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The two-dimensional problem of the current distribution on the 
surface of permeable electrodes contiguous with a stream of incom- 
pressible medium with Hall effect is considered. An electrically con- 
ducting medium with the same physical properties as those of the 
main stream is pumped in (out) through the electrodes. 

This problem was solved in [1] for one particular case when the 
electrodes are impermeable. It was established that due to the Hail 
effect in magnetohydrodynamic channels the current is distributed non- 
uniformly on the electrodes; for values of the Hall parameter of the 
order of several units or greater, the current flows into an isotropically 
conducting medium mainly from a small portion on the edge of the 
electrode. It was also noted that this phenomenon creates unfavorable 
conditions for the operation of electrodes in magnetohydrodynamie 
devices. 

It is shown in what follows that the current distribution on the 
electrodes may be controlled, and in particular made more uniform, 
by injecting an electrically conducting medium. 

1. Suppose we have an inf ini te  plane magne tohydro -  
dynamic ehannel  with segmented  e lec t rodes  with d i -  
m e n s i o n s  sma l l  compared  to the width of the channel.  
Now, s ince  the p rob l em is to find the c u r r e n t  d i s t r i -  
but ion on the e lec t rodes  only, it is quite suff icient  to 
inves t iga te  the behavior  of the c u r r e n t  on the e l e c -  
t rodes  of j u s t  one wall  and neglect  the inf luence of the 
other  wal ls .  Such an a s sumpt ion  does not introduce 
any apprec iab le  e r r o r  into the r e su l t s  and s impl i f i es  
the solut ion of the p rob lem cons iderab ly .  

Making this s impl i f ica t ion ,  we shal l  a s s u m e  that  
the s t r e a m  of conducting med ium v(u(x, y), v(x,y) ,  0), 
having t so t ropic  conduct ivi ty ,  f i l l s  the lower  ha l f -  
p lane,  and that the r ea l  axis  coincides  with the d i r e c -  
t ion of the wall  (Fig. 1). The s egmen t s  akb k (k = 1, 2, 
. . . .  p) in Fig.  1 indicate  the por t ions  of the e lec t rodes  
which come in contact  with the s t r e a m  of med ium,  
while the r e m a i n i n g  por t ion  of the r ea l  axis  Ox r e p -  
r e s en t s  the boundary  of the insu la t ing  wal ls .  It is 
a s s u m e d  that the ex te rna l  magne t ic  f ield H(0, 0, Hz) 
is un i fo rm in the lower ha l f -p lane ,  and that  the m a g -  
net ic  se l f - f i e ld  of the c u r r e n t s  cons ide red  in the m e -  
dium is sma l l  and may  be neglected.  

The e lec t rodes  of the other  wall  of the channel  a r e  
r emoved  to an in f in i te ly  d i s tan t  point.  

We have the fol lowing s y s t e m  of equat ions for  f i nd -  
tng the c u r r e n t s  in the lower  ha l f -p l ane :  

j :~ = ~ ( _  _g~_x + T a p  i v H o ) - -  oy~ ] y , 

oy 

O/x o/u : Ou Ov 
0~ -~ ~ -  0, 0--~ @ 7y = 0, H0 -~ Hz. (1.1) 

Here  Jx(X,y), jy (x ,y)  a r e  the components  of the 
c u r r e n t  vec tor ,  q)(x,y) is the potent ia l  of the e l e e -  
t r o s t a t i c  f ield,  (r is the e l e c t r i c a l  conduct ivi ty ,  wr  

is the Hall p a r a m e t e r ,  and cr and COT a re  constants .  
Assuming  that the p rope r t i e s  of the m a t e r i a l s  of 

which the e lec t rodes  and insula t ing  walls a re  made 
a r e  perfec t ,  we obtain the boundary  condit ions for 
which the sys t em (1.1) mus t  be solved, 

]~+c0~]~=+aHov(X),  % < x < b ~  at y 0 

] u = 0 ,  b~<x<%+l at y = 0  

. . . . .  , ) (1.2) 
ap+ 1 = a l  

At infini ty there  a re  c u r r e n t  sources  or s inks.  
On the a s sumpt ions  which have been  made  it  follows 

f rom sys t em (1.1) that the e l ec t r i c  c u r r e n t  f ield is 
solenoidal  and i r ro ta t iona l ,  and that consequent ly  we 
may int roduce the complex potent ia l  of the e l ec t r i c  
c u r r e n t  F(z) by the fo rmulas  

oP oq oP _ OQ 
]~ (x, g) = ~ = oy , ]9 (x, y) og o~ 

F (z) = p (z,  y) § iQ (x, y) (~ = ~: + iy) 

dF (z) OP 
d~ =-~-. + i ~  ~ ] ~ ( x , ~ ) - - i ] ~ ( z ,  g), 

dF (z) 
d~ = ] (z) (1.3) 

In (1.3) P(x, y) is  the potent ia l  ftmetion, and Q(x, y) 
i s  the e l ec t r i c  c u r r e n t  funct ion;  j (z) i s  the complex 
e l ec t r i c  cur ren t .  

De te rmin ing  the cu r r en t s  in the ha l f -p lane  Im z < 
< 0 now reduces  to the following boundary  p rob lem for 
the complex cu r r en t :  

Re {(t + i ~ )  ] (z)} = L~_ ~ (x) on  L', 

I m ] ( x ) = 0  onL".  (1.4) 

Here  L' ind ica tes  all  the segmen t s  akb k (k = 1 . . . . .  
p), and L" the r e m a i n i n g  par t  of the r ea l  axis .  

In view of the in i t ia l  a s sumpt ions  j (z) is c h a r a c -  
t e r i z e d  at  infini ty by the expans ion  

7~ 
] ( z ) =  ~ - f - ~ + . . z  ., [zl-~oo. 

The boundary  p rob lem (1.4) may  eas i ly  be solved 
by reduc ing  it to a gene ra l i zed  l i n e a r  boundary  value 
p r ob l e m [2, 3]. In o r de r  to do this we make  an a n a -  
lyt ic  cont inuat ion  of the funct ion j (z) into the upper -ha l f  
plane and impose  the condit ion that v(x) should sa t i s fy  
a HSlder condi t ion on L' .  We shal l  des ignate  the upper  
and lower  ha l f -p l anes  by S + and S- ,  and in pas s ing  
a round the r ea l  axis  we shal l  take the posi t ive  d i r e c -  
t ion  to be that which leaves  the reg ion  S + on the left.  
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F r o m  (1.4) we  t h e n  o b t a i n  t h e  f o l l o w i n g  g e n e r a l i z e d  
l i n e a r  b o u n d a r y  v a l u e  p r o b l e m  ( R i e m a r m  p r o b l e m ) :  

~'+ (z) =- t + io~x W- 2zH0v (x) on  L', 

U/+ (x) = W-(x )  on  L", 

{~: + (z) a t  z ~ S+, ~'+ (z)=/(z--=~-), 
( z ) =  u:-(z) a t  z ~ S - ,  q ~ - ( ~ ) = / ( : ) .  (1.5) 

T h e  s o l u t i o n  of  t h e  b o u n d a r y  v a l u e  p r o b l e m  (1.5),  

w h i c h  v a n i s h e s  a t  i n f i n i t y ,  in  t he  c l a s s  of f u n c t i o n s  
u n b o u n d e d  (but  i n t e g r a b l e )  a t  t he  e n d s  of t h e  e l e c t r o d e s  
h a s  t h e  f o r m  

P 

- ~Ho X (Z) = [I (Z--a~) -'I'-'(z-b~) 'I,+,.~= 
V, + 

P 

X i l k~=l (x __ a~//,+, (x __ ~ (z) dx~ ..~ ClZP.._l . 

+ C~z~-~ + . . .  -F C , } ,  

(e = ~t-~aretgcox, 0 -%e<~h) .  (1.6) 

F o r  t h e  f u n c t i o n  u n d e r  t h e  p r o d u c t  s i g n  in  (1.6) we 

choose t h e  b r a n c h  w h i c h  i s  c h a r a c t e r i z e d  f o r  l a r g e  

iz ! by  t h e  e x p a n s i o n  

H (z - a~) -~'-" ( z "  ~)-'/'+' - ~ + %+~ -~ - .  (1.7) 

~ n e  c o m p o n e n t s  of the  e l e c t r i c  c u r r e n t  ix ,  Jy on  t he  
e l e c t r o d e s  a r e  f o u n d  f r o m  t h e  S o k h o t s k t i - P l e m e l  

f o r m u l a  
~/+ (x) + ~- (=) 

j,, (x)  = 
2 

- c (t + +~+)  "-F [ [  (z  - -  a+) - ' / ' ' '  (x - -  b+)-V'+' I X 
k ~ l  

X tac ( - i - ~ " r  b I H ( t - -a~) ' / '+ ' ( t - -b~)V '~  T-:-E -[- 

~o~ ( c ~  ~-~ + C,~-* + . . .  §  (1.8) 

J~, (=) = ~'+ (=) - ~,- (=) 
2i 

_ ~zHov  (z) ] f i  (x - -  a~) -v'-" (x - -  b#) -'A+' X 
c (t + ~)'~D --" k=, 

P 
r ~Ho ~ f -- ak) '/'+' (t --b~) '/'-" v(t)dt , 

_~. C~::-1+ C : t ~  + . . .  + C v [ (1.9) 
t f t  + ~'~, J �9 

$§ 

0 "x 
| ~ u~,,~ S- 

F i g .  1 

The  c o n s t a n t s  C k (k = I, 2 , . . .  , p )  a r e  d e t e r m i n e d  
u n i q u e l y  f r o m  t h e  l i n e a r  s y s t e m  of  p e q u a t i o n s  

b k 

f ] u ( x )  d x = I k  ( k = l , 2  . . . . .  p) (1 .10)  
ak 

w h e r e  I k is  t h e  t o t a l  c u r r e n t  f l o w i n g  t h r o u g h  t h e  k - t h  
electode. 

In the solution obtained Jx and jy go to an infinity of order less 
than unity at the points a k and b k. Physically, these singularities 
indicate a concentration of currents at the ends of the electrodes and 
in their neighborhood. Other solutions may also be constructed which 
remain bounded close to any previously specified ends of the elec- 
trodes (where they necessarily vanish). In concrete cases the choice 
of the required solution is determined on the basis of additional phy- 
sical conditions and assumptions. In particular, we must take into 
account the electrical circuit joining the electrodes, their relative 
positioning and dimensions, the law of normal velocity distribution 
on the electrodes, and other conditions. The general number of alt 
possible solutions is equal to 2 2 P [2, 3]. 

-tJ -8.5 0 #. 5 x 

Fig .  2 

2. We s h a l l  m a k e  a d e t a i l e d  e x a m i n a t i o n  of  t he  

p a r t i c u l a r  c a s e  w h e n  a s i n g l e  e l e c t r o d e  of f i n i t e  d i -  

m e n s i o n s  

a b  = 2 / ,  - - l ~ x . ~ l  f o r  y = 0  

is  s i t u a t e d  o n  t he  wa l l .  

Al l  s o l u t i o n s ,  t he  n u m b e r  of w h i c h  is  e q u a l  to  22 , 

a r e  now d e t e r m i n e d  o n l y  by  t he  c o n d i t i o n s  g o v e r n i n g  

t h e  i n j e c t i o n  of c o n d u c t i n g  f l u i d  t h r o u g h  t h e  e l e c t r o d e .  

We s h a l l  c o n s i d e r  t h e s e  s o l u t i o n s  a n d  d e d u c e  t h e  
c o n d i t i o n s  w h i c h  t he  i n j e c t i o n  v e l o c i t y  a t  t h e  e l e c t r o d e  
s h o u l d  s a t i s f y  in  t h i s  c a s e .  

(a) S o l u t i o n  u n b o u n d e d  a t  b o t h  e n d s  of  t he  e l e c t r o d e .  
In t he  a b s e n c e  of p u m p i n g  (v(x) = 0 on  ab)  a s p r e a d i n g  

ou t  of t h e  c u r r e n t  f l o w i n g  t h r o u g h  t h e  e l e c t r o d e  in t h e  

r e g i o n  S -  w i l l  b e  a c c o m p a n i e d  b y  a c u r r e n t  c o n c e n t r a -  
t i o n  at the ends of the electrodes a and b. The current 
distribution on the electrode is found on the basis of 
the solution already obtained (1.8), (1.9), 

r ]x (x) = } f ~  (1 ~- x)-V'-" (l - -  x) '/ '+' ' (2 .1)  

- -  C X)_t/t.+~ , i~ (z) r  (t + z) - ' / ' -" q - 

(2 .2 )  
( - - t < z < 0  �9 

The  c o n s t a n t  C i s  d e t e r m i n e d  f r o m  t h e  c o n d i t i o n  
(1.1o) 

! 
--C 

g ~  I (l + x) -'/'-+ (l - x) =v'+" dx = 
--I 

= -- Or (112 --  e) r (% -~- e) = 
l~ t + co~r 2 

--nC f 
COS ~le V I -~ (oz~ ' '  = 

(2.3) 

Formulas (2.1) -(2.3) show the influence of anisotropic conductivity 
of the medium on the current distribution at the electrode. As the 
parameter wr increases, the current density increases at the edge of 
the electrode near the end a and decreases correspondingly at the end 
b. This effect is illustrated in Fig. 2, where curves j+ = 7rjy(X)/l are 
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constructed for four values of the parameter wr= O, 1, 3 and 10, while 
for simplicity in the calculations it was assumed that l = 1. 

// 

lo 

YI 
-I.0 -0.5 0 0. 5 1.0 

Fig.  3 

If v(x, 0) ~ 0 at the e lec t rode ,  then ins tead of (2.2) 
we have 

o'rcdtov (z) zHo (1 -4- x) ~/~-~ (l - -  =)-'1"+~ 
Ju (r) = c (t + ~ )  ~c (l + o~)  X 

l 

X S (l -J- t) '1~+" (l _-- t) V~-~ v_t_~_.x~(t) dt F I (l @ =x) -'/=-']/~l.__..~(l e)'~ ~,)-'/~+" 
--I 

(--z~<=, t~<l).  (2.4) 

We omit  the fo rmula  for  the tangent ia l  c u r r e n t  com-  
ponent  at the e lec t rode  he re  and in what follows; if 
n e c e s s a r y  it may eas i ly  be wr i t t en  down us ing  the 
boundary  condit ion (1.2) or  the Sokhotsk i t -P lemel  
fo rmula .  

In accordance  with (1.6), the c u r r e n t  d i s t r ibu t ion  
next to the e lec t rode  is de t e rmined  f r o m  the following 
express ion :  

~Ho (, + z)-'/.____~ ~ (!-___0-'! ~+" ~ (l + z) '/~+~ ( l - - x )  '/~-~ ~ (~) ~ ] ( z ) ' =  

! l)-,l=+, (z + l)"/'-" ( z - -  ( ~ s - ,  -z<~<z). (2.5) 

(b) Solution bounded close to end a and unbounded 
close to end b, In order  that the current  jy(X), de-  
termined by fo rmu la  (2.4), should take bounded values  
close to end a of the e lec t rode ,  including the point  a, 
it is c l ea r  that  the in teg ra l  equat ion 

I 
t ~ I l + t  \ - 'h+~ 

T v H ~  o l-7----7-) v ( t ) d t = I ] / l  + ~  
--I 

( - - l  ~< t~< l) (2.6) 

m u s t  be sat isf ied.  
This r e l a t i on  d e t e r m i n e s  how the conducting m e d i u m  

should be pumped in (or out) over  the sec t ion  ab as a 
funct ion of the s ize  and d i rec t ion  of the total  c u r r e n t  
flowing through the e lec t rode ,  and of other  phys ica l  
p r o p e r t i e s  of the s t r e am.  

F u r t h e r ,  taking into account  the ident i ty  

l 
S v (t) dt (I + t) '/'+" (l - -  t) '/~-' i - ~ - 

--! 
l 

= (t + x) ( I ~ + t ~ -'~'t~ ~ (t) et 
~_t\ ~ - t  / t - =  + 

( ~ + ~  1 - ' / , + ,  + ! \ l - - t  / v ( t ) d t  ( - - l ~ t ~ < l )  (2.7) 
--I 

and the condition (2.6), we obtain f rom (2.4) the cur ren t  

dis t r ibu t ion  at the e lec t rode  and in its neighborhood 

o~zHov (=) 

l 
~Ho (l + =) ' /~ '  (l - -  z)  -'/'+E (' l + t - ' , + '  

_ ,,~ (' + " : " : )  ~ ~ ;LT:-r~ ' ,' (0 ~ 
- '  (2.8) 

} (~) = 

i v (=) dz = ~ H o ( z + l ) ' / ' - ~ ( z - - Z )  - ' / ~  ( l + x ) - ' h + ~ ( l _ _ x ) ' / ~ . ~ _ _ _ ~  
ac y t § o~x ~ --Z 

( - - l ~ < z ~ < l ,  z ~ _ S - ) .  (2.9) 
It is c l ea r  that  close to the end a of the e lec t rode  

the c u r r e n t  is bounded and at  the point a i tself  takes 
the value zero.  

To i l l u s t r a t e  the fo rmulas  obtained we shall  con-  
s ider  an example.  We shall  suppose that v(x) ma in ta ins  
a constant  value over the en t i re  length of the e lec t rode  
and introduce the notat ion 

3~(~Hov (x) = h ~ =  const, - - l < x < l  at 

Then taking into account  the fact that 

l 

-~z (l + t) -v~+~ (l--:)'/~ dt = 

= 2lr ( ~  + 8) r ( 3 - - s )  = ~' ( ' -  2~)eos ~8 

y = o .  (2.1o) 

(2.11) 

we find f r o m  (2.6) that  

A o = I / u L ( l - - 2 8 ) .  (2.12) 

II : / / I  
t l \ \  I o "w"/': 

-1.0 -0.5 0 #.5 z 

Fig. 4 

The integrals  in (2.8) and (2.9) a re  calculated with 

the help of Cauchy's theorem of residues.  When the 

necessa ry  t ransformat ions  and calculations a re  c a r -  

r ied  out, we finally obtain 

J" h f "  + z  f / ~ - ' l  ~F=(z) = =z( l - -2s)  L - - ~ /  J' 

i 6) = & + iiu when z ~ s§ 
�9 . ( z )  = i ( z ) = & - - i i ~  when z ~ s - .  (2.13) 

Hence 

j ,  (z) = 
~I'~ + (z)  - -  V a -  (z)  _ T (l + ~)Vr~ (l - -  x)-'h+~ 

2i nl (t -- 20 ] / i  + o2~ 

( - - l ~ < = ~ Z ) .  (2.14) 

curves of j* = ~jy(x)/I are constructed in Fig. 3 for four values of 
r = 0, I, 3 and 10 using this formula. Comparing these with similar 

curves in Fig. 2, it may be noted ~at when the conducting medium 
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is pumped in, the given form of distribution of the normal current 
component at the electrode is evened out. This effect is strengthened 
as the parameter wr increases, especially in those cases when the non- 
uniformity of the current distribution due to the anisotropy of the con- 
ductivity of the stream is particularly large. This is distinctly visible 
if Fig. 4 is considered, where the curves of j* are represented by solid 
lines for case (a) when there is no pumping, and by dotted lines for 
case (b). 

(c) S o l u t i o n  b o u n d e d  c l o s e  to e n d  b a n d  u n b o u n d e d  
c l o s e  to e n d  a. Al l  t h e  d i s c u s s i o n s  a n d  c a l c u l a t i o n s  in  

t h i s  c a s e  a r e  j u s t  t he  s a m e  as  in  t h e  p r e v i o u s  c a s e ,  

a n d  s o  we s h a l l  g i v e  on ly  t h e  f i n a l  f o r m u l a s  a n d  c o n -  
f i ne  o u r s e l v e s  to  b r i e f  o b s e r v a t i o n s .  

The  c o n d i t i o n  w h i c h  m u s t  now b e  o b e y e d  by  the  i n -  

j e c t i o n  r a t e  a t  t he  e l e c t r o d e  is  a s  f o l l o w s :  
l 

~ H ~  ~ f ( 1 q- t ~'I~+~ v (t) d t  = - -  [ l~ t q -  o)~'r ~ 
c ~ \ l - - t /  

--I 
( - - l  ~<t~< 0 .  (2.15) 

The  c u r r e n t  d i s t r i b u t i o n  a t  t he  e l e c t r o d e  a n d  in  i t s  

n e i g h b o r h o o d  i s  d e s c r i b e d  b y  t h e  f o r m u l a s  

~TZltoV (~) 

~Ito( l  q - x ) - V ~ - S ( l - -  x)'/  ... .  ~ { l ~ - t  ~'h+~ v ( t )  dt  
- ~ 8 - - V ~  3 \ ~ - t  i t - ~  

( - - l ~ z , t  ~ l ) ,  (2.16) 

l 
- -  zHo (z Jr l) -'1~-~ (z - -  l) 't"+z t ( l - -  x ~'/~ +~ v (x) dx 

] ( z )  = ~ V i + (o2T~ - z  t l - �9 I x - ~  

(--l~<x~<l, z ~ S - ) .  (2.17) 

J u s t  a s  b e f o r e ,  f o r  t h e  s a k e  of a n  e x a m p l e ,  we 

s h a l l  s u p p o s e  t h a t  t h e  v e l o c i t y  a t  t h e  e l e c t r o d e  i s  c o n -  
s t a n t  a l o n g  i t s  e n t i r e  l e n g t h  a n d  we s h a l l  i n t r o d u c e  t h e  
n o t a t i o n  

I aHoy(X) = hb = c o n s t ,  - - l~<z~<l a t  y = 0 .  (2.18)  c 

T h e n  f r o  m (2.15 )-- (2 .17)  we  o b t a i n  

_ _ - - x  tFb (z) = ~i (7_~ 2e) [ l  __ (-7~7)z--I '/~+~], (2 .19)  A~> = ~1 (1 + 2s)' 

] u ( x )  = I ( l  + x ) - l l " - ~ ( l - - x ) ' l :  +~ ( - - l g x g . l ) .  ( 2 . 2 0 )  
~l (1 q- 2e) ]/'1 q- (o2"r ~ 

The curves for the current j* = Vjy(X)/I are given in Fig. 5. By 
examining them we see that pumping the conducting medium through 
the electrode at a constant velocity v(x) = Abc/oH 0 achieves the 
opposite effect from that obtained previously. The nonuniformity of 
current distribution at the electrode increases, as is clear by comparing 
the curves in Figs. 2 and 5. 

The different current distributions at a permeable electrode in the 
solutions given above are explained by the fact that the pumping in 
or out of conducting medium through the electrode along the channel 
wall induces an electromotive force which is directed either against 
the longitudinal Hall emf or in the same direction as it. In the first 
case there is compensation of the longitudinal Hall emf as a result 
of which the electric current flows more uniformly through the porous 
electrode than through a continuous electrode under the same influence 
of the Hall effect. This case corresponds to the solution considered 
in paragraph (b). In the opposite case the longitudinal Hall emf com- 
bines with the emf induced by the pumping, and the nonunfformity of 
current distribution along the electrode is enhanced. This result is 
obtained in paragraph (c). 

(d) S o l u t i o n  b o u n d e d  c l o s e  to  b o t h  e n d s  of t h e  e l e c -  
t r o d e ,  In t h i s  s o l u t i o n  t h e  c u r r e n t  d e n s i t y  jy(X) m u s t  

a s s u m e  b o u n d e d  v a l u e s  c l o s e  to the  two e n d s  of t he  

e l e c t r o d e  a a n d  b i n c l u d i n g  the  e n d s  t h e m s e l v e s .  C l e a r l y ,  

c o n d i t i o n s  (2.6) and  (2.15) m u s t  in  t h i s  c a s e  be  f u l -  
f i l l e d  s i m u l t a n e o u s l y .  A d d i n g  t h e m ,  we o b t a i n  the  s i n g l e  
c o n d i t i o n  

l 
I( l+t)- ' i~+r (--1N<tGl) .  (2.21) 

i l  

Lt\' " ~ ZS' 

t \  CO'r=O 

-l.O ~g,5 0 0.5 
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The  s o l u t i o n  i t s e l f  h a s  t he  f o r m  

(o'~Z~oV (x) 

l 
~Ho (l + x) '12-~ (l -- x)'A-~-E 

--  ~ c ~ - j ~ T )  I (l + t ) - '  .... (l--t)-V2"~t(t)dt--,r 
--I 

( - - l G x ,  tGl )  (2.22) 

i (~) - - -  

l 
--~H0(z q- l) 'lr'~ (z U l) 'I2+~ 

+ l (l + ,) 0 - x) 
- - l  

( - - l ~ < x ~ l ,  z ~ S - ) .  (2.23) 

I t  f o l l o w s  i m m e d i a t e l y  f r o m  (2.21) t h a t  i t  is  i m p o s -  
s i b l e  to o b t a i n  a c u r r e n t  d i s t r i b u t i o n  b o u n d e d  c l o s e  to 
b o t h  e n d s  of t h e  e l e c t r o d e  if v(x)  m a i n t a i n s  a c o n s t a n t  

v a l u e  o v e r  t h e  w h o l e  l e n g t h  of t h e  e l e c t r o d e .  In  a l l  

t h r e e  c o n d i t i o n s  (2.6) ,  (2 .15) ,  a n d  (2.21) t h e  n o r m a l  

v e l o c i t y  a t  t he  e l e c t r o d e  a p p e a r s  in  t h e  i n t e g r a n d ,  a n d  
so  f o r  e a c h  of t h e  s o l u t i o n s  c o n s i d e r e d  t h e r e  a r e  m a n y  

f u n c t i o n s  v(x)  f o r  w h i c h  t h e y  a r e  s a t i s f i e d .  
In conclusion we note the similarity which exists between the 

problems of the electrodynamics of a cominuous medium which have 
been considered, and contact problems in elasticity theory. The cur- 
rent distribution along the electrode has the same form as the pres- 
sure distribution in an elastic body under a rigid die. We have in mind 
the plane contact problems of elasticity theory in the presence of 
frictional forces considered in monographs [4, 5]. 
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