liiller jic(|uiies liiiiuiM'l ic

|ioliiiit\ : (illiiT teiii|>oriiy or iMTiniinciit.

iis tlif ciise iiiiiy Im'. the direelion of the

riil'l'elit dftfriiiiliiliL'^ the |i()sition of the

pole^. This elli'ct is jirodiuioijsly incfeilN-

ed lt\ e;ii|siii'i the cillieiil to cij-eiiliite ii

iniiiihei' of tinii's round the itiir, w hich t hen

iici|i!ii('> e\ti;inrdiii;iry iiiau'iM'tie |M)wei'. A

|»iece ot suit iloii. Worked into llu' loiiii ol

ii hoi'se-shoe. ;ilid sih roiiliih'd hv a coil

o( conufi' will' eoxered with >ill\ or cotton

lor the |iiil'|iose ol ilisiiliitioii, riii'iii-'hes ;in

e.xcelli lit ilhist fill loll (»l the induct i\f el lei L:y

in this i'e.-|M(i : whtn tlic ends nl' the wire

iiiiiciiiioii with ii '«niiill \oltiiic !'iittcr\-

ol ii sinulc jtiiir ol [diiio. the iiuii in>tiiiitly hecoines -o

lijohh iiiiiiiiict ic .1^ 111 he ciijiiilde ol siisi iiiiiiiiii ii very

lie;i\ \ wciuhl.

A ciirrciii otCh'ctriciiy <iiii i hii>. de\ elo|t niat:iictisni in

a transst-rse direct ion ioit>owii; in the siinic manner

• re jilll llllo coliilil

aunctisiii ciiii call into ii( tuny electric ciirreii ts. Itth

t w o exlreinit ics ol the coil ol 1 he elect lo-niauiiel iihoxc

•lescril»cd l>e connected w ilh ii l:;i1\ iiiioseojie. iind the iron

nia!.nieli/ed l»\ the ii|t|diciit loii of ii iiernianeiit steel

horse-shoe niauiiet to the ends ol t he l)ar, a nionientary

current will be de\e|o|ied in thewire, ;ind poiiited out by

the iiio\cin<-ii (tithe needle, it lasts hut a siii«ile insiiint,"'
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" tlu' ii('('<lh» rctniiiiiij,' iilh'i' a few »tscilliiliuiis (on slnjo o(

n-st. ( )ii rciiKtviim the iii;i<rin'l, \\ lificliy tlic |i<»laritv <i\

t!i«' irtdi is !it oiHf tli'^tiuycil. n sccoiiil ciirit'iit or wavr

will In'i'oiiit' a|i]iai'i'iit. I)iii ill \\iv op[)osit<> <lii-(>clioii to

that ol till' iiist.

r.\ •'ni|t!oviiiir a \t'rv ihiwciI'uI steel magiiet, siir-

loimtrmir it< iron kee|MT m- iiiinaliiic wiiji a vrry

Iniiur (-nil ot wire, anil tiieii makiii!,' the armature

its«'ir rotate in I'ront oltlie liiees of tlie iiiaunel, .s»» that iit

nolarity shall Im- ra|»i<lly reversed, niauneto-eleetrie eiii-

rtMits niav In- iirodnced, ol'siu'li intensity as to LMve hriylit

K{ irks (mhI iiiost jtowerliil shocks, iiihl e.vhiWit allthejdie-

iioniena oj" voltaic e!ecfri«'ity. I'ii.'. 'ri reinesents u vt'ry

luiweil'iil arranirenieiit ol'this kind."

** WluMi {woco\«MV(l wires lire twisted together or laid

h'lU' hy side liir some ilistancc, and a current transmitted

ihroiiuh the one, a momentary elect lieal \\ii\e will Im»

induced in the reverse direction, and on hieakini; con-

nexion with the haltery. a second sinyle \\;i\e w ill hecomo

evident liy tiie aid of the galvaiiosi-ojie. in the saiin*

direction .is that of tlie primary current."
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Laf(hin\'i Xdfiirdf /'/////;>/./)////. _M;iirii(>| ism Uy indue,,

liftii.

(!(•:»).) ** SiiJ^ ii-i)n trtftJcrnl ffnipiirfiriftf iiia(f)irtir. If

llic |M»lrs of ji liiJimi.t, this l)iir will itself liredliie jin-

I liiili'ly miiLnietie. It will niiiiiiltst a neniial line iitui

t\\(» jMiles, tliiil pole wliieli is in contact with tin' magnet
beini: of a contrary inline to the |H»le which it touches.

Thns if J. /;., |.'ij.r. |(j-j, he the hm- (tf soft iron whicji in

1>rouu;lit in contact with the liorcal pole h. of the niai;net

ii.li., then .1. will he the ansira! and /». the horeal i)(»lt^ •

of the War ol' soft iron thus rentlered numneiic hy contact,

mill //'. will he its e(|uator. which, howi-ver, will not he

the iniililjc of tin; har, hut nearer to the point of • on-

luct."

c
x: J L_

H

Fiu'. ir.'j.

<' 'IThe state of the har .1. />. can he rendered e\|n'ri-

iiM'iitally manifest hy any of the tests already e\|daim'd.

If it he rolled in iron lilinus. iliey will attach theinsidvcH

in two tnlts separated hy an intermediate point which is

' Till term uii-lral i~ ti|i|ili(Ml (liy I.io'iliwr. Id.'dit In ilic pule of lli<'

init'.'iK'l v\liii'li |i<iiiil« l'>uar<|s llu' iiniili |i>ili' i'\' (lie rikilli, uihI liuintl

111 lIlc . i|i|((>«ilc |Mi|c 111' llii' lii:l:ilii't wliii'li pulils In l||i- Hulllh. 'I'lif

(•\|ili'.H.''iii|is Hi) ii|i|ilii'i| arc liirllillH likely rirallM' mi.-llliilrivlllllillli;.'.

Ill llir ca-c III' \ uiiiiiiiiiic clii'lnrily . wr cl'i iml think lliitli(iin

til' IWll lli-'lilll'l lillTC- cir I'lil'IIIH 111 InlCI' i", ill llil' |ilf.Hrlll r-iaU-

ill' Hi'iciililii' kiKiM It'I;,'!', niiii'Uiniialili', iili!iiiii.rii we hit (ilrcmirly

(il'(i|iiiiiuti llml tli(> lUi'l-i will III' tiiiiii.j I'M'iiiiially iinl t'l Mi|i|iiirl llial

tlii'iiry. Ill a|i|ilyiii^ llic humic llicury <>i' u niuihtii'iitinii nl' it to lin'

i-nsi' III' ina;{iu'tisiii llicri' wcnilil nut Im', us it .-(ciiis Id n^.tlif hiiiiic rra-

Hiiniililfiu'HS. Till' I'lU'l tliiit II foil III' wire wliii'li i^ i''iii'iiirtiiiL! viillaio

('k'l'lricily ili^plavs llii' |i!ii|H'rtic-' <>( u iiiaiiiet. (a-* in Dr la Ilivt-'H

n|i|iaratiis, i|t'Hiril>i'il iiy {'"mwiks) and lln> tail, r-iali'd (Ail. IH'M , hy

liiiriliH'r liiiii^'i'll'. lliat il' a n a^'iiaU' lie >livi<i<'>l raeli nf liii' parti in u

niMiplrli' iiiav'ii'i ill ilf ill (/.'•.. liavi.i;; an ei pi at or am I two |i<>lc'Sj, lakni

lojjnliiT contiiivirl hiu'Ii u mippnHilion.
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170 MAGNETISM.

tree from t]:em ; and if tlio test peiululuin (IG 17)* be suc-

cessively presented to diflerent points of the biir, the vary-

ing intensity of the attraction will be indicated."

'^ If the bar A. B. be detached from the magnet^ it will

instantly lose its magnetic virtue."

(10:31.) "It is not necessary, to produce these effects,

that tlie bar of soft iron should be brouglit into actual

contact witli the polo of a magnet. It will be manifested^

only in a less degree, if it be brought into jrroximity

with the pole without contact. If the bar A. B. be

presented at a small distance from tlic pole Ik, it will

manifest magnetism in tlie siune manner; and if it bo

gradually removed from tlie pole, the magnetism it

manifests will diminish in degree, until at length it

wholly disa}>pears."

( iCi^J-l.) " It might be supposed, from what has been

stated, that if a magnetic bar were divided at its ecpiator,

two m:!gnets woidd be produced, one having austral

and tlie other boreal magnetism, so that one of them

Wouhl attract an au.strul and repel a boreal pole, while

the other would produce tlie contrary attraction and

repulsion. This, however, is not found to l>e the cfise.

If a magnet be broken in two at its equator, two

complete magnets will result, having each an equator

at or near the centre, and two poles, austral and boreal;

and if these i)e auain broken, ofher magnets will be

formed, each having an e([uator and two poles as 1>efore
;

and in the same manner, whatever be the munber of

parts, anil however minute they be, into which a magnet

is divided, eacli part will still be a complete magnet with

an e«|uator and two j^>oles."t

* A small hall of iron snspoiidod liy a tibre of wilk. Tin.- liall \h

attractfil or rcpelU'il outut'tlio pcrpcmlicular when bronglit near to tlie

rospective poles oftlic magnet.

t We wonld suggest for consideration, wJicther sufficient prominence

has beeii given to the full signilicanee of this fact. The statement ia

definite and disti ,ct, and when fully appreciated a clearer under-
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(103'=;.) ''Efcd of indnction on hard iron or sterl.

If ;i bar of hard iron or steel be placed with its end in

5 -^ <

>T I- JW i._ OB r:^i«! r._iBB''~KO! rrem r-;-»3 riea <S*^ mma-^sia i_.sai r..-a« --.jBas :zjtisi i_x4 '- m "^

Ki L_a» nua '_jira 7/j»b c-jare \lmm

Fig. 2G.

contact witli a magnet in the same manner as has been
already described with respect to soft iron, it ..ill

exhibit no magnetism; but if it bo kept in contact with
the magnet for a considerable length o^" time, it will

gradually acquire the same magnetic properties as have
been described in respect to bars of soft iron, with this

diHerence, however, tl.-at having tlius ac((iiired them, it

does not lose tliem when detached from the magnet as

is the case with soft iron. Thus it would appear, tliat

it is not literally true that a bar of steel when brougiit

into contact witli the pole of a magnet receives no
magnetism, but rather tiuit it receives magnetism in an
insensible degree ; for if continued contact inipnrt

sensible magnetism, it must be admitted that contact
for shorter intervals must impart more or less magnetism
since it is the accumulation of the eU'ects produced from
moment to moment that the sensible magnetism mani-
fested by continued contact is produced."

(1(U2.) " A red heat destroys the magnetism of iron.

If a magnet, no matter how powerful, natural or arti-

ficial, be raised to a red heat, it will lose altogether its

standing of the cliaractcr of tlie magnet as Ijeing compounded of

magnets is at once obtained ; it becomes evident that the magnetic
effect of the whole is the collective efl'ect (or the sum of the effects) ot

the parts acting together, the effect of each particle augrnenting the

efllects of the others. Hence the molecular mode of the force becomes
at once distinctly apparent. The above illustration Fig. 2G is from
Fownes' Manual of Chemistry.)
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magnetic virtue.* The elevntion of teiTip«n*aturc and

the molecular dilatation consequent upon it destroys the

coercive force and allows the recondji nation of the

magnetic fluid. When after such change the mag)mt is

allowed to cool, it will continue divested of its magnetic

qualities. These etlects ina)^, however, be again imparted

to it by the process already mentioned."

M(«incti:^aiion of L'ujht mid Dia-niafjiictism.

Encyclopedia Britannica, Chap. 111., Sect. III.— '^ In

the year 184-5, Dr. Faraday discovered that when mag-

netic currents, or, as he expresses it, lines of magnetic

force jiass through certain bodies, they connnunicate to

these bodies a certain magnetic condition, whicli, iu

transparent bodies, is analagous to rotatory double

refraction and polorization, and which in other bodies is

the reverse of tliat whi(di takes place on iron, nickel, and

some other metals.

If a parallelopipjid N. S. n. s. of heavy flint glass, 2

inches square and A inch thick, and having no action on

polarized light, is placed,

as in the figure, on the

poles N. S. of a powerful

electro-magnet iV". C. S.,

and a strong galvanic

cniTent paSvSed through it

in tin; direction of S. X.,

the glass will neither be

attracted nor repelled, but

is found to have receiv<'d,

while the current is pass-

• (1695.) " It appears llmt, a magnetic bar wlicn raised to a reJ
heat does not lose its magnetism suddenly at that temperature."
And, when plunged into boiling water and retained there for ten
minutes, it loses a part of its magnetism, and if again replunged
another portion, and so on, but still retaining a portion after seven or
eight iiumersioas.
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ing tlirongh it, such a structure*, resembling tliat of

quartz ami certain fluids, ik» io turn the plane, of (i polatlscil

rwj in the same direction as the current. If the polari/ed

ray is transmitted tlirough tlie u])i»er and niider (iices I[.

G. no effect whatever is prodiu-od. The rotiition of the

]dane of polarization is fnmi h'ft to rifjht when tiie ray

enters the face .s\ n, and tlie ohscrver looks into the face

.». s., an<l from rir/ld to left when the r.iy enters u. s.,

and the observer looks into s. u. Tiiis is a very remark-

able fact, as the direction of rot:ition is the same in rock-

crystal and other bodies through wlnitever side the light

4>nters.

The intensity of the rotatory-force deptmds upon the

strength of the galvanic current, and upon the length of

the piece of glass. When the ray, by reflections at n.

and s. was made to pass three or Jice times through tin?

lengths, s. of the glass, theeffiictwas increased three or

five times, just as in rock-crystal it is increased by

increasing the thickness of the plate."

Faradaifs Biography , hj Professor TijmlaU.f

Page 84. " He showed thnt when a polarized ray

passed through his heavy glass in a direction parallel

to the magnetic lines of force, the relation is a maximum,
and that when the direction of the ray is at right angles

to the lines of force, there is no rotation at all. He also

proved that the amount of the rotation is proportional to

It is not quite apparent whether Sir D. Brewster means by this

statement that an alteration or ino'lifit'ation in the arrangement of the

material {larticles ol'the suhstance takes j)]ace in it whilst luuler the

influence of the magnet; sn[)posing the expression of'such supposition

to be inteniied, it is not, we opine, supported i>y the rv'iJencc of th«

experin\ent. On the contrary, the fact of the imniobi'ity of the par-

ticles in the solid glass is opposed to the acceptance of such supposi-

tion ; and, moreover, it is a reasonable inference that any such struc-

tural alteration in the matter of the substance would be directly cog-

nizable in other ways, and it is not shown that such structural altera-

tion lias Ijeen cognized in other ways.

t ' Faradav as a discoverer.'
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the length of the diiimagnetic tliroiigh wliii'h tlie ray

passes. He operated with liquids and sohitions. Of

aqueous sohitions he tried loO and more, and found the

power in all of tiuMu. He then examined gases; hut

here all his efforts to produce any sensihle action on the

polarized heam were iiiellectual. He then j)assed from

magnets to currents, enclosing hars of heavy glass, and

tubes containing liquids and aqueous solutions within an

electro-maynetic helix. A current sent throuifh the

iielix caused the plane of polarization to rotate, and

always in the direction of the current. The rotation was

reversed when the current was reversed. In the case of

magnets, he observed a gradual, though quick, ascent of

the transmitted beam from a state of darkness to its

maximum brilliancy when the magnet was excited. In

the case of currents, the beam attained at once its

maximum. This he showed to be due to the time required

by the iron of the electro-magnet to assume its full

magnetic power, which time vanishes when a curnuit,

without iron, is employed. 'In this experiment,' he

says, 'we may, I think, justly say that a ray of light is

electrified, and the electric forces illuminated.' In the

helix, as with the magnets, he submitted air to magnetic

influence ' carefully and anxiously,' but could not dis-

cover any trace of action on the polarized ray."

Page 90. ''Before the pole of an electro-magnet, he

suspended a fragment of his famous heavy glass : and

observed that when the magnet was powerfully excited

the glass fairly retreated from the pole. It was a clear

case of magnetic rcpuhion. He then suspended a bar of

the glass between two poles ; the bar retreated when

the poles were excited, and set its length eqnatorialhj

or at right angles to the line joining them. Wiien an

ordinary magnetic body was similarly suspended, it

always set axialhj, that is, from pole to pole. Faraday

called those bodies v/hich were repelled by the poles

of a ma^piet, dia-magnetic bodies."



MAOXKTrC FORCE. 175

Page 91. '' Soon nUvr \\v, liad ooinmonced liis rosearchets

on <lia-niagnctisni, Faraday notiotid a ivmarkaMo pheno-

menon wliich first crossed my own path in tlie following

way : In the year 1S49, while working in the eahinet of

my friend, Professor Knohlanch, of Marhurg, I suspended

a small copper coin between the poles of an electro-mag-

net. On exititing the magnet, the coin moved towards

the poles and then snddeidy sto]»ped, as if it had struck

against a cushion. On breaking the circuit, the coin was

repelled, the revulsion being so violent as to cause it to

spin several times round it^s axis of suspension. Asilber-

(jroschcn similarly suspended exhibited the same deport-

ment. For a moment I thought this a new discoveiy

;

))ut on looking over the literature of the subject, it ap-

l)eared that Faraday had observed, multiplied, and explain-

ed the same «'iiect during his rese^irches on dia-uiagnetism.

Ilisexplanation was based upon his own great discovery 6f

magueto-eh'ctric currents. The effect is a most singular

one. A weight of several pounds of copper may be set

spinning between the electro-magnetic poles ; the excite-

ment of the magnet instantly stops the rotation. Though

nothing is apparent to the eye, the copper, if moved in

the excited magnetic field, appears to move through a

viscous fluid ; while, when a flat piece of the metal is

caused to pass to and fro like a saw between the poles,

the sawing of the magneti*; field resembles the cutting

through of cheese or butter. This \\xt\\'d\ frictmi of the

magnetic field is so strong, that copper, by its ra[>id rota-

tion between the poles, might probably be fused. We
may easily dismiss this *}xperinient by saying that the

heat is due to tlie electric currents excited in the copper.

]>ut so long as we are unable to reply to the question,

' What is an electric current V the explanation is only

provisional. For my own part, I look with profound in-

terest and hope on the strange action here referred to."

W I
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Mngnctie Curves.

Fii-. 4o7.

They will be observed to effect a peculiar arraugemeiit,

corresponding with and indicating the neutral line or

P«piat()r and the poles of the magnet, as represented in
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Fijr. 4-'>'^, wlioro K. Q. is the r(^tiator, and A. and 11. tliu

poles of tlif nia^iiet."

Fig. 4oS.

(1017.) " Vdfji'mff intensify nf nin</n<'tic force indteated

hf a pcmhtlnm.—The varying intensity of tlie attrac-

tion of ditU'rent parts of the surface of the magnet may
be ascertained by presenting such surface to a small ball

of iron suspended by a libre of silk so as to fonn a pen-

dulum. The attraction of the surface will draw this ball

out of the per|»endicnlar to an extent greater or less,

according to the energy of the attraction. If the equator

of the nnignet be presenied to it, no attraction will be

manifested, and the force of the attraction indicated will

be augmented according as the point prestMited to the

[>endulum is more distant from tlie equator uixl nearer

to the pole."

(U)IS.) " Curve re-presevtimi the varying intensity.—
This varying distribi'tion of the attractive force over

the surface of a magnet maybe represented by a curve

whose distance from the magnet varies i)rojK)rtionally to

the intensity of this force. Thus, if, in Fig. 4-59, JJ. Q.

be the equator and A. and 13, the poles of the magnet,

the curve E. C. D. F. may be imagined to be drawn in
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such a milliner that the (listiiiiee of its several parts from
the bar E. B. shall bo everywhere projiortlonal to th«

attractive force of the one pole, and a similar curve

E. C. n. p. will in like manner be proportional to the

varying attractions of the several parts of the other pole.

These curves necessarily touch the magnet of the equator

J?. Q., where the attraction is nothing, and they recede

from it more as their distance from the equator increases."

Encyclopedia Britannica, Chapter N'iir.

Skct. III. " The generiil form
of the magnetic curves is shown
in Fig, 49, \^'here they are seen

converging to the two poles N.
and S. of tlie magnet K S., and
changing tlieir form with their

distance f'nin the magnet.

We [have already stated that

iron filings, arranged by the

action of a powerful magnet,

N s aftbrd the finest experimental

illustration of the magnetic curves. The best way
to do this is to stretch a sheet of paper tightly over a

wooden frame, and i
ace it horizontally immediately

above a powerful magnet lying on the table. Fine iron

filings are now to be shaken through a gauze bag upon

the surface of the paper. When the filings are thrown

into agitation by gently tapping upon the paper frame,

they will dispose themselves into regular lines, stretching

from one pole of the magnet to the other, and following

the course of the magnetic curves and exhibiting them
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Vh

n

Fig. 00.

bcnutifiiUy to tlic eye. This (dUn't is sliown in th**

annexed Fig. 00, wliere N. and S. are the ptdes of the

miignet N. S., m.u. being tlio

mean hne where no liliiigs ad-

her<!. The same arrangement

is also produeed wlien tlie mag-

net is held abovt! the paper

containing the filings.

In the case of iiiduc(Ml magnetism, the steel filings ar-

range tliems(dves in curves round the iron on which the

magnetism is induced, as sliown in Fig. 01, where the

small bar of iron is in contact with the north pole N. of

a magnet, m. n. being the mean line which separates the

two opposite actions of the little iron bar. When the

little bar of iron is placed at a dist-nce from the njagnet

N., as in Fig. 02, the filings arrange themselves as in

that figure, m. n. being the mean line as before."*

TV
'

'^'^i-'iti-A'"''

Lar(Jncr''s Natnml VhUosoplnj.

(1702.) " The eledrophoms.—A small charge of free

electricity may by the agency of induction be made to

produce a charge of indefinite amount, which may be

imparted to any insulated conductor. This is eft'ected

*For further illustrations of magnetic curves, see Appendix.
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1

Fig. 49:j.

by tlic «'l«'ctr()[»li(>riis, jiii liistniinciit ooiLsistiiii; of a cir-

ciiliir cnkOf foiiipoMod of ii iiiixtiii*' of wlu'llac, rrsiii,

and \'«'iiii!o tnqH-iitiiu', cast in

a till iiioiild, A. li,, Fig. 4!):J.

('{Ktii tiiifs is laid a circular me-
tallic, disc ('., rather less in dia-

3 iiu'tcr than A. Ji, having a glasa

handle.

IW'foro a[)plying tin; disc C. the

resinous surface is electrilied negatively l>y striking it

several times with the fur of a cat. The disc C. being

then applied to tiio eakis .1. Ji., and the finger l)eing at

th(! same time pressed upon the disc 6*. to establish a com-

munication with the ground through the body of the

Hperator, a decomposition takes place by the inductive

action oltlie negative tluid on the resin. The negative

lluid esca[>es from the disc C. througii the body of the

operator to the ground, and a positive charge rema'us,

which is ]>revented from passing to the resin partly by

the thin film of air which will always remain between

them—even when the plate C. rests upon the resin—and

partly by the non-conducting virtue of the resin.

When the disc C. is thus charged with positive electri-

city, kept larent on it by the iuHuence of the negative

lluid on A. B., thefmger being previously removed from

the disc C, let it be raised from the resin and the electri-

city upon it, before dissimulated, will become free, and

may be imparted to any insulated conductor adapted to

receive it.

The charge of negative electricity remaining undimin-

ished on the resin A. B., the operation may be indefinitely

an insulated conductorrepi lay

charged to any extent, by giving to it vhe electric fluid

drop by drop thus evolved on the disc C. by the induciive

action of A. J^."

Keeping in mind the relationship of the several physi-

primary force,cal forces us ' forms' or ' modes' of the one
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..tlio significiinro of tlu; result thus obtaiiUMl l)y tin*

inductive uctioii of tin; idrclroplionis, in connection

with the otlicr ol)s«'rv«.'(l facts of volumetric electricity,

iniiy be left to the nttentive consideration of the reader

without further comnient than to note that herein wt; havt*

a mode of disturbance l»y which a contimious and inex-

hnustihh^ »'>l>ply "* ^''^'^ force can be (and is) obtained
;

inexhaustible, because it consists in a conversion of latent

into free force, which, being removed, is replaced froJii thf

common reservoir of force, into which, again, that (|uan-

tity removed from the surface of tiie material body, must

necessarily find its way, ... It is, therefore, a continuc^us

circulation of force, which force in its circulation is cap-

able of producing by its action, an unlimited amount of

oflect on material bodies; ... meaning tliere))y, an elll-rt,

in its extent and character, proportional to the (pwintity

and inte!isity of the force, iipon an unlimited rpiaiitily oi

matter.

Having now brought together, from the record, a suffi-

ci(!nt mnnlier of the natural (observed) facts to jlhistrate

the relationship of the several forms of force ; it i» desi-

rable to particularly caution the reader wiHi respect ik

the relation of m».tter and force, . . . On t e on(! hand,

not to invest matter with imaginary proper! whicli do

not belong to it, and ... on th<! other hand, not lo cvn-

found reasoning by doubting the reality of those proper-

ties and characteristics which do belong fi ni.itter, and

things material, and which disi iguish it from spirit ..wd

things spiritual.

Jn a scientific sense, i.r., a correct sense, the meaning

attached to matter should include all those things whicdi

we clearly recognize as belonging distincitly to matter

i.e., to that which is so-called), and should intdude

nothing else; consequently the word 'matter' should

be a collective expression for those properties and char-

acteristics of which it consists ; and therefore, to fully

and correctly apprehend and describe all those properties
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iind cli.'iractoristics which pertain to matter^ is to give a

coinpiTlieiisivo and correct definition of tiie word
' matter.' A dis))ute, controversy, or ari^nnient, as to

certain of the projK'rtic!-" aHeged on the one side and

«|nestioned on tlic other, to belong to niuffcr, \s a dispnto

or an argument as to the correct definition of the word,

and which defmition, if sliown to be incorrect or defec-

tive, may bo amended accordingly. To deny the exist-

r'nce or reality of matter is sini[)ly folly ; for why sliould

not the word 'matter' be as good as any other word to

denote those things or that class of things which nnist

be denoted by some collective expression.

IJut if we are jnstilied in the generalization with

respect to the various physical forces which has been

now put before the reader, the question then suggests

itself, whether matter is not also referable to tlie primary

force ; or, in o\\\ov words, whether matter is not itself a

form of force, d' tiering only more essentially from each

and all the other forms of force, known to us, than those

other forms of force dilfer from each other.

The supposition being entertained, accordingly, that

matter is, humanly speid^ing, a distinct fundamental ibrm

of force, dillering from that fundanuMital or collective

form which we have denominated Electric Force.

The relationship may be thus formulated :

Force.

Electric Force

Matter...

Compound ]\[atter

I^lectric Force. . .

.

The various descriptions

of compound matter, i.e.,

the chemical varieties of

matter.

The various conditions or

states of matter, c.g.,i\\(} solid,

fluid, or gaseous condition

;

... a state of motion, or,

restraint from motion, &c.

If we adopt this as a theory, or assume it to be an

approximately correct explanation, we shall find therein

cause to 1jok upon matter as particularly connected witk



NATf UK AND KEALITY. 183

oursolvos, beoiuiiso entering into t»ur organization ashnnmn

biMiigSj and aj)[K'iinng to our nuiterijil jrmisos to constitute

vafurc. (Constituting, in fact^that which wo trnn nature.)

IJut, viewing tlie subject in tliis relationship, we are able

to perceive that . . in a s[)iiitnal Tor universal) sense . .

we ought to consider matfcf, {i.e., the material world) as

comparatively artiiicial, by which we mean, as a restricted

and liuiited tbrn» of that which is in its primary nature

unrestricted and unlimited. Or, to express the same

meaning otherwise, we ought to consider that those

forces . . . vvliich in a universal or celestial sense may be

termed, in tlieir primary vimd\\km,n(ifnr<d. . . are in the

material world materialized and adapted toa particular and

limited purpose . . , that [)iirpose including a special res-

triction witliin certain delinite limits and boundaries, of

forces which are in their primary nature unrestricted and

unlimited. Botli are actually existent . , . the spiritual

and the material . . . and both are conscMpuMitly real. It

would not, therefore, be correct to speak of the one as

the shadow o+' the otlier ; nevertheless, the material

reality being dcsrived from the spiritual, and being limited

and restricted to certain conditions, the material reality

does rrpn'snit the shadow or the rellected image (so to

speak) of the unlimited spiritual reality of which it is

(may bo said to be) a niodilication. We believe thaf the

form of self-deception or prejudice called ^materialism'

has now (in a greater or lesser degree) so strong a hold

on the minds of even educated persons that it will, at

first, api)ear to many like stating a paradox to make the

assertion that the actual inver-relati«)n of spiritual and

natural reality is such that the material world {i.e., matter

in all its forms constituting that which we call nutnre,^

occupies a relationship to the spiritual world somewhat

akin to that which the shadow bears to the substance.

We believe that to many tins will be calling upon them

to reverse their preconceived notions about natural

reality j but it necessarily follows that such is the char-

—, -.1— -... ..
-Yin
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«cter of the actual relationship between ^ material ' ami
* spiritual ' reality, if the explanation we have giv«!n of the

nature of the physical forces and of matter, be accepted

ns approximately correct, . . . and we say that, by the

rul(!sof sound science, that explanation must necessarily

be so accepted.

Note.—To those persons who are desirous to correctly

understand this relationship and who find a ditliculty in

following the argument, we wish to point out tlie neces-

sity of carefully examining, in the first instance, the pre-

-cise value of tiu^ meaning which they themselves attach

to the most prominent terms lune made nsc; of, and

^.'specially to the words * nature ' and ' matter.' Tiie

word 'matter' having been defined, the entire argument

or explanation of the subject migiit be very well put in

the form of a definition of the word ' nature,' or, on the

•other hand, the meaning of tlie word 'nature' may be

restricted and limited to that material sense in which it

is usually understood and used, but if so, then, let those

who use it in that sense be iiiir'dful that its meaning is so

restricted, vix., tiiat it is used in a material sense only

and not in a general or absolute sense.

It may assist some persons, perhaps, to suggest the

use of the comj)ound terms ' Material-Nature ' and

* Spiritual-Nature,' It may be then understood that

' Material-Nature ' belongs to a part of creation having

u special and distinct purpose
f
and being, therefore, an

adaptation, in wliich tlie pro]ierties and characteristics of

the elementary parts are limited and restr'cted by special

and distinct laws framed expressly for the uniform and

harmonious regulation of those parts under the limiting

and special conditions to which the material world was

to be subjected, it may be apprehended without much
ditUculty that ' Material-Nature ' is, in a more general

or spiritual sense, artificial; because it is an adaptation

havnnr a special and limited character : nevertheless, be

it carefully noted that, all the parts of this distinct imrt
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or creation {i.e., of the mntfiiiil world, oi- of ' initiire '

i,.s

usiutlly uiulerstood,) are real and true, not only in a
jiiaterial, but also in a spiritual sense.

The plan upon whieh this distinct part of creation is

arranged and the laws by which it is regulated...
although arbitrary in the sense of liinitii^g and "re-

stricting the elementary and compounding parts to the
eonditions assigned them in the plan, . . . are not to be con-
sidered arbitrary in any other .sense; there is no reason
whatever to infer, audit is not to be inferred, that the
reality and trurli of the material world are not in har-
mony with, or that they are not a part of, tin- reality and
trath of the spiritual world.

We come now to the conclusion of a work which
conuneuced with a reference to tin^ autiior of the ^ great
iustauration.' The purpose of this our undertaking's in

a great measure the same as that which he had in°view,
.nauu;ly, to separate sound and wliolesomo knowledge
from the pernicious influence of tliat corrupt philosophy
.nud unsound knowledge with which it was then, as it

is now again becoming, more and more, contaminated.
:\ruc]i of his work was almost necessarih', and most ad-
vantageously, occupied in teaching the method of scien-
tihcally classifying knowledge. . . i.e., of separating and
arranging, into an available and useful form, the hetero-
geneous and disorderly collection of knowledge which at
that time obtained. ]^r a long time past tliis part of
IJacon's system has been fully in use, and it is now well
understood and practised

; therefore, since it is needless
for us to teach what is already well known, the two works
will necessarily appear to differ very much in fbrni. "\\'e

believe, Innvever, that the method adopted will be found
on investigation to be essentially the same in both.

Ifowever this may be, we know, at least, that the pre-
sent work has been undertaken and carried out in the
same spirit in which we belie\e that his was accon:-

p
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l»lishecl, and we have tlie saino hope and desire that oui

work will commend itself to the acceptance of those for

whose benefitit is intended, which heexpressed and donbt-

less felt. We will, therefore, conclude by expressing,

i n his words, feelings which we share with liiin, and by de-

dicating, in his words, this our work, in all humility, to 1 lim

without whose aid and approval the wisdom ofthe cleverest

man is but foolishness. . . May Thou, therefore, Father,

who gavest the light of vision as the (irst fruit of creation,

and who hast spread over the fall of man the light of Thy
understanding as the accomplishment of Thy works,

guard and direct this work, which issuing from Thy good-

ness, seeks in return Thy glory ! Wiuni Thou hadst sur-

veyed the works which Tliy hands had wrought, all

seemed good in Tliy sight, and Thou restedst. But when
man turned to the works of his liands, he found all vanit

and vexation of spirit and experienced no rest. If, how-

ever, we labour in Thy works. Thou wilt make us to

partake ofThy vision and Sabbath; we, therefore, humbly

beseech Thee to strengthen our purpose, that Thou mayst

be willing to endow Tliy family of mankind with new
gifts, through our iiands, and the hands of those in whom.

Thou slialt implant the same spirit.

^

I
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Hiiri/cliipcilid Jiritaiiincd, C/kiji J'fL, Sec, IJf., Art.

MaifiutisDi.—Dr. lloget gives the following iiitorostiiig

iiC(;omit of tlio y>li<MioiiuMi<i wiiicli tiike pliico by ooiitiim-

iiig lO itgifiito tlic liliiigs wlieii tliey .'ire arrangeti, as in

- ig. ).. :

—

•' JJy contimiiug to tap upon tlie paper," says lie, " the

lilings arrange thi'niselves still more visibly into se^tarate

lines: l>;it here a eurious and perhaps iinlooked for phe-

nomenon presents itself. The lines gradually move and

recede from the mognet, appearing as if they were repelled

instead of attracted, as theory would Iea<l us to expect.

This arises from ti.e circumstance, that each particle of

iron, or (duster of particles, is tin-ewn up into the air by

the shaking of tlie paper, and, while uns\ipported, imme-

diatelv turns on its centre, and accjuires a position Uiore

orlcss ol)li(iue to tlie plane of the paper. This is shown

in Fig. -5:}, in which / , >
, , ,

,/

,i/. rc[)resenrs n sec-

tion of tlie magnet,

J\ J', a section of the

PC.
\ I

l3P

uaner, aiK 1 ,/: ,/: th Fig. ry.].

position of the filaments of iron thrown up into the air.

The end of each lilainent nearest to the ip gnet is thus

turned a little downwards, and the filament falls upon

the pajxM- at a ])oint a little more distant than that wliicii

it hefoie oci'upicd ; and thus, step by step, it moves far-

tlier and i'arther from the magnet, till it reaches the edge

of the papei', and falls ott'.'"

" Wlieii tlie magnet, instead of being beneath the

paper, is held above it, the (Mlect is just the reverse. \u
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je

Fig. U.

tli:s liittt'i' case, the lower ends of tli.' liJaineiits having a
tt'iKlt'iicy to tiini to-

wards the Jiiaguet, m.

tho filings gradually —J
collect under it, when
iiiiule to dance [)y the

vibrations oftlie pa-

lmer, instead of falling outwards as they did before. This
will be seen from Fig. o4, where the letters June the
fNime indications as in Fi<r. -3-'3."

" A ditlerent set of magnetic curves is produced when
iwo similar poles, for exam]>le, two north poles, as shown
ill Fig. 5o, (PI. II,) are placed near each other. These
curves are called dhrrrjnnt curves, and may be exhibited
by iron filings like the convergent ones.

Dr. Roget ins given the following expeditious method
of delineating a great number of magnetic curves, related

\o the same distance between two magnetic poles. He
describes from each pole N. S., Fig. -jd, as centi'cs, the

e(jual circles or semi-circles .1. A., B. L\, with as large a

radius as the pai»er will allow; and dividing the axis

produced till it meets both circles, he iiiarks viY, on the

circumferences of both circles, the points where they iiie

cut by perpendiculars from these points of division ; then
drawing radii from the centre of eacli ciivle \'o the divi-

iiions of the respective circumferences, the lupcunl inter-

sections of these radii will give diflerent sets of points

mdicating the form of the magnetic curves which pass

t!n-ough them. Fig. ofJ, (Wate I I.) These curves are,

in the present case, cojuposed ofa succession of diagonals

of the lozenge shaped interstices formed by the intersect-

ing radii, as siiown from convenjcut cin'\-es in the upper
half of tlie Figure. In the case of (/icciyciif cur\es, in

Fig. 66, (PI. II,) we must take the other diagonals of the

lozenge shaped intervals between the intersecting radii ;

that is, the diagonals which ci'oss ilicse const itutini^- the

convergent cm'ves. This is shown in the lower half of

the Figure."
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k^KCT. 11.— Oy/ flf iiniliKll (irlii)H of M(Viii>'ts,

When a iioedlo is exposed 1o the eomhiiied iiclioii ot

'wo inaiinets, as shown in the iiiiiiexed l-'iuure, the phe-

loineiia, though ..ipidde of cidcMlatioii hy the ]tiiiici[»l»"i

iilready exphiiiied, art' exlieinely perplexing and coniph-

<'ated when stndied expeiinientally. Dr. IJobison, vvhi^

'irst discovered iind e\[»liiined these phenomena, lias given

sneli an interesting iicconnt olihem, that we shall ninkf

use of his description of the phenoin«'n;i, leaving the

f'.xjdanation of them to tin* next se<'tion on magnetic

•Mirvos.

Fig. 46.

''Two liirge and sliong nnigiK'ts, A. and TV., wtu'e

placed witii their dissimilar poles fronting each other,

and about three inches iipart. A small needle, supported

jn a point, wiis plnced between them at I)., an<l it

arranged in tlie snme iminner iis the great magnets.

Happening to set it oH'toii yood dist.-ince on the table, ti.i

.»t 7''., he Wiis surprisi'fl to si-e it imm»'<Iiiitely turn round

,»n its point, and arriuigc itself nearly in the opposite

-.lirection. lirinuinuit back to />. restored it to its tbrmer
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positidii. ('iii'ryiiig it ,ar<i(liiiilly out iilctiii; D. F., pcijH'ii-

(ru'iiliir lo ,V..S'., lu' ohscrvrd it to lu'conie sciisiWly more

f'»'«')(I(', \ iliiiitiiiy iiioi*' slowly ; find when in a (;oi't:iiii

jn>iiit, J'J., it liiid no [toliirity wiiiitcvcr towiinlsyl. jiiid J>.,

hut ivtiiiiicd iiiiy position tluit Wiis i>ivt'n It. Ciiiryint^' it

liiitlu'r oMt, it jiniiin acqniivd polnrity to A. and JJ,, Init

in the oi)[>osito chroction ; for it now aiTanu;«'d itsidl' in .1.

position that was [»aralh'l to N. S., hnt its north poh' w.ii

ii«'\t to X. ami Its sontli poh' to .S." # » <

Al'PEVmX TO KLECTUICAL INDUCTIOX.

!^ce Page 139.

From Lnr(Ji/(;r''s Natural PhUosophy.

(174-5.) "Reciprocal Inductive Ejfccts of two Comlcn-

ficrfi.—If a conductor A. communicating with the ground

be placed near anotlu'r conductor li, insulated and

diarged witli a certain (piantity of electricity E., a .sorios

of ellects would ensue hy the reci[)rocal inductive power

of the two conductors, the result of which will be ang-

mented in a certain proportion, depending on the distancj^

between the two conductors through which the indnr-

tive force acts."

(1747.) " The electricity developed in such cases on

the conductor .1. is sid)iect to the anomalous condition of

being inca})able of passing away though a conductor b;;

ajiplied to it. In I'act, tlie conductor ^1. in tlie preced-

ing experiment is supposed to be connected with the

eartli by conducting matter, sucn as a chain, metallic

(•(dumn, or wire. Yet the charge of electricity does not

pass to the earth t.s it woclti immediately do if tlie con-

(hu'tor 7>. were removed.

In like manner, all tliat portion of the positive fluid

P. wliich is developed on li. by the inductive action of

A. is held there by the influence of A. and cannot escape

even if the conductors be applied in contact with it."
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( I71>.; "Fill ilir/rirl/i/.— Klccti'icity, llicrcl

is (levt'loiH'd iii(lt'|>('ii(l«'iitly (triiHliictioii, or wliidi, 1

ore, w liifli

K'l I I'-

ll
ir.st uevt'loned l>v inped l>y iiliiction, is iiftcrwiirds lilnMiitcd lioiu

the iiuluctivc Jiction, is «lisrin,i;uislic(l uh yjvr elocf ririiv.

Ill the process iilmye di'scrihed, tliiit piirt of the cliin-iiv /'

of the condnc'tory/. wliich is expressed hy /;. mid which
was imparted to Ji. belbrc I lie approach of the condiicto

A., is ffir, and contiiuifs to he live after tl i<^ ap[>roa< h ol

A. If u conductor connected with the cartli he hroii.i-hi

n(o contact with Jl., this eh'ctricity E. w ill escape hy it

;

remain, so k»na' ashut all the remaining cliarye of Jl. will

the conductor A. is maintained in its position. If, how
large winch remain?ever, £. be discharged from JJ. the cl

will not be capable of retaining in the dissimulated si lie

so great a quantity of negative fluid on A. as before. A
part will be accordingly set free, and if ^1. be maintained

in connection wilh the ground it will escape. IfJ.bi;
insulated it will be cliarge(l with it still, but in a t

state.

ree

If this free electricity be dischar«>e<l from A. tl le

maining charge will not be capable of retaining in the

latent state so large a (|uaiitify of positive fluid on JL as

previously, and a 2)art of what was dissimnlated w Ml

accordingly be set free, and may ))e discharged.

In this manner, by alternate discharges from the one

and the other conductor, the dissimulated chargesmay be

gradually libeiated and dismissed, without removing the

conductors from one anothei' oi- suspending their induc-

tive action."

i:f j;('iK'icn V.

From Foiviics^ JJaniicd of Clumistnj.

"If glass, amber, or sealing-wax be rubbed with a dry

cloth, it acquires the power of attracting light bodies.,

as leathers, dust or bits of paper; this is the result of a
''
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••now 1111(1 |H'Ciirnir roiidifioii ot tlic IkkIv nibhod, (mIUmI

«'loctric'iil cxfitatioii.

If a light downy Icadicr be snsucndi'd by a thread of

white isilk, and a dry glass tube, excited by rubbing,

be jtivsented to it, the leather will be strongly attracted

to the tube, adhere to its surface for a few secojids, and

then lull oir. If the tid)e be now excited anew, and pre-

sented to the leather, the latter will be strongly repelled.

The same experiment may be repeated with shellac

i>r resin, the leather in its onlinary state will be drawn

towards the excited body, and alter touching, again

driven from it with a certain degree ot'iorce.

Now let the feather be brought in contact with the

excited glass, so as to be re})elle('. by that substance, and

let a piece of excited sealing-wax be jtresented to it

;

i\ degree of attraction will be observed far exceeding

that exhibited when the feather is in its ordinary state.

Or, again, let the feather be made repulsive for sealing-

wax, and then the excited glass presented; strong

411 traction will ensiu'.

The reader will at once se«^ the perli'ct parallelism

l>etween the eHects described and some of the pheno-

mena of magnetism ; the electrical excitement having a,

two-fold nature, like the opposite polarities of the

magnet. A body, to which one kind of excitement has

])een communicated is attracted by another body in the

opposite state, and repelled by one in the same state.

The excited glass and resin being to each other as the

Jiorth and south poles of a pair of magnetized bars.

To distinguish these two ditt'erent forms of excitement,

terms are employed, which, although originating in

some measure in theoretical views of the nature of the

electrical disturbance, may be understood by the stu-

dent as purely arbitrary and distinctive : it is customary

inifestedicity b.y posHh

vitreous, and that developed in the case of shellac, and

bodies of the same class, ncqotive or rcsinoxs. The kind "
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'• (it t'l«'c(ricity<U'iM'rMls in souw. mjiriiMiiiv iipoii the luitiiiv

oj'tlio siufnci;; siiiootli gliiss nihlxMl witli .silk, or wool
lu'coHit's onliimnly (xtsitive, lint wImmi uronnd or ronuli-

'•ncd l>y .siinc! or cnu'ry, if iM'((nir«'.s, nndrr the siiii.'

'irtMinistiinccs, a n('Uiiti\(' clmriic.

TIm' r.'pni.sion sliown l>y bo(li<..,s in the .siiiih' clcotrical

stiitc is taken iidvaiitng*' ofto constrncf, inNfrnnicnts for

indicatin.ir t'It'«'tricai cxeitt'inriit and pointing out itskin:!.

Two hidl.s of al(l«'r-j>iMi, liung by threads or very lliu*

metal wireH, serve this purpose in many eases; they
open out when exeitej in virtue of tlieir inntiud repii!-

wion, and show hy the (h-oree of divergence the extent
U> which the «'xeit«'nient has been carried.

" iir. ij

A pair of gold leaves suspended beneatiia bell-jar, and

'ommunicnting with a inetid en]) above, constitute ;t

much more d«'licate iirrange)nent, and one of great valuti

in all electrical investigations. These instruHients are

«'alled «'le(;trosco])es or elect lometers ; when excited by

the communication of a known kind of electricity they

.show, l)y an increased or diminished divergence, the state

o[' an electrilied body ))rought into their neighbour-

liood.

One kind of electricity can no more be developed with-

out tin; other than one kind of magnetism; the rid>l>or

and the body rubbed always assume opposite states, and

the positive condition on the surface of a mass of matter

is invariably accompanied by a negati\e state in all siu-

lounding bodies."
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Tlio iiidiu'tioii of iiumiicTisiii in soft iron liiis irs oxncl

counterpart ill elci'tricity ; i\ body already rloctrilitMi dis-

turbs or polariy.es tlie partieles of all surrounding sub-

.stances in the same iiiaiiner and accordinu' to tiie same

law, inducing a state o[»pos.!te to it;5 own in the nearei-

portions, and a similar stare in the more remote parts. A
series of globes suspended by silk threads, in the manner

represented, will each become electric by induction when
a charged body is brought near the end of the series,

like so many pieces of iron in the vicinity of a magnet,

the positive half of each globe looking in one and the

same direction, and the negative half in the opposite one.

The positive and negative signs are intended to re[)re>ient

t!ie states.

^
i^ .0+

Fiu-. (iO.

The intensity of the induced electrical (hsturbauco

(Hminislies with tlie distance from the charycd bodv ; if

this be removed or disciiarged, all tiie eliects cc^ast' ,11

unco.

So far, the greatest resemblance may lie tracc(| be-

tween these two sets of phenomena: but h -re it seems

in a great measure to c(>ase. The magnetic polarity of a

piece of steel can awaken ])()larity in a second piece in

contact with it by the act of induction, and in so doing

loses nothing whatever of its power; this is an elU'ct

completely dill'erent fn)m the a])prtrent transfer ov dis-

charge of electricity constantly witnessed, which in the

air and in liquids often gives rise to the appearance of a

bright spark of fu'e. Indeed, ordinary magnetic eliects

comprise two grou[)s of [ihenomeiia onlv, those namely

of attraction and repulsion, and those of iuducti<Hi. I'ut
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111 cloctriciry, in iidditioii tu i>1i(Mioiiioiiu very closclv iv-

sembliiig tlioso. we have Wu'viYi'ct^ot'disrlitoyr, to which
there is nothing jiiiiHogous in niag.!etism*, iiiid which
takes place in an instant when any ehictritied body is put
in conniiunication. WMth the earth by any one of the class

of substance's called conductors of electricilv ; all siuns

of electrii'al disrurbance Th(Mi ceasiiii!'.

These conductors of electricity, which thus penuitdis-

riiarges to take place tln'ongh their mass, jire t;ontrasr(>d

with another class of substances caUed non-conductor-;

or insulators. The (hUerence, however, is only one of

degree, not of kind; the very best conductors otler a cer-

tain resistance to tlie electrical discharge, and tlie most

))erfect insuhttors permit it to a small extent. Tin;

metals are by far the best conductors; glass, silk, shelhic,

and (h'v aas, or vapor of anv sort, the verv worst ; an<l

between these there are bodies of nil d<'grees of conduct-

ing power.

Electrical discharges take place silently and withont

<hsturbance in good conductors of snflicient size. liut if

tlie eharu'e l)e verv intense, iin<l the conductors vei'v

small <)r imperfect, \'ro]\\ its natmv, it is often destroyed

Avith violence.

Wlien a break is made in a conductor employed in

('fleeting the discdiarge of a higidy excited body, disrup-

tive en- spark-discharges, so well known, takes place

;icross tlie intervening air, provided tlie ends of tln^ con-

du(,'tors !)«' not too distant. The (dectrical s[)ark itself

])resents many points of interest in the modifications to

wiiich it is liable.

• May not tlio iiui^i.'.cto-ck'i'ti'ic iiuu'liiin' (i':);:o l!i^). whcveiii tli^'

jioIeK ot'tlic ai'iiiaturo in wliicli the magnetiirin is inilucod, are smiclciily

uikI eo?itiniiall> reversed in front ol' the majrnet. he consiilered a*

exliibiting a succession olMiscliarges (of moleciihir or magnetic elec-

tricity)? 'I"he wire, in that case, wliicli is coiie.l an innnense niimluT

of limes around the magnet, would rejiresent, or be aiinlogous to. tlic

c<Midenser aii<l conductor of the volumetric eiectri'ity,
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Tli(? rime of transit of tlio electrical wave tlirougli a

tliaiii of good conducting bodies of great length is so min-

ute as to be altogether inappreciable to ordinary mean.s

of observation. Professor Wlieatstone's very ingenious

<'xporiin«!nts on the subject give, in the instance of mo-
tion through a copper wire, a velocity approaching that

of light.

KltH!trical excitation is apinwciif o\\\y upon the surfaces

of bodies, or those portions directed towards other

objects capable of assuming the opposite state. An
insulate<l ball charged with positive electricity, and

placed in the centre of the room, is maintained in that

k^tate by the inductive action of the walls of the apart-

iiient, which immediately become negatively electriiied
;

in the interior of the ball there is absolutely no electri-

city to be fotmd, although it may be constructed of

open metal gawze,^ with meshes half an inch wide.

Kven on the surface the distribution of electrical force

will not always be the same ; it will depend upon the

figure of the body itself, and its position with regard to

surrounding ol)jects. The polarity will always be

highest in the projecting extremities of the same con-

ductitig mass, and greatest of all whe > these are

attenuated to points, in which case the inequality

becomes so great that discharge takes place to the air,

and the excited condition cannot be maintained.

THK KLECrRICVr. MACUINE AND COXI>ENSER.

The ordinary plate machine. Fig. 02, is thus described

l>y Fowne's: '^ Another form of the electrical machine

consists of a circular plate of glass moving upon an axis,

and provided with two jiairs of cushions or rubbers,

attached to the upper and lower parts of the wooden
frame, covered w-ith amalgam, between which the plate

irioves with considerable friction. An^ insulated con-

ductor, armed as before with i»oints, discharges the plate
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as it tun,., tk, n,|,l„,, i,,,;,,,, ^^ j,,^^ ,,,„^^,

vvuhthe g,.„,„„l by , ,«,|„.„,.k „c,|,„ ,„ac.I„„,. 1
'

a Strip of metal."
Lni.M,oi in

Fiir, (i3.

The most simple modification of the eleetriea! machine
IS the electrophorus already mentioned (page IsO)- ano-
ther form of (the electrophorus) is shown at Fi.. j |

contrived by Mr. John Phillips, of York, in which the
resnious disc is perforated and brass wires (^c.c.c. in

the Fig.) are inserted

tiirough the bottom
plate and have their

ends level with the sur-

face of tiie resin, so that

when the cover is put
on, commnnication be-

tween it and the ground

is established tln'ough

the wires. "With or-

dinary excitation this

instrument will yield loud flashing sparks two inches long
or more, and speedily cliarge ronsideralde jars. The

Fig. 11.
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<.'OV(.'i' cnu be easily eluirgeil aiul diseliarged tii'ty or a

liundred times in a minute, by merely setting it down and

liltin'^ it up as fast as the operator chooses, or the hand

can work. In charging ajar or plate, I place one knol)

of the connecting rod near the insulated surface of the jar

or i>late, and the other some inches above the cover
;

then the cover being alternately lifted up and sot down,

tlie jar is very (juickly charged."

THE CONDKNSEU AM) LKVDEN JAR.

(From Lardnvrs Natural I^htJosophi>.)

(1 7-5!>.) " The inductive principle which has supplied

the means in the case of tlie condenser of detecting and

<»xamining quantities of electricity so minute and so

feeble as to escape all conuuon tests, has placed in the

Leyden jar, an instrument at tiie disposal of the electri-

cian, by which artificial electricity may be accumulated

in rpiantities so unlimited as to enable him to copy in

some of its most conspicuous efVects the lightning of the

clouds.

To understand the principle of the Leyden jar, which

at one time excited the astonishment of all Europe, it is

only necessary to investigate the eflect of a condenser ot

considerable magnitude placed in connec'^ion, not with

feeble but with energetic sotuces of eleciiicity, such as

the prime conductor of an electrical machine. In such

case it would he evidently necessary that the coUectinir

and condensing plates should be separated by a non-

conducting medium ofsuflicieuk resistance to prevent tlie

union of the powerful ciuu'ges with which they would bo

invested. Let yl. I?., Fig. 4!J0, represent the collecting

j)late of such a condenser, connected by a chain A', with

the conductor E. of an eloctrif machine ; and let A'. B

.

be the condensing plate connected by a chain A", with the

;!r

,1"

I
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Lvt r. oxprvss tli,. ((Mantitv
of eloctiidty with which \i

•suporficiuhmitofthocoudnctor
^v. isdiariro,!. It fallows thi.t r.

will also expiuss tho/yvr oloctri-
city on every superficial unit of

\k' '|'*'t'ollectingph,te.l.Z,'.,.,ndoC

\
'""'total charge on each suner-
":''^'l ""it of A. B. f,ce an<l

II =

MVhen the machine ha.s been worked nntil . ce.se.

^ increase, the cha.^e of the pl.tes will h.ve .it -^^d'tsmaxnnnnK Let the chains K. .n^ JC ^^'^^^
removed, so that the plate. .1. JJ. and I'T?' 1,,,
^nsulatedj.eingcha.-,edwitluhe,nan;k\i^d^^^^^^
of contrary names expressed hv 7: and i-" " ''""^^

dearly into view, we l,,,ve I,,.,-,. pC ,,
'^

;;V;r"«o,.Knvl,„t ,Iiffi.re„t fro.n ,i„„ „ „-,„, !
" '*"'"^

...only e.v„i.i..., i„ ,„„.,.„, :..:,.;;,:;'':;!,,:';';:;;;

't -...trary kn.d,, on ,l,e o,,,,„si,,. fnee^of «,„.;„ „',.
,. n c„,, „et„, W ,„ea,. „, „,ei,,l ,„„!,„„„;, ;„"

„». I, lie glass, ,t „ ev„lei,t that flu, fi,,-,,, „f (,,„ „
«".! ol the tnetal in contact with it Inve no tn

*

the oliects. Neither !,,« tl,„ , i

mnuenco on

.-eta. any reiSiir. ;:::";:,::,:;,: i:::',"'^'
opposite faces are charge:,, ,„ay have t „ f 'l rcyhnderor sphere, or of a con„uo„ flask or hottie InT;.

Q
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'^ tli!^ iiu'tiiliii contact with it lujcd not he niassivo or solitl

plates, but merely a coating oC metallic foil.

ITuO. The Lciiden Jar.—In e.\[»erimental researclies,

tluirefore, the form which is coiumonly gifen

to the ulass, with a view to develop the

eilects, is that of a cylinder or jar A. B,

Fiir. ;')()(), having a wide mouth and a Hat

l>ottom. The shaded part terminating at

C. is a coating of tinfoil [)laced on the bot-

tom and sides of the jar, a similar coating

being attached to the corresponding part ot

interior surface. A metallic rod, terminating in a

ball D., descends into the jar, and is jointed (f) in con-

tact with the inner coating." (The flattened baseof the rod

icsts upon the inner coating at the bottom of the jar.)

17G:3. '•^ Expcrim <nital proof that the clicnu/c adheres fo

the (i/ass and not to the eoatiin/.—The electricity with

which the jiU" is charged in this case resides, therefore,

on till' glass, or on the conductor by which it passes to

the glass, oris shared by these.

To determine where it resides, it is only necessary to

provide means of separating the jar i'rom the coating

after it lias been charged, and examining the electrical

state of the one and the othei". For this purpose let a

glass jar be provided, having a loose cylinde*- of metal

fitted to its interior,which can be placed on it or withdrawn

from it at pleasure, and a similar loose cylinder fitted to

its exterior. The jar being placed on the external cylin-

der, and the internal cylinder being inserted m it, let it

be cliarged with electricity by the machine in the man-

ner already describtnl. Let the internal cylinder l>e then

removed, and let the jar be raised out of the external

cvlinder. The two cylinders being then tested by an

electroscopic apparatus, will be found in their natural

state, lint if an electroscope be brought within the

inlluence of the internal or external surface of the "lass

jar, it will betray the presence of the one or the other'*
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'" ;'"""".' '"'""' <-.''i".i,..,- ,„.,!,. lo ,ii i, „„„,,„,|,'

."»t-ln,,r i,: will b,. ,;,,,,,,,,,,,,,,,,,, ,,^,

'

''"'""'"'"'.'"'"" I''"'-"- "'' -H...i,v ,1 :

«.,mnu„,o,,t,„,,,I,..i,,t,,,i,,,.„,,,,H,o,..u,.,i,,,'
;

I "". It .» ,.V„I,..,„, ,lu.,-o(6,,., tl.lt fl,„ »,,„: „|- ,„„

citing, but tl,e, ,„(;,,„ „r,|,„„|.,ss,„„|,,.
if.-'

Fi-r. uOI.

iiiiil Jiijirrnctivo oxperinient li

AVo do not |iu,l .,„y ,.,.,,^^j.^, ^^j.
^1 "« V('r\' iiit(Mvs( 11!

The conclusioi 1 here stated d
.^rrated by tlie evidoiicc, nnd

'Vino Imvm fiirfhci- pursue. I.

o<'.s not i.|.p,..-u- to hedeiuoi,-

Jeust, be considered
It must, lor th

ytliis o-radiially witlidrawi

questionable and 1>0S! ibly

l»i'<'senr. at.

<lec(

til

thereof

''gone metallic cvlind

'ptivi

ne, the ellect wonld be to trausfrr the el
^ss vessel by distributing it evenly om-'i^e

er at a

'•»! the purpose of obt

'ectricity to the

surfa (Mi

'lining more deci,si\)3
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•'vidt'iirc ilic ('.\|K'iiiii('iit may )»»' thus t'oll(i\\t'<l :— (Fii,^

'){)].) Let two loosii i'yliii(l('r.-i of yliiss, oju'ii jit botli

c\uU, rt'}tr('SOiitt'(l jit //. I jiikI •.*, in tlic liginc, he pljK'o<l

ii[)ii;:lit, one inside the other, upon a jdato of glass P.;

and h't two cylinders of metal, /. and ()., not so long as

the glass cylinders, bo also [daced njn'ight on the glass

jdate, one of them, marked J. in the lig., inside the

sin iller glass cylindei", and tiie other (nu.'tal cylinder),

marked ()., outside the larger glass cylinder.

The apparatus Ymwg thus arranged, let either one of the

m(>tal cylinders l»e mach* to connect with the earth by a

conducting chain attached to it, or in some other

.suitabh' manner, and let the other metal cylinder be

then charged with electricity ; after which
; the cliiiin or

other connector may be detachtMl. Either one of the

glass cylinders may In; now n'lnoved and tested by the

electroscope. If it be found not to have brought with it

any <»f the electricity, it may be replaced und the other

glass cylinder may be removed and tested. Should it fur-

ther appear that the second cylinder had likewise brought

jiwav none of the electricity, tiie first glass cylinder may

1)0 then also reiUDved. If the distance between tin; two

metal cylinders is but small and the charge considerable,

the electricity will now pass through the air from tin*

one to the other, and tiiey will bo thus discharged, but,

on the one hand, the distance between the cylinders

mav be increased, or, the (|uantity of electricity supplied

to th<' apparatus may bo lessened, because a very sliglit

charge would sutlice to try the (juestion.* (.Mi the sup-

position that th(j actual result has not been as yet

<'.\perimentally ascertained, we opine that the electricity

* It is lieio iiitoink'il tor tlio oylimU'i's \o ho close to^^otlior so as lor

tlieir sides to Ite ulniosi in contact, but, wo would yng.s^cst that, I'V

taking cylinders diflering c(.>nsiderably in size, so as to increase the

distance between thei.i, St.inie other interesting questions might be in

thin way submitted to experiment. Tiie material of which th^

cy mders are composeil mlgiit be also\ai'icd.
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(itll of it) will 1)(^ fuiiiid, roiih-aiy to Dr. Lanliicr's

conclusion, f(t rt'niitiii with the metal (•yliiulei'.s,

Lardnera Xafiinil r/iihsoji/i//.

(I /(»•').) ^^ C/i(in/iiii/ a srrirs <>/ Jor.-^ hij Cusradr. Jii

charging a single jar, an unlimited numher ufjjirs, eon-
nected togetiier hy conductors, may l)e i-harged witli

very nearly the same ([iiantity of electricity. For tiiis

purpose let the series of jars be i»Iaccd on insulating stools

ixH represented in Fig. o()-J, and let ('. be metallic chains

connecting the external coating of each jar with the

internal coating of the succeeding one. Let/), be a chain

connecting the lirst jar with the conductor of the machine,

and I)', anotlier chain connecting the last jar with tin-.

ground. The electricity conveyed to tin; Imier coatin_<>-

of the tirst jar .1. acts by induction on the external coat-

ing of the lirst jar, attracting tlu; negative electricity to

the surface, i;nd repelling the positive electiicitv through

'/I

the chain (J. to the iimer coating of the second jar. This
charge of positive electricity in the second jar nets in like

manner inductively on the external coating of this jar,

attracting the negative electricity there, and rejx'llinsi-

the positive electricity through the chain C to the inter-

nal coating of the third jar; and in the same manner the

internal coating of every succeeding jar in the series will

be charged with positive electricity, and its internal

coating with negative electricity. If, while the series is

insulated, a dischai'ger be made to connect the inner

coating of the hrst with the outer coating of the last jar,

the opposite electi'icities will rush towards each other,

and the series of jars will be restored to their natural

state."

The word cascade, as used here to denote the move

!(
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jncMit or Iniiiisli'rciK'i' of'tlie t'lt'ctricity Iroiu (nic j.ir to tlic

iioxt, brloiigs to tlu' (material) lliiid liypotlu'siH of oloc-

tricitv and is an ubifctioiiahh' iiiodi; of t'.\i)rt'ssioii. Our

oltjcct, liowcvcr, ill (|ii(»tiii,u; tlie al)()Vo case jrst now, is

to suixiit'st that tilt' evidence of this cxpcriiueiit is(ij>jt()sed

to the theory of two eU'ctrieities (or two kinds of electri-

city) . . . for, how is that theory to be reconciled witli iJie

fact here shown.' namely, that positive electricity accu-

mulated on tiie inside (or outside) surtace of the one jar

is directly connected by the conducting: chain with

negative electricity accumulated on the outside (oi-

inside) sui'face of the next jar, and yet tlie supposed two

electiicities, having such a })owerful attraction each lor

the other, remain separate and distinct! For exann)le,

if we suppose the outside chai'ge of the jar marked .1. I

,

to be negative electricity, then, by the record, the inside

charge of the jar A. -J, is positive electricity, and

lietween these, comnuuncating, with both of them, there

is the conducting chain ('.

Theargumeut may sugii'est itself as a reply . . . Oh. as

to that, . . if you suppose only one kind of electricity you

are in precisely the same dilliculty. Ibit it is not >-o ; . .

electricity is comnumicated, we will suppose, to liie

interior coating of jar A J, this having distributed itself

over that interior sm'face acts by induction on the exte-

rior surface, drivi'iL'; out the electricity over the con-

ducting chain into the interior of the next jar, where it

distributes itself and acts inductively on the suiface ot

the exterior coating of that jar, as before, and so on.

Now this is (piite intelligible, because tlie fact has been

established ]>y observation of many other distinct cas(>s

that electricity has precisely sucli inductive action, and

the same inlluence of the free electricity on the one sur-

face, whicli drives out the electricity fi'om the other sur-

liice, will evidently, being still free and active, prevent

its ivturn, (and this applies to the ease of each jar.) It

is true that no theoretical reason, based on other and
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ilistiiift fiicf.x, ciiii 1)(' iit pnvsnif shown wliv elect ricitv

'should thus act imhicfivcly, it i.>iiii ohserved pniiicrty or

iiifhu'iico lu'lonuiii^ to thiit spiritual lorcc, and which
liciiiLT IsiiowM the explanation ol'ilie resnlt is (piiteintel-

liuihh'. We would ivniark, in (•on(dusion, that this case,

also, (loos not appear to have l'ecei\ed that share oi

attention, (Voni experimental investi<:ators, which the

very iiitere.stinuand [leL'uliar nature (so to speak.) ol the

plienonieuou in'.iies and calls Isir.

MOLKCULAi; I'U.ErTltirilv.

Tlio KnciiiJopcdid Jjrihiinnrd.

Voltaic Electrieity. Sec. I\'. On Uic jirni/iirfinii

(if Ll(/lif, Ih'dt (in<J Colli III! Viilliiic J'llirtriiili/. — Tlic

Ifjnllioi (if Wires. — "Jt was in Knulaud, however, tha'

the ealorilic and luminous eilects of the ])ilo were [>rinei-

pally developed, in Js|:], the innnense hattery of the

Royal Institution, composed of -JOOO coupl(>s, and

exposiuir :i?S;,()00 s(piare incdies, enaltled Sir II. Daw to

produce liiiht and heat of the highest intensity. When
the ends of tlu' wire fn no each [>ile tei'nnnated in iwo

chaix'oal points, Jie most dazzling light passed from the

one to the other, and continucil for several hours. Steel

wires and thin leaves of dillerent metals, were made red

hot and l)urned, and water was boiled l)y plunging into

it an iron wire two lec^t long and the one-hundredth of

an iiieh in tlianKJter, and phiceil hi'tweeii the poles of

the hattery. Plalina, sap[)hire. (piju'tz, lime, A'C, when

exposed to this source of heat, were instantly mtdted, aiil

Ihe diamond and charcoal disiippeared as if they were

completely volatilized. These effects were produced in

\acuo as well as in air."

"At the same time that IMr. Children was constructinu'

the greatest voltaic hatterv ever uuide, ])r. AVollaston

was occu[»ied in constructing the smallest. lie took a

small thindd(>, as we liiive already stated, and ha\ing
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roniovnl tlic Ixittoiii, lie lliitrmcd tUv. I'l'iii.tiiiiii!,' <'\liii(lt'i

till its sides were fiWout oiu'-sixtli of an inch disljiiil. He
tiuMi idiiri'd l)i't\v<'('ii llicsc two siii-Ciiccs n s'liidl [>l{it(! ot

/iiic wiiicli did ii(»l touch t'ithcr sid(» o( the thiiiildc. With

ii phitiiiiim wire nhoiit oiic-tbrticth of iiii inch loiiuf, niid

oiK'-thrccthousaiidtli of nii inch in di.inictci', h(^ united

exteruidly the [dtite of /inc. with this thindde ; and

wlien this litth' u;alviinic couph' was innnersed in acid-

niated water, tlie platinum wire ln'cmne red hot, and

was melted ! This inii»oitant residt 1(mI Dr. Wollaston

to the valuable conclusion, that in order to ohtain

powi'rfid calorific elli'cts, we imist increase the surface

<»1 the co[>per or neyative metal.''

'Mn I'epeatin^ the e.\[»erinionts of Dnvy on the li<>ht

developed by charcoal [loints, ]\Ir. liraiides discctvered

that this liyht, like that of the sun, allected the cotnbi-

iiation of chlorine and hydroLfen. and the decomposition

of muriate ot silver am
u

1 OtI ler l)o(hes.

JJymeansot' the powerful voltai<' battery which Dr.

Hare calls a (Ir/hif/yatitr, and which we lia\e already

described, this able chemist obtained some s[)lendid

results. A brilliant liyht, er[ua1 to that of the sun, was

produced between charcoal points; and pbimbayo and

charcoal wei'e fused * by Trofessors Silliman and ( Iriscom.

13y a series of ^* ')(), baryta was dctlayrated ; amt a plati-

num wire, three-sixtec'iths of an inch in tliickne>s, 'was

made to ilow like water.' In the experiments wirii

charcoal, the cliai'coal on the copper side had m
ajtpearaiice of fusion, but a crater-shaped cavity was

formed witliin it, iudicatinu' that the charcoal was vola-

lii- I'li-iiiii ut' uliiii' •u! |iliniili;i:;-(i lia- in

iiH'iin.- ilcM

iiccn, we

ili'il. Tin' volalilizalii)n 1)1' tlio.'-i'

1.0

1

fori

K'\0,

IIS 111

CUl'lKll

i8 Willi

may Ije nls(j con^'iilcri'il snppnsititioii-i ; conclusive eviileiic

tiiij: ; these ('.\|it'riiiiciits .-Imw merely that a siiperticial disiii

lejrratiuii ami a pai'tial innililiealiun of tlie solid is clU'cted, ami tliat

e of the |inrlicles separated hy the electric force are transferredom
ri'iii the one ( led rode to the otliei

i«
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tili/.rd iir this >i(|,.. jiiid tiMiisti'nv.l to tlic oilier, wlinv it

Wiis I'oii.lciistMl iiiid (dscd, tlu' piece of rliiireonl iil this

|>ile Ix'ini; doiim.tnl coiisi.lei-fthly. Thin I'lise.l eh.iiroiil

Ufis four tiiiies (h'lisei- thiiii hefore fusion.

" < )\viiiir to itx .superior coiKhictiiiir power, it coiit iniied

voltiiic iMirrciit will iiiaiiit.iiii in ji state of ineiindeseence

ii irroiitrr leni^'th of silver wire than of i>latinnni or iron
;

l>nt if we form a wire of short [tieces of silver and pla-

liiHim wire alternately, the piatinniu portion will hecoine
red hot, while tho silver ones remain cold. In this case,

tiic current which passes readily alon<r tluf silver wire,

encounters the (h'grec of ohstrucfion in tiie {datimim
whitdi produces the red heat. The fact is nodoidjt con-
nected with the very remarkable one observed by Af.

i'eltier, in the passaye of weak currents throuiih metallic

circuits, \\\\o\v (()/(/ was j)roduced at tin; jioints of junc-
tion of certain crystallizable metals.''

" Lirpdds, like solids, Avliich are the worst con-

ductors, are the HKtst iieaterl by electrical currents, a

residt arisin<r from the resistance which the curreni

experiences." *

'•While in statit; electricity, we have the interesting

phenomenon of tiie vlafrh' sparl-, already <liscussed in

tho article ' Klectricify.' We have in voltaic electricit\

sw«»5^—SS-

1'
ig. )'>.

* Tliiscniicliisioii niiiy l>o <;unMi<k're.l liypothetlral . . .i.e., mh opiui.ju

liusfil on hnjiidltenit ; ... it wuiiM Ik- U-ttcr tu siiy ' a rcsiill. wliich
iilijii'iirs (.. he cuiiiifcttd wiili a re. istiiiiee cxiiciiciicod hy ilie ,-iiii)-

|iu>C'il Clll'l'i'lit/
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tlu' Hi) li'ss iutcrcstiug plioiiomiMion of tlu' vultaio iircli,

which Wiis discovcrod by Davy. Ir is li^pivsonted at

//. J), ill tilt' aiuu'xcil liuuro, as pro(hicotl l)t't\vooii two

charcoal points i iiiclies (hstaut, iraiisiuittiiiu; a current

troin "JOOO pairs of zinc and co[>})cr, haviiii;' oach a sur-

face of 85 sipiarc inches charged witii aci(hilatt>d water.

It has tlie form of an arc convex above, and when tlie

most refractory substances were placed in ir, they

l)ecanu' incandescent, and disappeareil as if by evapora-

tion. When one ot' the points a. was chai'coal and the

other /*. pbimbago, the particles of I'harcoal wen- trans-

(erred in the state of vapour to the p,lund.)auo, tVoiu the

positive to the negative pole, and by interchangiug the

poles the plunibagt) was transported to the positive pole,

as first sliown by r)r. Hare.

T!ie ai>j)earance and length of the arc varies with the

nature of the cJrrfro<Jrs or points ti. I). l)ctween which it

appears. ?dr. (JroM' found that the longest and most

brilliant .ire, when shown in air. was produced when
the electrodes were potassium, sodium, zinc, mercury,

iron, tin, lead, aniiniony, bisimuh, copper, silver, gold

and platinum, tlie lirst giviiiy- the largest and brightest

arc, and the rest as in their order. Mr. (irove also

observed, tliat in vacuo the transported matter was in

the slate of nu'tallie ])owder when the medium was

hydrogen, nitrogen or a vacuum, and an oxide in air or

in oxyuen."

Sect. A'. On fjir (Ui(nii((tl]\ijtds<]fVuli<ii(:Elcetriillii.

"No sooner was this ai>paratus made known in Eng-

land, than ]\[essrs. Nicholson aiul Carlisle applied it to

chemical en([uiries. .Mthough A'olta had inlerred from

the shock that the action of the pile was electrical, yet

it was to the above en((uirers that we are indebted for

determining, i)y means of the revolving doubler, that the

Slid )• end of the batterv was in a iirqafirr, and the ^'i)if

end in a positive state of electricity. ]u the course of

their experiments, they ol>served a disengagement of gas
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wliicli suu'lt ol' liydroucii, tVoiii wnicr wliicli li.ippoiKMl

;<• lu' in llio firoiiit ; iind im the -Jiid ol'.Mjiy, \^W, rliey

discdvon'd lliat Wiitrr wiis dci'oiiniost'd into its cloiiuMiiv,

\ i/.., oxviioii and hydroiivii, wh.-n th,. water ronuod pari

r till- fireiiit bctwocii ilie jxisitivr and neuativc vmU o!'

lilt' i)ii<

'* The atii'iition of onr ilhi>tri(.iis eounirvnian. Sir II.

Davy, was ahont this tiint> attraried to the snitject. So
early as \>{)-J, he had made e.xperinH'nts on t he eh(>inical

• vuency of the pile: Imt in ]^0{;, in Ids fn-st l^akerian

Lecture, he was led to the eonchision, f/uif rhniiira!

(i/tracf/'iji and rcjiulslio/ inn j^rmhind /,// tlic ,<(i„ir nmsr,

(ictiiifl ni Ihc one (dsr on piiiiidr.-^, In f//c otlnr an hnis>i, .-,,

and ilui.f tin smnc pntjurhi, nin'cr (/i/rnnf drcHnislnnrf s,

.ras I'n.' ('(nc^r of nU tiir idninninnn ('.,],il,'il>d In/ dlj/, ,; nf

rsHnic onhin'j/'in/s."

"With a vollaie battery ol' -JIM) plates, he dei'oniposrd

-everal of the earths, and discovered their metallie has,-.

hurinni, ,s{nntliiiin, mhinm and nni(jni\sini}i."

''In n'solvinii' a eoniiionnd Ixxly into its element^.

h(|nidity is an essential condition of tlie !»odv. A plaie

ot iron, the sixteenth of an incli thick, ]>Iaced heiwet ii

llie two sides of |he jiile, will nIoji conijilciely the '.iio^t

powerfnl (dectrieal cnrreni."

"]>y an irrt>';istihle body of evidence. Dr. l\'iradav

lias established the imixtrtant pro[)()sition, 'thai the

choiiiieal power of a current o! electricity is in direct

pi'oporlion to {\\v abs(tliiie (juaniity which jtasses ;" and

^his is true ol' all Itodit's eapaliie of eliH'tro-cheiiiical

decomposition. 'l"he same eminent philosopher has aKo
dedui'ed. from a variety of fa. Ms. the following concln-

-ion
: 'that the (juantiiy of eiectiicit v, which, bein::

naturally associatt^d with the partitdes ol' m.itter, uix es

lliem then' combiiunu- power, is able, when thrown in

ii eurreiit, to separate these particles from their state

'ombiiiation
; (»r. in other words, thai the rhvtrirUn irlnch

(liroiiqxisis, nnd Unit n-hidi /> eriJcd tnj tin- dnmi'jio-

lo

of
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s!fi<in (if (I (I ffdiii 'juiiiiflfif of niftffry air (ililc.'' Accord-

ing^ to tliis tlicoiy, ' the ('(|iiiv;ik'i>t weights oC bodies iirc

siiiH>lv tli()S(> (|iiiiiititic.s of" tlicm which coiit.tin o(|iiiil

(jiijiiititics iA' ch'ctricit}', or hiivc iialiirally ctpiiil electric

[towers, it heiiiu' the clictririfi/ which detennines the

e(|tiiv<(UMit iiuiiiher, because it (h-reriiiiiies the conibiiiiiif!;

force ; or, if we adopt the atomic theory or phraseohigy,

tlieii tlie atoms oC bodies which are equivalents to each

other in their ordinary chemical action, have equal quan-

tities of" electricity naturally associated with them."

AC'OLSriC ruIiCK (.SOIND) AN'D klkctkicitv.

T'ii(i/cl(ij)aill(( Jh-if<(in)ini, (HI ilic vibratory movcmcnh

Kinl siiHi/ds pradiiccd In/ flic TJlccfrie Currents.—So early

as I
/">•'), the Canon (iottoin, ol'C^omo, a friend of Volta's,

()l)served that an iron wire, :>() feet long, when stretched

in tl'.(> open air, emirtcd a sound in certain states of" the

armosj)lien\ I'age, l)('le/emie, (Jassiot, and ]\rarienini.

ol)ser\-ed sounds from electric currents inider (liU'erent

fircnmstances : but ir is to Delai'ive that we owe tiic

most interestinn' e.\i>eriments on tlie sul))ect. \\'hen .'i

magnetic but umnaiiiieti/ed l)ody, such as iron or steel.

is placed in tlie interior itf a bol)l)iii, Ncry remarkable

rotary nu)vements are [)roduced l)y discontinuous cur-

rents passing through the wir(> which encircles tlie bob-

I'iii. Two sounds are always distinuuished, one a series

of blows or slioi'ks. like the noise of rain falling on a

metal roof, and the otiier nnisii'al. A mass of iron four

inches in diameter, and weighing '2-2 lbs., [)lact'd within ;'.

large tube. u:a\'e out a very clear and brilliant musical

sound; but tht> most brilliant of all are those obtained by

stretching on a sounding-board well-aimealed wires from

thre*' to si\ feet lonii'. and one-fit'teenth of an inc'i in dia-

meter."

" A remarkaitle \ iliratory mot ion jiroduced by el(>c-

tricity was obserscd I>y Mr. Fearn, ot" r>irmingiiam, in
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• lis ('Icciro-uildiiiu ('stiililisliiiiciii, W lieu ;i hr.iss tultc !

It'ot loiiy iiiid .\ inch wide in di.inu'lci- was |diiccd upon,

inul Jit I'iiiiit anulc to, two liori/.ontid and |taral!«d l)ras>

tubes !> H'cf lonn' and an in<'li in dianictt r, and the latlci-

coiUR'ctcd with a sti'onu' voltaic battery of from two to

twenty pair (»f laiLi'e /iiie and earl)on eh'inents, tlie trans-

verse tube innnediatelv be^an 'to vil>rate, and linallv to

)oll njion I he othei- two.

^Ir. (I. (iore, who rep»'a1ed the e.\[>erinient iMider

various cireinnstaueey, found tiiat when tlie resistance

was small and uniform, the rollin,L«' tid)e eontiuued to

move iu the same direction imparted to it; but (hat

wlieu the le.sistauces were not uniform, it continued to

toll backwards and forwards as lonur as the electric cur-

j'eiit was passing.

In order to obtain h continuous rolling motion,

•Mr. (Jore constructed the a[»paratus, where A. is a

circular base of wood proviiicd with two^loosc |-

or lioo[>s, /;. and C. about one thirty-lift h of

inch thick, the outer one beiiiLr onc-lbuitii ol an iuch

uls

an
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" liiglior rhiiu t lie other, ;iii(l both hriiigiiuitonn iiiid o(jiii-

(listant. F. is ii [terfoctly round thin copper bnll, hollow

;iiul equally thick, weiiihiiii; about GOO gniiiis.

When the circular base K. A. is made level, tlu^ l)al!

/''. placed upon the rails, and a voltaic current, copious

in (piantity and moderate in intensity, introduced at tlm

screws ]). and K,, the ball will begin immediately to

vil)rate, and increase its motions till it revolves upon the

rails. It revolves with e([ual facility in either direction

as long as the current is passing, and it becomes much
heated during its motion. With three zinc and carbon

batteries, the zinc cylinders being (> inches high and )},

wide, and strongly charged with dilute sulphurit' and

strong nitric acids, the ball was propelled at the rale ol

sixteen revolutions per minute.

' In all cases yet observed,' says ^Iv. ( Jore, ' the motion

has been attended by a peculiar (M'ackling soimd at tin;

surfaces of contact, and bv the heatini>' of the rollin'r

metal ; and in ex'periments on a large scale wiih thick

tubes, strong vi))rations, accompanied by the emission

of nnisical s<Mmd.<, Vv*'re observed similar in a moderate

(kgree to Trevelyan's experiment with heated metals.

In a dark [>lace, sparks appeared occasionally at the

points of contact. Ht considers tl 10 cause o f tl 10

juotion to be an intermittent thermic action taking place

at the surtiice of contact, at a point a minute distance

behind the centre of aravitv of the rolling metal.'

]\Ir. Trevelyan's ex[)eriment here referred to consists

in placing a heated bar of iron with one en<l on a solid

Idock of lead. The bar in coolinu' vibrates considerably
; '

an(1 produces sounds similar to those of an ^l^olian harp.

I'rof. Forbes referred this class of vibrations to a re})ul-

sive action exercisi.'d in the transmission of heat from one

l»ody into another, which has a less power of conducting

ir ; but having l)een led by Mr. Gore's paper to repeat

the experiment, by passing an electric current through

the hot and cold metal, he found that ener";etlc vibrations''
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'^took placo like those in the ordinary form of the experi-

ment. The vibrations to(»k plaee whatever was the

direction of the eleetrie enrrent, and between metals of

the same kind, as well as heterogenioiis metals. A\'hen

a brass bar vibrating on cold lead is lieated, and eK etrieit v

a[>plied as before, the effects are snperadded to one

another wliichever way the enrrent passes, and if there

is u musical note it becomes gravw. The effect from

electricity he considers to be due to the repulsive action

of the electricity in jKissing from the one metal to the

other, which he regards as a confirmation of his explana-

tion of tlie calorifie vibrations. In extending his experi-

juents, he found that carljon resting upon bi'ass gave

very energetic vibrations, and that bisnmth is not merel\-

inactive as a vibrator, l)i'.t during the passage of electri-

city though it has a (pielling pow<'r, w hich lu'ings th(;

vibrating bar to instantaneous rest."

On ihc plnjsioJvyical effrcfs of Voltaic clrdrici///.

''A luminous spark is [)i-o<luced by voltaic electricitv,

when the eye forms part of the circuit. This may be

(lone by placing u piece of silver between the uums and

the upper li]), and insertinu' a silver probe into the

jiostrils. If a piece of zinc is then laid upon the tongue,

and the two metals l)rought into contact, the flash will

be seen."

''if a living leech, or an earthworm, is placed u))on a

crown piece laid upon a piece of zinc of u larger size, it

ex[)eriences no uneasiness while it touches the siKcr only,

but when it stretches itself and touches tlie zinc, \\

instantly draws back as if it had received a shock."'

On Ek(()-o-iua{j)irtis)n.

" From these experiments, l*rof. Oersted concluded tlml

the marjnetiad actum of the electric cumnt dcscriljcs circles

round the conductors, and hence he gave the name of

revolving ma<inetism to this magnetical action."

* 1lwr8MW4WWW»;uiWft '*
.g<HlitWlWU.l|rti|li>W|g»KJMi.fe^y'^ I in mnii iBupi pr

I
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*' The action of rcvoh'iny maynctiam was at first opposotl

by Prof. 8cli\vcigger, on tlie ground that if it were true,

a magnet niiglit be made to revolve round the uniting

wire. Dr. AVollasten drew llie same conchision, but for

ihe jturpose of pro(hR'ing such a revohition. Before lie

liad ellected jiis purpose, however, Dr. Faraday, went a

step I'lirther, and found experimentally that not only a.

magnet could be nuule io revolve aroinid the uniting

wire, but that a moveable uniting wire might be made

lo revolve round a magnet. An apparatus for exhibiting

these remarkable properties is shown in Fig. OG. A
wire a. from the voltaic bat-

tery passes into the glass

vessel J/, through a hole in

its bottom, so as to commu-
nicate with mercury con-

tained in the vessel. The
lower end of a small magnet

h. of the form of a cylinder

is fixed by a thread to the

Itottom of the vessel, so that

it floats almost vertically i.'

the mercury. A wire C. c. il

communicating with the other end of the ))attery, by
means of tlie brass jnlhii- C. dips with its lower end il

into tlie mercury in 31., and as soon as tlie voltaic

cm-rent is established in the direction of the arrows, a. il

e. C. the pole h. of the magnet will revolve round tlu'

fixed conductor (h e. C.

The revolution of tlie conductor round a niiigiiet is

exhibited in the same figure, where K. is a glass vi'ssel

containing mercury, and having a small cylindrical nuignet
F. fixed to its bottom, and projecting a little above the
surface of the mercury. The wire d being attached by
a hook to the horizontal arm C. will connnence its

revolutions round as soon as the voltaic current passes in

tho direction of the arrows, or x. F. d. C. If we make "
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'• the cuiToiit pass in rln- .liroction a. </. r. C. F. .r. Iroiu thr
zinc to the platiiim., ni.l oftlio hatlm-, boll, tl.o al.ovr
.evolutions will -., „„ siiuiltai.couslv. Wlu-.i tlu' nmvni
wi.s imulc to pass in tlic (.pposir,; direction, the direction
<•! tlie rotation was likewise eljaii,!.cd.

" The rotation cf li,,ui(l coii<luctors may likewise, a^
Sir Jl. Davy has shown, be produced by 'the p,d.- of ,
"li.gnet. It mercury is placed in a shallow dish b(«t\veen
the two poles of a battery, a magnet placed eith.-r abov(,
or below the mercury, will cans, the mercury to rey„lyc
round the points from which the currents issue The
rotation of the llame produced by the passa-e ..f a
powerful voltaic chariie b.-twcn two charcoal' points,
arises from the same cans.. P.-of Daniell gives the
following pleasing method of showim-- the etlect. Jle
makes a powerful horseshoe magnet part of the conduct-
ing wire of constant battery of a moderate number of
cells; the flame which may then be drawn from one .,f
Its poles will revolve in one direction, while .hat from
the^other will revolve in the opposite direction."

''Various onus have been given to these electro-
dynamic cyhnders. In some the coils all lie in one plane,
as m Fig. 7J, * where one tiice of the coil has north, and
the other south polarity, the magnetic poles being as it

were situated in the centre of each disc.

Fig. l-j.

When the helix is constructed, as iu Fig. 72, its power
is so great that a small steel bar ,S'. .Y. placed within it,

and supported perpendicularly, will, as soon as the con-
nection is made with the voltaic battery, by means of the
mercnry cap. P.p. start np, and placeVself in the air,"

^ee jinge 2•i-)a

K
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" vvluMV, like MiilioniotVs I'oHiii, it will rtMimin suspciuK'd

without any visible cniiso, find in opposition to the power
ol'sri'iivitiition.

We owe also to Jf. Ampere the very interesting

apparatus of a small voltaie battery made to revolvt;

round a inaunet. This is sliown in Fig. 73, wliere A. Ji

C. I), a. h. r. <l. exhibits a section of two cylinders of

copper soldered to a copper bottom, so as to hold aHuid.

The double cylindrical vessel is suspended by a bent wire

(t. F. h. (having a cavity at F.,) upon the north pole N. of

a vertical magnet N. S. A light cylinder of zinc z. .v.

is also so suspended by a bent wire s. F. z. and a

st,eel pivot at F. upon the

same pole N. of the magnet. The

cylinder ,r. z. can therelbi'e I'evolvt;

upon this pivot. When the cylin-

der A. B. D. (1. a. h. c. C. A. is filled

with dilute acid so as to constitute

a small battery, the cylinder z. z.

Avill revolve from left to right when

N. is the north end or south pole,

and from right to left when N. is

the south end or north pole. Owing

to the attraction of the fluid, the

cylinder of zinc is often drawn to

one side, and prevented from moving; but this may be

jivoided by making the space A, e. suthciently wide. Mr.

Watkins has ing«>niously applied this contrivance to the

poles of a horse-shoe magnet, as in Fig. 74.* It consists of

a horse-slioe magnet A. B. fixed to a stand S. S. Above

each pole is suspended a doiible cylindrical copper vessel,

with a bent metallic wire fixed to the top of the inner cylin-

der, and a vertical wire, pointed at each extremity, fixed in

the middle of the bent wire. The lower ends of the vertical

wires ofeach cylinder rest in the holes of each olpe of the

magnet. Within the above double copper vessels are

placed two hollow cylinders of zinc, having similar bent "

• Kee page '220.

Fig.



•' «i.v will, l,„|„s i„ ,|„, ]„«.,., ,i,l,. of .,,c.|,, i„ « l,i,.|, l.ol,.," "]>|.o,. ,.,,,1, „(• tlu, v..,H..„l wi,-c.» m.. i„«.,.te,I. mL
*lie.'«|.p,.r..yli,„l,.ris|ilk.,| „.i,|, ,lil,„„ aH.I, (l,cvoit„i,.
-•">'" l>"«".», ..M .In. lour .•vli,„l..,» rc.volvi„^;,.o,n„l tl„. ,

•"'otlK;i. -.md ,1k. .„„. .vli,„l,,.,,, with g,,„t y.lonty, i„
oi.,.o»,„.,l,„.dio„s t„ ,|,„ ,„,,,„,, „„„,, Vory cldi •,
"'"'"""""'^ ',"" ' -'>• >" .!.».",.. .ho .-otarL, of , ,

<.'0]»p(M- cylmdtMs.

A vory simple .pparatn. f„r showi,,^ tlu- .......ofi,.
shite of a single eoil is shown in Fhr. 7.3, wliereZ. and C
i-epresent tl.e elen.onts of a sn.all gdvanic battery of onJ
y^ne and one copper plate attached to u cork which
Houtsond.lnteacid. Kach plate is half an inch wide,

d two .nches long. A piece of copper wire W. with
s Ik threa<] wrapped ronnd it, isbent into a ring, one en I

01 winch ,s soldered to the zinc, and the other to thecopper plate.

Fig. 7->. Fig. 7(i.

An electric cnrrent now passes in the direction of the
ill-row, and the ring IV. becomes a flat magnet, havincr
Its poles in the centre of its two surfaces, the one bein°
north and the other south. This floating magnet will"
when acted upon by a real magnet, exhibit the usual
magnetic attractions ar.d repulsions. Mr. Marsh has
improved this apparatus by doubling the copper plate asm Fig. 7G, and converting it into a vessel for holding the "
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er
'• (liliifc acid. The idalcs iirc tlioii itlaccd in a glass (\diiid

Avhicli may lloat in walcr." *

Tlio iiiagiu'lo-t'lcctric iiiacliinc Ims |)i>«<ii urcath- jm-
[M'ovt'd l)y Mr. K. M. Clarke, luaiiiietieal iiislriiiiient

Jiiaker, London, i Jt is I'ejtrescnted in I-'ii>-. !)J, ^\l|(>|•e

yl. is the hatteiT of ttent l»ai- niauiieis resHiii; anaiu.sr the

vertical board J!., and by means (.!' ;i har of brass C.

M'itli n bolt and screw-wheel, the mairnels can be drawn
lii'udy to the board Jl. or laken I'rom it. One of Hi,.

keepers or arnnitiires J), is screwed into a l)rass mandrill

between the poles ol'the magnets, and it is made to re-

volve l)y tlie mult iplyinu; wheel /•;. 'J'his armature lias

two coils of line copi)er wire, I •')()() yards hniir. wrnpi)ed

round its cylinders, the begimiin«;' ol' each coil beiiii,^

soldered to the armature I)., from which also projects a,

)>rass stem carryinir the break-piece //., whicji can be
liistened in any re(|nired position by a l)iiidinu- screw; a

hollow brass cylinder K., to which the ends of the c(jils

are soldered, being insulated by means of a piei-e of hard

wood attached to the brass stem. An iron wii'(> spi-intj-

(K passes at one end against the cylinder J\., and is kept

in contact with it by a screw in a brass straj) M. in tlm

Wooden block L. A scpiare brass pillar 7'. lirs also a

S(|uare oi)ening in the other brass strap .Y., on the otiier

side of the block /.. A metallic spring V. rul)s gently

upon the brt>ak i)iece ][., and is retained in jierfect

metallic contact with it by a screw in the pillar 7'., the

two stiai)s of brass ]\f. X. are connected by a piece

of copper wire 7'., and in this state the parts J).

If.
(i>.

J*, y. are in coimection with the connnonce- ''

*'"A very lii'Munriil iii>)i;ii;Utis I'..)' txliiliiiiiiL' liclicul i-ntaiiuu lia-i

Ik'C'Ii constructt'd \>\ Mr. WaUciiis, ini.l is sliuwu in Fijr. 77." ]( j-i

tii.iiiglit tliiit (he li;j:nrc will lur ilii' ]iirsiMi( ]iuriiosc -uliieicnllv

O-Njiliiiii itHfll' iis a iiiiidiliLMii >r those preceding it.

t Tliis imjM'uvod liinii ultlu' M. V.. macliine may lio compared willi

tliat already iilustraied at i)a;ie loS iVoiii Fownes' Manual ol' C!u-
inistry. The illiHtraliMii is rejicafed on liif same plate at Fiir. Oi).
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'• DU'iif oi racli coil, iiiid tim pints A'. <). .If. uith
tlu- trnniimtioii of inicIi coil. 'I'li,. jx-ifcct iiict;illic

coiitjict tliiiK ol.fiiiiu (I l)y the s|>iiim iiihI hrciik, ciiiiMcs

Jfr. (.'liirkc to dispense ciitircly with the use of iiicrciirv,

which is iit till times a tioiildesoine iiccoiiipiiiiiiiieiit of
iiiachiiiery.

Hut the irivfit superiority of Mr. Clarke's niiichiiif

arises from his employiiijr two Jillereiit armatures, ami
thus being enabled to produce the separate ellects of
(|uautity and intensity to the full extent of the power of
his battery. Having, in Novend)er, I s.ii, tried the eflects

of coils of wire of dilli'rent thicknesses, he found that tint

thick copper bell wire gave brilliant sparks, but no per-

ceptible shock, while very line wire gavei^owerful shocks,

but very feeble sparks.

r.y means of the intvtmtij nrmatnir, which is that

shown in Fig, 9i, the various experiments made with a

number of separate galvanic plates inay be perfornu-d,

while the intense agony pnxluced by its shocks is intoler-

able: it can, at the same time, (?) electrify the most
nervous person without occasioning the least uneasiness.

It decomposes water and the neutral salts. Ir del'ects

tlie gold leaves of the electroscope, charges the Le\den
jar; and by an arrangement of wires from the mercury
box to the battery, the electricity is inade visible, pass-

ing from the magnetic battery to the armature, and
sj>arks and brilliant scintillations of steel can be obtained.

The qiomtitij armature differs greatly from the intensity

one, as shown in Fig. 9-}, which exhibits the method of

producing the spark.

The weight of the iron in tin; cylinders is much greater

than in the intensity one. the copper wire is much
thicker, and its length is only forty yards. JJy this

armature all tlie experiments can be made which are

usually performed by a single pair of voltaic plates of
large surface, or by a calorimotor ; but it will not do for

"
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''iiiiv oftlMMiitciisitv o.xptMiiiK'iits. Ii produces siu'h liiruc

jiikI l)rilli;mt sparks, ihat n person can reiid siiuiU print

Ironi tlie liirlit it produces. It iunites uuiipowder and

platinmn wire, witiioiit eiudosing the wire in a liernioti-

(•al!y sealed udass case. It deMaiiiiates gold and silver

leaf, and produces brilliant scintillations fi-oni a small

steel lile. It produces also rotatory motions in delicately

suspended wire frames round the poles of a vertical horse-

shoe inau'iiet and all the otiierellects of voltaic electricity.

Although the law which governs the evolution of elec-

tricity by nuigneto-electric-induction is very simple, yet

Dr. Faraday' lias found it rather dilticult to exi)ress it,

except in reference to diagrams. We shall therefore give

i' in ills own words : ''If in Fig. sH, 7\ X repn'sent a

horizontal wire [Kissing l>y a niai'ked magnetic pole si>

that the direction of its motions ,.,....

shall coincide with the curved

line proceeding i'rom l>elow up-

wards ; or if its motion parallel

to itself he in a line langeiitial

to the cin'ved line, hut in the

general direction of the arrows
;

Fig. >!i.

i)V if it pass the pole in other directions, hut so as to cut

t lie inagneiic curves* in ihe same general dirt'ction, or

on the same side as (hey W(Hild l>e cut l)V the wire if

moving along the dotted curved line; then the current

of electricity in the wire is from /••. to X. II it he carried

in the i'e\erse direction, the electi'ic current will he from

X. to y. ()r if the wire he in the vertical position, as at

7\' X.'. and it he carried in siiiiilardire<'tions, coinciding

with the dotted horizontal cin've, so far as t(» cut tiie

magnetii' cur\es on the same side with it, the current
''

" 1>\ lli:l.riirlli' ciirVf-, I llirali llic 1 1 lir.- ( p| iiiJl'.'lll I it' fulCeS, lnHV-

fvtr iiKiililii'.l liv tlic juxiaiMisiticiii ol' pdlc.-. w liirli wmikl lie (li'| iolc-)

liv iiiiii lilinjrs, Hi' tiiiisc til uiiii'li a wiv si.iall iiia;j:iK'lic iicnUe woiili

liii'hi a tah.'i'iii ."
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^•' will lie iVoiii 7\'t() y. ir the wire hiM^tiisidcrcd ii j.iii-

goiil to tlir curved siii'l'iicc ot «ii«' cyliiKlriciil iiiiignt't, uiui

it 1)!' Ciirricd round tliiit sinl'iKH' iiiloiiny otlu'i' [)o.sitioii,

or ii'tlic iiiagiu't itself Uc revolved on its iixis, so iis to

briny- nny |)in"t oi)posit(' to the tanucutial wire ; still, if

.'dtcrwiinls tlu> wire he moved in the dir«'etions indiciited,

tliecnrrent of electricity will Ix; from J', to .V. ; or it it he

moved in tin; o[)j)osire dii'C'tion, from X to /*, ; so that as

r.'trards the motions ot' the wire j)ast the |t(de. tlioy may

he reduced io two, directly oi>i»osile t(» each other, one

of wliicdi proiluces a current from /*. to .V. and the other

Irom X. \o P.

''The sanii' holds true ot' the uiiuiarked |»oltM)f thti

mnunet, exccj)t that if it he substitute d for the one in the

liii'ure, then, as the wires are mo\eil ii, the direction of

the arrows, the current, of eh'ctriciry would Im' from X.

to P.y and when ihev nu>ve "lithe r.'verse direction I'rom

]\ to X.

"Hence tlu> curriMit of eleclricity whicli is e\cit(Ml in

metal wiicn mo\inn' in thn uei<i-h!>i;Mrhood of a maii'net,

d','p:Mrls forits dir.'.'tli>;i alt^ii-.M >: 'r u-> t;i t!i ' r.'lariou fif

the HP'tal to the i-('s!i!ta!ir of miu;netic action, or d
the mao'netic curves, an 1 iiriv he exnressed in a,

jiopula- vay, thus: L"t .i. I!. (Fiu'. !»i») repr.'siMil a,

cylii,,,.-r maunet. .1.

beinir the markeil ,), Z^^^:-^--::-

ole. and 7)'. the un-

juaiked ))o]e ; let /'.

X. 1k' a silvei- knite-

blade restinu' across

the maunet, with its

edu'e H[)wai(l, and

with its marked or n^'ched side towards tlu> pole J. ; then

in whatever direct ion av position this knife be moved edge

loreinost, either aboiil the marked or the unmarked pole,

the current of (deetricity produced will I)e from /'. to .\.

itrovidetl the intersected cur\es pi'oceeilinu from .1. abut
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" upon tlu' ii()t«*lieil jsiiifaci! of" tlie knife, ami tllo^ _» froiii

]j. upon the niiiiotcluHl side. Oi', if the kuifo be moved

with its back foremost, the current wili )>i' from jV. to 1\

in every possible position aiK. (i.rection, provided the

intersected curves abut on the same surfaces as before.

A littU> model is easily constructed, by using a cylinder

of wood for a magnc^t, a flat piece for the blade, and a

piece of thread connecting one end of the cylinder with

the other, and passing through a hole in the blade, for

the magnetic curves; this readily gives the result of any

possible direction.* When the wire under induction

is passing l)y an electro-iuagni^tic pole, as, for instance,

one end of a copi»er helix traversed by the electric cur-

rent, the direction of the current in the approaching

wire is the same as that of the current in the parts or

sides of the spirals nearest to it, and in the receding wire

the reverse of that in the parts nearest to it.

All these results show tliat the power of inducing

electric currents is circnmferentially exerted by a mag-

netic resultant, or axis of j»ow«'r, just as circumferential

magnetism is dependent on, and is exhibited by, an elec-

tric current.''

Note.*—We are afraid it is less easy to correctly

understand than to mlsimderstand this explanation, riie

following clearly expressed statement from Fowucs'

Muniml of Clu'iii/sfnf, may enable (or assist) the reader

to <'orrectly appreciate what is intended in the fore-

going :

" The action which a current of electricity, from what-

ever source proceeding, exerts upon a magneti/ed needle

is ([uite peculiar. The poles or centres of jnagnetic

force are neitiier attracted nor repelled by tiie wire car-

rying the current, but made to mov<! <iroiiit(l the latter,

by a force which may be termed tangential, and which

is exerted in a direction perpendicular at once to that of

the current, and to the line joining the pole and the

wire. Both poles of the magnet being thus acted
'*
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" upon at the sfime timo, niid in contrary directions, the
!ioeflIo is forc«?<l to arrange itself across the current
so that its axis, or the line joining the poles, may be
perpendicular to the wire; and tiiis is always tlie posi-
tion which the needle will assume when the influence of
terrestrial magnetism is in any way removed. Thi*
curious angular motion may even be shown by suspend-
ing a magnet in such a way that one only of its poles
shall be subjected to the current ; a permanent move-
ment of rotation will continue as long as the current is

kept up, its direction being changed by altering the pole,

or reversing the current. The moveable connections are

made by mercury, into which the points of the conduct-
ing-wires dip. It is often of great practical consequence,

to be able to predict the direction in which a particular

pole shall move by a given current, because in all gal-

vanoscopes, and other instruments involving these i)rin-

ciples, the movement of the needle is taken as an indi-

cation of the direction of the circulating current. And
this is easily done by a simple mechanical aid to the

memory : Let the current be supposed to pass through

a watch from the face to the back
; the motion of tht^

north pole will be in tiie direction of the hands,- or a

little piece of apparatus may be used if reference is

A

13

k

'lir. 08.

often required
; this is a piece of pasteboard, or other

suitable material, cut into the form of an arrow for

indicating the current, crossed by a magnet having itn

poles marked, and arranged in the true position with

respect to the current. The direction of tiie latter in

the wire of the galvanoscope can at once be known by

{•lacing the representative magnet in the direction as-

sumed by the needle itself."
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(hi t!if Aj)p]lc<(tiuiis of T!/)(iro-Ma(/iir(is)n,

Enci/clojx'dld BrituiiDicn.— '^ Tlio power of olectric iMir-

rcnts to develop magnet isiu in soft iron is so great as to

have led several philoso})liers to apply it to tlie production

of a continuous movement, either rotatory or reciprocat-

ino-. ]\[. Jiicobi, of St. Petersljurg, was the lirst who con-

structed such a machine, and it was for a long time used

in impelling a boat on the Neva. .Since that time many
olectro-motors, as such machines are called, have been

constructed ; the most important of these are by Loiseuu,

Fronu'ut, Lamanjeau, Page, and Dumoncel. The late

^Ir. Sturgeon pumped water with an electro-magnet
;

^Ir. Davidson, of Aberdeen, drove a turning-lathe by the

same power; and in ISIS we sailed at the rate of a mile;

in the hour in a boat thus impelled and constructed by

Mr. Dillwyn, of Swansea.

]\r. Jacobi, as we have stated, has been led by Dr.

Faraday's discovery of magnetic electricity to abandon

his e.\2)ectation of obtaining anything like a valuable

power from electro-magnetism; and ^Messrs. Joule and

Scores])y have come to the same conclusion. It appears

jrom their calculations that a grain of coal consun-.ed

by a steam-engine in Cornwall will raise 14:3 lb. 1 foot,

Avhilst a grain of zinc consumed in a voltaic battery can

raise theoretically only SO lbs. ]Jut the price of au

hundred weight of coal is less than 9 pence, whilst that

of the same (piantity of zinc is more than i.MO pence, so

tliat, under the most favoural)le conditions, the power

obtained from electro-magnetism must cost twenty-tive

times as nnicii as tliat from steam."
'

Now herein we have a c(jnclusion arrived at on a

(juestion of great importance in connection with the

progress of civilization in, what may be called, a practical

tind material sense, as well as in a more highly intellec-

tual sense; an unfavoundde conclusion of a very grave
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iintl serious practu-al clmriutor, hociuiso the incchiiiiical

artist or inventor, wlio at lirst supposes that out of thi!

resources of nature, a n!)V('l means of obtaining his

primary power (force), nuicli superior to any iiitiierto

known, has boiMi brouirht to liijlitand phiced in his hands,

is clieclied, and not only discouraged, but, autlioritativelv

informed it is useless for him to attempt to utilize tliis

novel means, for tliat—instead of superior—it is very

much inferior to the older means already in use, and that

the inferiority is not of the character of a (hlliculty wliich

perseverance and increased skill may, and therefore can,

overcome, but is a natural inferiority and in the nature

of things, insuperable. To tlie practical artist then^fore

the following question is of great interest:—Is it (piite

certain that the decision is a sound one 1 Is the con-

chision supported and justilied ijy the natural facts ? To
t!iis <|uestion we may bri<>lly but decidedly reply that

the above conclusion is not so justified and is not sup-

ported l)y fact. Neither the discoveries of Faradav, nor

those of any one elsi>, propei'ly applied, demonstrate such

a proposition, but ((uite tiie contrarv.

The nature of the calculation cited by the writer in

the I^ncyclopedia, makes a^tparent that the comdusion

has been come to through confounding with each other

cases which are essentially diflerent. Thus it is quite

true, for instance, if we were to <il>ply molecular

electricity to deconq)ose water into its elements, and

then make use of the expansive force, of the compressed

gases thereby disenuaged, as a motive (mechanical) power,

Uiat the calculation and conclusion would liav(! a sound

application to such a proceeding ; because it has been

ascertained that to develi>p a certain delinite cpiantity of

molecular electricity, the consunqition of a certain ((uan-

tity of zinc or other material is re({uisite, and the defniite

(juantity of the electricity developed can only decompose

a limited and definite (juantity of water . . a quantity

which is directly proportional, in the ratio of the elenien-
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tiirv eqnivaliMits, to the (|iiaiitity of the zinc (or other iiia-

rerial) coiisuineil in the battery, and therefore the case is

(inite similar to that of the conversion of water into steam

by the combustion of coal; lor therein, also, a definite

((uantity of the coal consumed, developing a definite quan-

tity of caloric force, disengages a proportional quantity of

gaseous water, of which the ex}>ansive force is available as

the primary mechanical power. IJut in electro-magnetism

the case is no longer similar. The consumption of a cer-

tain dellnite quantity of zinc will still develop only a de-

iinite quantity of inolecular electricity as before, but the

quantity of mechanical effect wiiich can be obtained from

this (piantity of electricity through the magnetic power

induced by it is not limited in the same manner; . .

given a wire conducting molecular electricity, of any in-

tensitv,—this wire beinjf coiled around a bar of soft iron

induces magnetism therein, but, the greater the number

of coils, the greater the intensity of the magnetic force

conferred upon tlie iron ; and further, the length of the

M'ire being indefinitely great, it may be coiled around a

second bar of iron, and the same electricity which has

induced the magnetic })ower (force) in tlie fu'st, confers

also the same property on the second; but, the length of

the wire being indefinitely great, instead of two bars we
may take ten, or a hundred, or a thousand, or ten thou-

sand, without hindrance by any natural (theoretical) limit-

iition : the electricity is the same in quantity as at first,

is just as active, and just as available after having mag-

netize<l a Inindred l)ars as after magnetizing one ; and,

again, if tiie circuit be suddenly broken the (so-called)

induced current through the wire in the opposite direc-

tion is a source oi^ mechanical power limited oidy by

the length of the wire, whicli may be indefinitely

great. In mechanical science tlie ecpiality of

action and effect as a fundamental law is very

well established, and it is inconsistent with that

law to suppose tliat tlie quantity of effect can be any
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greater tlian tlie (|Uiiiitity of Jietion (power)
; for

instiiiice, a weiulit of one poiiiul <les('eii(liiig tlirougli one

foot in one seeond, represents or develops a certain quan-

tity of vneolianical action (power), and this (piantity is

ilieoretically capable of producing a ([uantity of elVect

l»recisely equal to itself; but practically, as applied

Through a machine, a jiart of the power is employed in

overcoming the friction of the moving parts, and the

apparently useful ellect obtained is u little less (often

much less) than the wliole (pnnitity of active power; but

110 combination of levers or refinement of machinery can

obtain a quantity of etiect greater in any degree what-

ever than tlie (juantity of action (active force) employed.

Now it is very easy to misapprehend the significance

of this law and to argue tiiat the ntilization of the eflect

is a use of the active force (action); meaning, thereby, that

the force is used in the sense of ' used np,' ^ consumed,'

'converted' into rZ/k/. , . /. e., \nto somcthhiff else, aiKl, con-

secpiently, is no longer existent as force or power. Sucli

inference is not supported by fact, and is unreasonable.

Jl' the descent of one weight is employed in raising

another . . the power or force is merely transtericd from

the first to the second: (it mayor may not be equally

available for further employment, hut it is existent . . all

of it, and theoretically available.) Sq in the steam engine

. . the steam having performed its ollice (produced its

mechanical effect) lias not necessarily lost any of the

caloric-tbrce deiived by it, as water, from the combustion

of the coal. If all the heat coidd be i:ow abstracted

from the waste steam it might be re-applied to repeat,

the effect, and so on, fur an unlimited number of times.

In practice only a small part of the caloric-force (or

steam power) can be thus made again available, but even

this small part . . namely, that portion of the waste steam

used to iieat the water supplying tlie boiler or the air

supplying the furnace . . is sullicient to demonstrate the

[)roposition that action (meaning there).)y W(ro/ja«jca?/ora'
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or poiccr) is not ooiivcrttMl into rlio ('(|iii\iil('nt elll'ct, in

the sense of beinir, hy such conveisiun, ' used iip,^ and

ciiusHntcd.
.^

]\rechaniciil etli-ct is a niiinifestiition of iictivo force

overt'oniinsj resistiniee : tiie resistance liavin"' been over-

come, tbe force is no longer activ(>, it becomes ((ui-

(scent or latent ; but, the force is neither lost nor con-

sumed. The great superioi'ity of electro-magnetism as a

S(»urce of mechanical [lower consists in its atlbrding tin'

means of obtaining an nnlimired number of repetitions

of etfect from any given (|uantity yf active force.

So far from eleotro-ma<>netism being nnable as a sonrce

of motive po\vt;r to compete willi coal, it is (juite

evident that in sncli competition tlie caloric-force de-

rived from coal must b(? very soon sn[)erse(led l)y tlie

nuicli more advantaifcous and mort; readily available
^ *'

force of molecular electricity. Ir is, however, (juile

apparent that if we have novv arrived at u time when

molecular electricity can be, without nmcli difliculty,

made available for tin? purposes of civilized life, it is

because a certain degree of civilization and of skill in tin;

mechanical arts has been ac([ui red and a certain amount

of scientilic knowledge has been obtained. For the

earlier stages of human civilization, such as our [)rede-

cessors have passed through, the enormous beneht of an

abundant coal supply could be scarcely overestimated ;

it seems, indeed, dillicult, on looking back, to imagine

such progress to have been, humanly speaking, possible

without such a supply of readily available fuel.

Assuming, as we inay do, that the u^e of coal for many

of the purposes in which it has been employed will be

now very soon superseded — it will not be out of place

here to remind those of our readers who have paid some

attention to the geological record of the earth's history .

.

of the long and careful preparation of that important

element of our welfare as a civilized race ... of the long

Carboi'Herous Period, with its hiAuriant vegetation ... of
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the teomin- and almost numberless successive generations
of Lcp.dodendra and Sagiliaria«, by means of which the
carbon was taken from tlie atmosphere and made ready
for the final conversion ... of the long and changeful
Permian Period, and ... of tliose great disturbances of the
earth's surface, belonging to that period, in which the
preparation was completed, and the final conversion into
beds of coal was consummated.

There have not been wanting some persons of educa-
tion and partial scientific knowledge who, with a stran-e
forgetfulness of One whose work is not imperfect, and
whose plans do not fail, have fearfully predicted the ex-
haustion of the coal supply, and the consequent collapse
of the material prosperity of the civilized world The
Verbal Record states that He who made tlie heavens and
the earth hath also expressly declared that tlie earth has
not been created in vain, and was made to be penna-
nently inhabited. We believe the record and the decla-
ration undoubtingly

;
and we understand that declaration

to include the meaning that ample provision has been or
will, when necessary, be made for the continued pro-
gressive advancement of (terrestrial) human civilization.

Sucii fears an<l predictions are therefore according to
our belief not only unreasonable, but also unseemly, and
they certainly do not l)elong to science. Tliere may be
indeed, a sufficient basis for fear and appreliension of
dangM-, but if the fear is to be justified by the event and
the (hmger is to become a catastrophe, it will be again,
as it has been in former times, occasioned by the wHful-
ness, the superstition, and intellectual depravity of those
who, having acquired knowledge, pervert and misuse it,

who, disregarding responsibility and contemning law,'
systetnize untruth and organize deceit.

The coal is not nearly exhausted.

If that deplorable catastroplie, which lias already
happened more than ouce, shall yet again overtake
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mankind ... if the floods of disorder,anarchy and mate-

rialism, arc again to overvvluilm and destroy the intellectual

vitality of the whole human race, and knowledge, escaping

only by the providence of the Creator, is again to be

left with the elementary rudiments of science, alone to

replenish the earth ; ... if the present terrestrial civiliza-

tion is to be condenuied as hopelessly corrupt and thus

to share the fate of its predecessors ; who shall say there

is not sutticient coal, in the vast deposits of this continent

only, to supply the necessities of those who, it may be,

are destined to renew the attempt to acquire knowledge

and with it to acquire the recognition of the responsi-

bilities belonging to knowledge . . . of those who, per-

haps, are destined to succeed where we have failed, and to

establish on the earth a permanent intellectual civilization,

sound, uncorrupt, and possessing the essential require-

ments for a safe and progressive development.

We do not, however, believe in the intellectual failure

of the present race, nor do we expect the destruction of

the existing civilization.

That the present is a time for apprehension because a

time of critical danger, there can be no reasonable doubt,

but, no intellectual catastrophe of a general character will

take place unless each and every nation deliberately

declares itself by and through the medium of its intellec-

tual representatives as wilfully preferring falsehood t»

timth, and as deteraiined to disregard the laws of intel-

lectual existence.

That such a determination will be deliberately con-

curred in by the nation to which we belong, we cannot,

and do not, suppose.

END OF THE APPENDIX.
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