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'betwecn the acid and the copper, the potential ofý the
Zinc plate will be lower than that of the copper. and a
quadrant electrometer will be capable of measuring
this difference of potential which will be the electro-
'Ilotive force of the ccli. If the copper and zinc are
'COllnected by a wire a cu' rent will flow from. the cop-
Per to the zinc along the wirc, lowering the l)otel3tiai
of the copper and raising that of the zinc, so that the
equiljbrjum betwecn the metalas and the acid l.ecomes
(liaturbed, clectricity fiows from, the zinc to the acidaud froin the acid to the copper, 80 that the po-tenti
Of thé acid near the zinc is raiaed aboya that of the acid
'lear the cop per, and a current therefore flows th-oughthe acid froin the zinc to the copper thus completing
the circuito

If a plate of copper and a plat e of zinc be c )nnected
tgether and the free end of the copper plate dippedInlt 0 (Ole vessel of dilute sulphuric acid and the fies end
(fthe zinc plate into another vessel of the same liquid,
teacîd into which the zinc is dipped wili be at a

h'ghher Potential tiaan that irao which the copper isPiped. If now a connection is made between the two
'v'eela of acid, by inverting a syphon filled with acid
s0 that one leg is in one vesbl3el and the other in the
?ther, eBlectricity must flow fiom the acid ini the vessel
ln1 Which the zinc dips to that in the oth.,r vesaci, the
eq'uilib,-ujm wiIl be disturbed and a continuous current
W'11 fiOw throngh the circuit as before.
il lu thc frictional clectric machines, in the Voss and
holtZ mnachi nes, in the replenisher and clectrophorus,
te electricai1 energy dev eloped is derived froua theWfolk donc by the agent in overcoming the electrical

attractions auj keeping the machine in motion, or, in
ch Case of eh* ctrophoruê,, in raising the carrier plate in

PPit0 to the attraction of the clectrifled ebonite.
'l h cs f a thermo-electic copethe energy of

hoj.U ction on account of the Peltier effcct, or
R4 1t I ast ecurrent flows froua bot to coid or cold

*fcct bl(]"the metala o account ofthe Thomson
t~ eei Voltaic circuit tbe eniergy of the current

betwe from the chemical action which takes place
(or c emetals, or one of the metals, and the acid

brii Ye). That the energy of the carrent in'h ay atterice ja due to the solution of the zinc in
ci as ahewn by Dr. Joule, who detcrmîned the

0111't (of Ilat dcvcloped by a Pound of zinc in sul-
Illetic Rcid. le then irnmersed a battery in a calori-rand detcrmiued the whole amount of heat

ýeoPe1d for each pound of zinc dissolved when the%'ir throgli Which the current flowed was wholly con
obI1ed/wIthia the calorimeter. The amount of heat 80

Iled acaj the same as when the zinc was dissolved
c"aId Without the production of any current. On

t'ali"g thc curren.t fromn the battcry to pasa out o? therUiratcr and to flow through a wire immerèqed in a
fu caOrillaete, thc heat dcveloped in the battery

blaeche PouDd of zinc dissolved was less than before,
devel c efciency wus exactly compensated by the heatcoPed7 .bY the current in the externai wire, and
,eto illicattd to the water of the second calorimeter.

6"l tr ce 6e eXperimenta it appears that when a battery
t P~e i1 scnding a current the heat correspond-
ulo e eicai action taking place in the baiacry

tj0 l Of i I veo within the battery, but a por-
t 8 elPoe nmaking the current flow

227

through the circuit, and is reconverted into heat wher-
ever the currcnt dos work against resistance.

Faraday shewed that when a pound of zinc is3 dis-
solved in a battery a definitri quantitY of electricity
passes round the circuit. This will be referred to
again in apeaking of Faradaiy's law of electro-chemical
equivalenta. The electromotive force of the battery is
the nurnber of units of work doue on the unit of elec-
tricity in gointg round the circuit. ilence when a
Pound of zinc is dissolved in a single celi, the electrical
work done is proportiorial to the E.M.F. of the celi,
being equal to the product of this E.M.F. and the
number of nuits of electricity which flow round the
circuit for eachipound of zinc dissolved, and which is
the same for ail batteries. Now it is clear that this
work cannot exceed the energy developed by the whole
anmount of chemical action which takeqs place in the
celi in conséquence of the solution of the pound of
zinc. Thus the nature of the cheuiical action taking,
place in the celi fixes a superior limit to the E.M.F.
obtainable therefrom. For example, if zinc is diasolved
and f ree hydrogen liberated, the work done in the celi
is that due to the combination of zinc with suiphion,
(80 4) diminished by the cnergy absorbed in liberating
the eéquivalent of hydrogen froin the suiphion. If in-
stead of liberating the hydrogen as free gas it is ai-
lowcd to combine with oxygen (i.e. burnt) within the
battery, the work donc by the combination of the zinc
with the suiphion will not have to be dirninished by s0
large a quantity and the E.M.F. of the celi may be
considerably increased. Thus, in Groves' ceIl in which
the liberated hydrogcd is burnt at the expense of the
oxygen of nitric acid, and in the "bichromnate battery,"
in which. the hydrogen combines with the oxygen of
potassic bichromate, the E.M.F. is greýter than that
which wouid be developed if the sarne plates (zinc and
platinum or zinc and carbon) were simpiy plungad in
dilute sulphuric acid.

I)EF. Theý resistince of a cinliuctor is that propcrty
in virtue of which a finite electro-motive force is in-
cîpable of doing more than a fiaits amiunt of work in
.sending electricity through the condu tor.

DEF. The conductivity of a conductur is the inver4e
of its resistanc -, i.e., if the resistance ba denoted, by R

1
the conductivity will be represented by-

R
Ahl bodies possess'a certain amount of resistance,

and on',y a certain arnount, thougrh the interval between
the beat conductors (such as cop'per) and the best in-
sulators,or worse conductors, such as suiphur or paraffin
wax, is very g 3reat indeed. The résistance of a bir of
glazs is not lesi than 600,000,000,000,000,000,000,
000,000 times that of a bar of copper of the samle
dimensions.

The first mea.surement of the résistance of condue-
tors wcrc made by Henry Cavendishi, who flot only
compared the resistince of metailliu wires but also of
liquida (électrolyte,%), especially of solutions Of common
sait. These memasrements wera undertaken rnainly in
connection with bis experirnents on the torpedo, which
led to the measurement of the resistance of spa water.
Froua Caveudish's resuita it appears thit the. conduc-
tivities of saline solutions of diiffrent strengths are
nearly proportional, to the per centaga of sait présent,
a fact rccently rediscovered by Kohlrausch. Though

1

227


