
This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 131.91.169.193

This content was downloaded on 03/10/2015 at 22:52

Please note that terms and conditions apply.

On a Method of Comparing the Electrical Capacities of two Condensers

View the table of contents for this issue, or go to the journal homepage for more

1880 Proc. Phys. Soc. London 4 207

(http://iopscience.iop.org/1478-7814/4/1/324)

Home Search Collections Journals About Contact us My IOPscience

iopscience.iop.org/page/terms
http://iopscience.iop.org/1478-7814/4/1
http://iopscience.iop.org/1478-7814
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


207 

XXII. On a Nethod of Comparing the Electrical Capaoities of 
two Condensers. By R. T. GLAZEBROOK, M.A., Fellow of 
Trinity Cotlege, and Demonstrator of Experimental Physics 
at the Caveadish Laboratory, Cambridge *. 

THE following is a well-known inethod of comparing the 
capacities of two condensers :- 

Let A, A’ be the outer coatings, B, B’ the inner of two con- 
densers. Connect AA’ together, and to one pole of a 
battery. Connect B to ;L resistance R and to one pole of ;L 

galvanometer, B’ to another resistance R‘ and to the other 
pole of the galvanometer. Connect the other ends of RR’ 
together and to a key K, and let the second screw of the key 
be in connexion with the other pole of the bsttory. Let C C’ 
bo the capacities of the condensers. On depressing the key 
the condonsers 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 VI be the potential of A, Va of the other pole of the 
battery, V of B, VI of B’, at  time t .  Let G be the galvano- 
meter resistance. 

Reail Jenuaq 22,1881, 
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Let I = current in R ;  

b1 = current into condenser A ; 

,r = current through galvanometer ; 
Q) Q' = tho quantities in the condensers. 

Lf = >> R'; 

Ll' = >> 7)  B; 

Lot us further suppose that there is n m a l l  leakage througi, 

Then we have 
the condensers, p p' being their resistnnces. 

dQ' V'-V, 
I+ - +--- 

clt P' i 
From these we obtain:- 

@> GX+RL-WL'=O; . . . . . . . . 

On substituting we have 

' (7) GB + RA - RIA' = 0, . , . . . . 
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whence 

Eliminating A A‘ we arrive at  the quadratic, 

T,ct u1 1i2 be the roots, and let 



210 XR. R. T. GLAZEBROOK ON A METHOD OF COlKPAl~ING 

solviiig for bl h2, we get 

(14) 

E A,= - 

+ix ‘(’-””)I, 1w 1c+p . . . . . , . (15) 

and similar values for A,’ A i .  
Hciicc we find 

R 

1 1 

I]. . . . . . . . . (1G) 

Lot us tala bhc casc in which therc is no loalrago first, 

,v = - ). . . (17) 

Thus, if 12C=R’C’, ivc SC‘D that x is zcro for all values of t. 
Thc total cffcct on tho galraiioiiictcr, sincc tho tiiiie of 

chnrging is short, is 1xo1mtional to  the quantity of electricity 
which passes. To find this we iiitcgrnte the value of LL’ with 
rcspcct to t froni 0 to T, a i d  snppose T so ln~ge that 

I i + p  R’+p’ 

p = p’ = 33 , :111cl 
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snd if H be the strength of the field in which the needle 
hangs, T the time of a complete oscillation, k the galvano- 
meter-constant, and a the angle through which the needlo is 
turned, HT a p = -  7rh sin i- ; 

a rk E(RV-RCj  
, a .  sin2 = -- . . (19) HT ’ (G+lC+RR/)’ ’ 

which leads to thc condition that, when there is no throw of 
the galvanometer, R’U= RC. 
WO proceed to  inquire what resistances will give the most 

accurate value for the capacity C in terms of C’, the known 
capacity of a standard condenser when using a given galvano- 
meter. Let 11s suppose thc adjustinent made by varying R, 
and determine the error 6a produced in a by an error SR in R; 
Then, remembering that, when the adjustment is perfect, 
RC=R’C’ and a=O, if- SR is the error from perfect adjust- 
ment, we have 

( 20) H T ( G + I ~ + R / ~ ;  a * * 

2 E7rkCSR -- 
R’C‘ nnd if 6C is thc error in the capacity, siiice C=- R ’  

or, since CR= C’R‘, 

Xow k varies :IS thc number of tnriis in the galvanometer, 
and so also does G ; :. K=pG, 

:. 6C=- HTSa -+-+q; 1 1 * , (22) 
2E7rp l G  R GK. 

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

Thus it is best to UBC, with n given gnlvanoinetcr, high 
~.csistniices R and R’. 

We arrive at the same result if we make the adjustments bj- 
varying R’ instead of R. 
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Ag;iin) let us suppose that we have n galvanometer with a 
given channel, and we wish to fill it with wire so as to be nlost 
scneitivc: Lct V be the ~ o l u m e  of the channel, y the radius 
of the wire, I its length, p its specific resistance, and suppose 
we iieglect the thickness of the covering; then 

4p+ v, 
pl  4pl' 

n-y v G= -2 = ---j 

rs =Bp, 

where 9 depends oiily on the form and diiiieiisions of the 
channel, We must therefore iiiakc 

4pP -v- + R + R '  

and we get finally . 

G=R+R'. 
Now for  a given value of G) R and R'must bo as high as 
possible ; therefore we must inake the resistance of our galw 
noineter as high as possible. 

lteturning to the general case in which there is a leakage 
in the condensers, niid puttiiig t = ~ ,  T being so large that tho 
terins iiivolving e-?iT may be neglected, we get 

. 6 * , I (24) 
----I R 

"= Y G R/+p' R + p  
Thus there is n steady current through the galvanometer, and 
the needle is prinanently deflected. 

But let us suppose t very small, EO 

that, 011 expanding e-nt ,  powers higher than the firRt may JIG 
neglected, and find the initial current. 

Again, if' t=O, x=O. 

W e  find - 
) '  t )  (25) R'U-RC +++,)(------ I1 1 1 p 

BC: H'G' CT c c 11t-p 12/+p' J- 
1 

which reduces, if we neglect powers of above the first, to 
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By altering R the sign of tliis inay bc made to clinngc, ancl 
thus the initial currcnt ni:iy be in tlic S;III~C or i l l  tllc o~)l~osiito 
direction to the f i~ in l .  In practice this is indicated Lya short 
kick of the ncedlc in one direction, followcd Ly a dcflcction in 
tllC other. 

On the sameassumptions as to p j  p', Ict us find tho quantity 
of electricity which p s c s  through the galvanoniotcr in tiinc T, 
7 being very short, but yet so long that c-n7 inny bo neglected. 
I~ltcgrating (16) ancl calling the quantity I', WO have 

* R/ ") -(p'--} R' II {RC+R'C')] +i(a-p T. (27) 

If T bc very short, wc may neglect tlie last term coinparod 
T\ it11 the otlicrs, :incl, to tlic same degrcc of :q)prosiination with 
re.pcct to p p, w u  got as thc colidition of no kick, 

or 

Again, lct k, as Ijefore, be tlie g:~l~n~ior~~eter-const:lnt, and 6 
tllc 1)crni:iiicnt def-lcsion. Tlien, froin (ij), 

. . . . . . .  (30) 
2Gk tan 6 ; RC -- - 1 - 

1VC' E 
a n d  this equation cnables us to determine tlic cnpacity. 

Let us supposc the adjustnicnt ninclc by wry ing  11. Thcn, 
starting from a position in which the first kick is in ai1 oppo- 
citct direction to thc final dcflcsion, nc1,just R until that kick 
:J just reduced to zero, and tlic spot, of' liglit IiioI'cs oA'gr:du- 
:illy in the one clircctioii, ant1 after some oscill :i t' ions coiiics to  
rest. Thcii, if 6 is tho dcflusioii of thc fiall\.nnoiiicicr-iiecillo 
the capacity is 

VOL. IV. 1t 
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Unless thc leakage is considerable, the correction will be very 
small. 

I n  measuring the capacity of many condensers, the d& 
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 tiiiic 

during which that force has acted. We may, however, take  
the capacity as the ratio of the instantaneous charge to tha 
elcctromotive 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 89 a kind of con- 
ductioii through the substance of the condenser. We must 
suppose that the resistance to the conduction is a function of 
the tiinc, which becomes indefinitely great after a not very 
long interval, but which we may perhaps treat as sensibly 
constant during the time for which contact is maintained ; 
and if po, p'o be the values of this resistance during that 
interval, and, as bafore, we may neglect - &c. and higher 

$powers, WO have, as the value of the capacity, 

1 
P: 

C = n l c l {  - 91. 
RIG' !kusla small correction should be applied to the value R, 

depending on the rati 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 a t  small intervals 
of time through the galvanometer. On the whole, however, the 
results of measureinentv made, neglecting this correction, arc 
fairly satisfiictory. 

The capacity of a paraffin condenser was determined bp 
several observers during the past term at the Cavendish Labo- 
ratory. Their results differed by from Q to I 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 4 per cent. It 
seemed possible to determine within 10 ohins, when each of 
the resistances R, R' was about 5000 ohms, the value of R 
for which the initial kick was zero. 

It P o  P 


