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The total current to an equipotential disk imbedded in an infinite,
insulating plane is I = uxaQO, where Kk is the conductivity, a is the disk

radius,_anvaOHis the potential of the disk relative to infinity.
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In ordef to obtain.the conceﬁtratioh and activation overpotential for
a.rotating disk electrode it is necessary to subtract from the meaSuréd
overpotential the ohmic potential drop between the referequ electrode probe
and the disk. . The ohmic drop for a small disk is céncentrated in the solu;
-tion near the disk. vRatHer_than‘try to put the prohe. from a reference
electrode wvery near the surface and thus distort the‘potential aqd vélocity
distributions, one can estimate the_ohm}p drgp from the resistance between a
disk imbedded in the surface of.an~insﬁlat6r.gﬁd a counter electrode at
.infinity. .This procedure does not account for deviations from.the primary
current distribution.

For the pur@ose of calculating the potential distribution from Laplace's

equation, we use elliptic coBrdinates*fi and M related to cylindrical

‘These are related to "oblate spheroidal codrdinates” by € = sinh p and

N = cos 6.
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where a is the radius of the disk, z is the normal distance from the disk,

. and“rais¢$hemdistance4from.the,axis'ofvsymmetry,v,In.this coardinate‘system

Laplace!s equation is-

3 [(ue?) 2l 2 o >%?J -0,

. and the boundary conditions are

® =0, at £ = 0.{on the disk electrode). -
aé/aﬁ = 0 at 1=0 (on the insulating aﬁnulusja
= 0 at § = = (far from the disk). |
o well\géhaved at M=l (on the axis of éhe disk).
To obtain a solution by thévmethod ‘of s€paration of variables ﬁe set
| = p(n)a(g) -

The differential equations for P and Q are

v:d_dﬁ“['(li_nQ)‘ g—ﬁ] + nP = 0, diél[(“gz) dg]_ nQ =

where n. is. the. separation constant. The solutions of these equations are

Legendre functions. In order to have well behaved solutions, n is restfictedl
to values n = £(£+1) where £ = 0, 1,.2,_,_, . . In order to satisfy the.

condition on the insulating surface, £ must be even. It turns out that the

.condition @ = ®o on the disk can be satisfied simply with the solution‘féf*

n.= Q.. Integration thus yields
: 21
‘Q/Qo =1 - (&/m) tan ~€ .

The current dengity at the disk surface can then be evaluated as folldws:

36 <2 2K
i = =K. :g Lo _ 0O .
~ﬁl5E man g1 Va2-r2
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.and the.resistance is

Hence the total current to the disk is

o
I= E%k/i’ irdr = HKa@O 5
R = @O/I = 1/bka .

.This.résult agreés satisfactorily with that of Grabeg'for.the analogous heat

conduction problem. The resiStancequ‘a hemisphere of radius. a mounted

.on;an>insulating planevié_easily.Calculated to be l/2mka. Hence the resis-

-tance of the. disk is greater than that of a hemisphere by a factor of

/2 = 1;5708°

For a 0.1 M copper sulfate solution and a 0.5 cm (dia.) disk the above
formula .givés.R = 114.7T ohms since k = 0.00872 (anm)—l for this solution
at 25°C=.

Far from the disk the potential approaches

(D—)Q(I).Oa/ﬂp ag. 0= o

where p is the. distance from the center of the disk in spherical coérdinates.
This-fOerla can be used to estimate the error for the situation where the

reference electrode is not. at. infinity and the. potential field is distorted

by the walls 6f the cell.

The ohmic. resistance of the solutidn is tabulated below for séveral

possible locations of the probe fromjthe'reference electrode. These show

. that .even with the prObe.oﬁly half a millimeterufrOm the surface, the resis-

tance_is‘byuno,means"negligiblea Far from.the.disk.the'resistanbe is not very
sensitive.to the location.of the probe. These considerations suggest that

it is better to put the probe somé distance'fromvthe_disk.



“ ' Apparent Registance for Various Probe Positions

a = 0.25 cm, K = 0.00872 (Q-cm)™t
\;}
o : r | z R . probe
. cm cm - ohm position
; j {
3 -0 © 0,05 14.48 below the aisk
Y. 0 0.1 27.78 below the disk
o 2.5 107.43 below the disk |
2.5 0 | 107.39 beside the disk
2.7 0 107.93 beside the disk
oo, o 11k.7 . at infinity
Ll \-
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