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XXII. On a Method of Comparing the Electrical Capacities of
two Condensers. -~ By R. T. GLAZEBROOK, M.A., Fellow of
Trinity College, and Demonstrator of Experimental Physics
at the Cavendish Laboratory, Cambridge *.

Tre following is a well-known method of comparing the

capacities of two condensers :—

Let A, A’ be the outer coatings, B, B the inner of two con-

densers.  Connect A A’ together, and to one pole of a

battery. Connect B to a resistance R and to one pole of a

A

galvanometer, B’ to another resistance R’ and to the other
pole of the galvanometer. Connect the other ends of R R/
together and to a key K, and let the second screw of the key
be in connexion with the other pole of the battery. Let CC’
be the capacities of the condensers. On depressing the key
the condensers are charged; and it is easy to show that, if
CR=C'R/, no current passes through the galvanometer.

If, then, we adjust R until no current is observed on making
contact, R’ remaining unaltered, we can find the ratio of C to C".

I propose to discuss the more general problem of finding
the current through the galvanometer when the equation
CR=C'R/ is not fulfilled, and hence to obtain the conditions
of sensibility.

Let V, be the potential of A, V, of the other pole of the
battery, V of B, V/ of B/, at time ¢. Let & be the galvano-
meter resistance.

® Read January 22, 1881,
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Let ¢
Ll
4

lq/

current in R;

’.

» R 3
current into condenser A ;
9 B;

»
current through galvanometer ;

@

Q, Q' = the quantities in the condensers.

Lot us further suppose that there is a small leakage througi,

the condensers, p p’ being their resistances.
Then we have

y ==z, o=+,

Q=C(V-Vy), @=0(V-V),

— -\72—V [,/—VS—V/ m_V-"V, h
= R ~ TR ——_G ’

From these we obtain :—

Assume

Gr+Re—=TWe/=0; . . . . . . .

qpdr , B+p Y2'_V1
al R’+p’[ V,~-V,

8= Yhoidl /e
URG+ o \"TRTY
_Y,—-V,
R+p
L/_KY‘V!
R/+Pl
& = Be ™,

—2=0;.

>+.z'=0. .

¢ = Ae™™,

- Al e-—nt,

On substituting we have

A{E;iﬁ—oan}-ho,

/ /
A’ lif—)ﬂ,_—F)-—C’R’n} +B=0,

GB+RA-RA'=0, . , . . . . .

(1)

(2)
(é)

©)

®)

(6)
Y



THE ELECTRICAL CAPACITIES OF TWQ CONDENSERS., 209

whence

A{G(R—:-P ~ ROn ) +R } _RA=
A {G(E'gf—’i'—m/n)mf} —RA=0.

Eliminating A A" we arrive at the quadratic,

1/1 1\, 1 R4py 1R+p

2 e el o — (- o

a ”{G(C*C/)*Rf@f( )+ 7o g )}
G(R+P)(R’+P) R(R’er)

(xl{l{’CC’ pp' o’

/
Ry
p
Let ny ny be the roots, and let
G(%Tﬁ-fton)m:x,
/ /
G(B—Fj—P—R/cn)Jer:N

Then from (8) we have
MA + MA = R/(A1/+A2/);}
MA M AY = R(A +4y),
where Aj, A\ &c. denote the values of A A corresponding to

ny, N

Also initially

(8)

+

(10)

(1)

V,—V V,—V
2R__1’ J=—_2 1{/ 1’ .o .. (]2)

therefore, putting =0 and V,—V,=E in the equations

V
+Ale—nt -+ A et

= R+
we find
E
A+A, = e
P T ORR+) | (13)
A/ +A) = Eo

R’(R’—fp")'
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Solving for A, Ag, we get

A= 1{(n1—n {GG R+p+1{’+p
1 _1._,!12_P_)
+ (70 T+p | S
____ B g1/ p __¢
A= R(n;—ny) {GC(R+p R’+p’)

1/l mp )}
+R<R0 Tip/fr - W

and similar values for A;/ A/,
Hence we find

Go=p { T - B

= e . ———

v=D {R’+p’ lH—p}

B 1 1 =it . o=yt
1=y (]{/U E’C)(e ™)

e

x{ﬁf’g—ﬁ'—?}]. N 4 1

Let us take tho case in which there is no leakage first,
p=p'=»,and
V— 1° — 1t -yt
= G nl——n2 (l e RC)(G .. (17
Thus, if RC=T'(’, we sce that  is zero for all values of &
The total effect on the galvanometer, since the time of
charging is short, is plopmtloml to the quantl‘ry of electricity
which passes. To find this we integrate the value of & with
respect to ¢ from O to 7, and suppose 7 so large that

e = ¢ = (),
Then, if/P be the quantity,
p= BC'—RC)
GRRCC nyny’
also G+R+FR

MM = GRROT
E(R'C'—RQ) |

P=+m+r ’ -
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and if H be the strength of the field in which the needle
hangs, T the time of a complete oscillation, £ the galvano-
meter-constant, and «.the angle through which the needle is
tarned, HT .
P= ps sin & 53
a _ mk E(R'C'—RC)
Slll HT m, . e e (19)

which leads to the condition that, when there is no throw of
the galvanometer, I'C’'=RC,

We proceed to inquire what resistances will give the most
accurate value for the capacity C in terms of (/, the known
capacity of a standard condenser when using a given galvano-
meter. Let us suppose the adjustment made by varying R,
and determine the error 8a produced in « by an error R in R
Then, remembering that, when the adjustment is perfect,
RC=R/C’ and a=0, if 8R is the error from perfect adjust-
ment, we have

2 En#itCéR .
Sa=—mrGiniw)’ - - - 0
/ /
and if 8C is the error in the capacity, since C——-ITC-,
. WUR _HTG+R+RHRC
C=—gr—=""gmcrr %
or, since CR=C'R/,
_HI(G+R+R)
e I ¢ 1)

Now k varies as the number of turns in the galvanometer,
and so also does G ;
K-—,uG,
HTSa (1 R’ ) .
9 LG + tER( (22)

and if we suppose that we are liable to an error da in a, the
error in C is least when the resistances R and R’ are both
high.

Thus it is best to usc, with a given galvanometer, high
resistances R and IV,

We arrive at the same result if we make the adjustments by
varying R/ instead of R.

3C=
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Again, let us suppose that we have a galvanometer with g
given channel, and we wish to fill it with wire so as to be most
sensitive.” Let 'V be the volume of the channel, y the radius
of the wire, [ its length, p its specific resistance, and suppose
we neglect the thickness of the covering; then

4py*=V,

_ pl _ 4pF
==
k=gp,

where g depends only on the form and dimensions of the
channel, 'We must therefore make

2
é{’,z’- +R+TR
{

a minimum. We find

49 R+R

VB“ —=0; . . . . . (2
and we get finally .

G=R+TR.

Now for a given value of &, R and R’ must be as high as
possible; therefore we must make the resistance of our galva-

nometer as high as possible.
Returning to the general case in which there is a leakage

in the condensers, and putting ¢=7, 7 being so large that the
terms involving e~*" may be neglected, we get

E ! R .
= G‘{R'/Tpf‘m}" s e ()
Thus there is a steady current through the galvanometer, and
the necdle is permanently deflected.
Again, if t=0, 2=0. But let us suppose ¢ very small, so
that, on expanding e~"!, powers higher than the first may be
neglected, and find the initial current. We find

CERO-RC,A/1, 1N p £\, o
2= GV RCRCT +G(G+of)(‘1t+p” R/+pf) §b (20)

1
which reduces, if we neglect powers of = above the first, to

BARO-RO L1 Ly DY,
=l Sewe teloro)F -2l - @
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By altering R the sign of this may be made to change, and
thus the initial current may be in the same or in the opposite
direction to the final.  In practice this is indicated by a short
kick of the needle in one direction, followed by a deflection in
the other.

On the same assumptions as to p, ¢/, let us find the quantity
of clectricity which passes through the galvanometer in time 7,
7 being very short, but yet 8o long that =™ may be neglected.
Integrating (16) and calling the quantity P, we have

!

G(E+ 1},-)+RR’(-1-+ 1,)
1’:_--—E—~[{R’C’—RC}{1— b =)

G+ R+ G+R+1IV

_fR R e ER I

{5 JRo+RC ]+ sGr—3 en

If 7 be very short, wo may neglect the last term compared
with the others, and, to the same degree of approximation with
respect to p p, we get as the condition of no kick,

!
R'C/—RC =(§ - %{) (L' +RO),

RC R R
R@_.l—z(-p—,—;). R 1)

Again, let £, as hefore, be the galvanometer-constant, and &
the permanent deflexion.  Then, from (23),

or

3/
g{%_g}zmna, @)
RO 20k
1—{@ = 1 — —-—E“‘ tﬂn 8 ; . . . - . . . (30)

and this equation cnables us to determine the capacity.

Let us suppose the adjustment made by varying . Then,
starting from a position in which the first kick is in an oppo-
site direction to the final deflexion, adjust R until that kick
3 just reduced to zero, and the spot of light moves oft gradu-
ally in the one dircction, and after some oscillations comes to
rest. Then, if § is the deflexion of the galvanometer-needle
the capacity is

A RYS DYENA
(= gl:l { 1 2§;A tan 8},
VOL. IV, B
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Unless the leakage is considerable, the correction will be very
small,

In measuring the capacity of many condensers, the diff.
culty is increased by the phenomenon of electric absorption,
In fact the condenser has no true capacity ; for the charge
produced by a given electromotive force depends on the time
during which that force has acted. We may, however, take
the capacity as the ratio of the instantaneous charge to the
electromotive force producing it; and in this case (contact
with the battery being maintained only for a very short time)
we may perhaps look on electric absorption as a kind of con.
duction through the substance of the condenser. We must
suppose that the resistance to the conduction is a function of
the time, which becomes indefinitcly great after a not very
long interval, but which we may perhaps treat as semsibly
constant during the time for which contact is maintained ;
and if py, p’ be the values of this resistance during that

interval, and, as before, we may neglect _F-'IT &c. and higher

0
-powers, we have, as the value of the capacity,

RC R
c=RC {1_2 ____)},
& <P/O P e

Thus.a small correction should be applied to the value BR—,

depending on the rate of absorption during the interval for
which contact is maintained with the battery. An approxi-
mation to this quantity may be obtained by charging the con-
denser for some time with a battery of known electromotive
force, and then allowing it to discharge itself at small intervals
of time through the galvanometer. On the whole, however, the
results of measurements made, neglecting this correction, are
fairly satisfactory.

The capacity of a paraffin condenser was determined by
several observers during the past term at the Cavendish Labo-
ratory. Their results differed by from % to 1 per cent. The
standard used was not in all cases the same ; and the measures
obtained by one observer, comparing this same condenser with
two different standards, differed by about } per cent. It
seemed possible to determine within 10 ohms, when each of
the resistances R, R’ was about 5000 ohms, the value of I
for which the initial kick was zero.



