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The current distribution in an isothermic isouopically conducting plate 
of circular form is investigated theoretically and experimentally, in 
the absence and in the presence of an external magnetic field that is 
perpendicular to the plate. The general solution of the Riemann-Hil- 
bert boundary value problem has been obtained under these conditions. 
The analysis of this solution points to experimental possibilities of 
determining parameters of a crystal under consideration such as the 
specific electric conductivity (in the absence and in the presence of 
an external magnetic field), the mobility of current carriers in it, and 
others. 

All the basic results of the calculations undertaken were experimentally 
verified and quantitatively confirmed in a series of tests carried out on 
homogeneous monocrystalline n-germanium (with the specific resist- 
ivity of 1.1 ohm cm) at room temperature. 

It is known that investigations into the galvanomagnetic phenomena 
(longitudinal and transverse magneto-resistance, the nsual, planar and 
longitudinal Hall effects and others) at the present time constitute not 
only a means of determining the characteristics of the parameters of 
the crystals in question (concentration of current carriers, their mob- 
ility, etc.) [1], but serve also as a proven and simple means of ob- 
taining important information about the zone structure of crystals 
[2-5]. 

Such broadening of the circle of problems affecting the sphere of gal- 
vanomagnetic investigations already begins not to correspond to the 
established traditions of carrying out these investigations on test pieces 
of rectangular shape (as a rule, in the form of parallelepipeds). This 
lack of correspondence is greater due to a number of completely log- 
ical causes, certain requirements as to the geometrical dimensions of 
such test pieces (the ratio of length to width) [6] can far from always 
be satisfied. We note in this connection that in the study of galvano- 
magnetic phenomena in impulsive magnetic fields, for example, the 
use of test pieces of cLrcular form would simplify the use of working 
volumes of small diameter. This, in the final analysis, is equivalent 
to broadening the scale of magnetic fields that can be used. 

The replacement of a rectangular plate by a circular disc enables us 
also to simplify a measurement of the parameters of semiconductor 
crystals which usually are obtained in circular form. 

Below we present theoretical and experimental investigations into 
the problem of measuring the galvanomagnetic effects in conducting 
crystals having a cimular form. 

w T H E  G E N E R A L  S O L U T I O N  OF T H E  P R O B L E M  OF 
E L E C T R I C A L  C U R R E N T  D I S T R I B U T I O N  IN A C I R -  
C U L A R  P L A T E  

F o r  an i s o t r o p i c  m e d i u m  in an i s o t h e r m i c  c a s e ,  on 
the  b a s i s  of  t he  p h e n o m e n o l o g i c a l  t h e o r y  we h a v e  the  
f o l l o w i n g  r e l a t i o n s  b e t w e e n  the  d e n s i t y  of  t h e  e l e c t r i c  
c u r r e n t  and the  e l e c t r o s t a t i c  p o t e n t i a l  [7]: 

Oq) �9 i #~ 
] ,  (p, 0) = - -  ~ ,  (H) ~ - -  opo (H) ~ oo 

jo (P, 0) = - -  ~e~, ( H )  ~ - -  ooo ( H )  
I a,:p 

p a 0 '  

H ---- H z . (1.1) 

" H e r e  jp, j0 a r e  t he  c o m p o n e n t s  of the  c u r r e n t  d e n -  
s i t y  v e c t o r  in a c y l i n d r i c a l  c o o r d i n a t e  s y s t e m ;  ~o(p, 0) 

i s  the  p o t e n t i a l  of the  e l e c t r o s t a t i c  f ie ld ;  (rpp(H), 
ap0(H) . . . .  a r e  t he  c o m p o n e n t s  of the  c o n d u c t i v i t y  
t e n s o r .  

Us ing  the  c u r r e n t  con t inu i ty  equa t i on  and the  s y m -  
m e t r y  c o n d i t i o n  of t he  c o e f f i c i e n t s  in Eq.  (1.1), we 
can  s h o w  that ,  f o r  the  a s s u m p t i o n s  adopted ,  the  p o -  

t e n t i a l  r  i s  a h a r m o n i c  func t i on  and is d e t e r m i n e d  
f r o m  t h e  b o u n d a r y  c o n d i t i o n s  (mo t ion  c o u n t e r c l o c k w i s e  
is  a s s u m e d  a s  the  p o s i t i v e  d i r e c t i o n  of  the  c i r cu l a t i on )  

o~ i 0~ 
~p~ (H)  ~ + ope (H)  r -8"6 = 0 on b~+, ( k=  , . . . . .  ,) 

a~ = 0 on a~b~ ~ap+,- al (1.2) 00 

T h e  c o n d i t i o n  (1.2) i s  f o r m u l a t e d  f o r  the  f i e l d  c u r -  
r e n t ;  i t  is  a s s u m e d  tha t  r e c o m b i n a t i o n  i s  i n s i g n i f i c a n t  
and tha t  t r a p s  f o r  c u r r e n t  c a r r i e r s  a r e  a b s e n t  on the 
s u r f a c e  of the  p l a t e ,  The  f i r s t  cond i t i on  s i g n i f i e s  tha t  

t he  n o r m a l  c o m p o n e n t  of the  c u r r e n t b e t w e e n  e l e c t r o d e s  
i s  z e r o .  T h e  s e c o n d  c o n d i t i o n  is  v a l i d  if the  s p e c i f i c  
e l e c t r i c  c o n d u c t i v i t y  of  t he  e l e c t r o d e  is  m a n y  t i m e s  
l a r g e r  than a00(H) of  the  m a t e r i a l  of the  p l a t e .  T h e n  

the  a r c s  akb k (F ig .  1, a) wi l l  be  e q u i p o t e n t i a l .  In a 
m a j o r i t y  of  c a s e s  of  p r a c t i c a l  i m p o r t a n c e  t h e s e  c o n -  
d i t i ons  a r e  we l l  s a t i s f i e d .  So lv ing  the  b o u n d a r y  v a l u e  

p r o b l e m  Eqs .  (1.2) f o r  r  0) we can  f ind the  v a l u e  

of the  o v e r a l l  c u r r e n t ,  Ik, f l owing  t h r o u g h  the e l e c -  
t r o d e s ,  and the  d i s t r i b u t i o n  of  the  p o t e n t i a l  on the  

b o u n d a r y  of t he  p l a t e  f r o m  the  f o r m u l a s  

L e t  a f i n i t e  n u m b e r  of e l e c t r o d e s  be  f i x e d  to t he  
s i d e  s u r f a c e  of  a p l a t e  of t h i c k n e s s  h and r a d i u s  r .  T h e  

s u b t e n d e d  a n g l e s  and r e l a t i v e  l o c a t i o n  of t h e s e  e l e c -  
t r o d e s  a r e  not  f i x e d  b e f o r e h a n d  (F ig .  l a ) .  An e x t e r n a l  

m a g n e t i c  f i e l d  H(0, 0, H z) is  h o m o g e n e o u s  in the  p l a t e  
and is  o r i e n t e d  n o r m a l l y  to it. T h e  c u r r e n t s  to be  d e -  
t e r m i n e d  in t he  p l a t e  a r e  a s s u m e d  to be  s m a l l ,  such  
tha t  t h e i r  own m a g n e t i c  f i e l d  is  s m a l l  in c o m p a r i s o n  
wi th  the  e x t e r n a l  f i e l d  and can  be  n e g l e c t e d .  
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Fig. 1. a) The d i ag ram os 
a d isk  with e lec t rodes  used 
to solve the boundary value 
problem in the genera l  case;  
b) the d iag ram of a disk with 
one pair  of symmet r i ca l l y  
located e lec t rodes  with the 
subtended angle equal to 2~. 
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Fig. 2. The re la t ion between ha~(0) 
and the angle (~. Ci rc les  indicate 
the exper imental  resul ts .  The ca l -  
culated resul ts ,  obtained from the 
formula (2.9), a r e  marked by the 

solid line. 
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Fig.  3. T h e  t h e o r e t i c a l  c u r v e  
of  t he  r e l a t i o n  b e t w e e n  ~ and  

H f o r  (~ = v / 4 ,  o b t a i n e d  f r o m  
t h e  f i r s t  f o r m u l a  (2.13) f o r  
t h e  c a s e  w h e r e  c u r r e n t  c a r -  
r i e r s  a r e  a b s o r b e d  in l a t -  

t i c e  o s c i l l a t i o n s .  C i r c l e s  
d e n o t e  the  r e s u l t s  of an e x -  
p e r i m e n t a l  c h e c k  of t h e  r e -  
l a t i o n  b e t w e e n  ~ and  H f o r  

t h e  s a m e  c o n d i t i o n s .  
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Fig. 4. The distribution of electric 

potentials on the periphery of the 

disk for H = 0 and ~ = i0, 30 and 

70 ~ calculated from the formula 

(2.17), is shown by the solid 
lines. The results of the corre- 

sponding experiments are shown by 

dashed lines. 
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T h e  f u n c t i o n  

W ( z ) =  U(p, e ) + i V ( p ,  0) = p ~ - - t  

(z = pe ~~ (1.4) 

h o l o m o r p h i c  in a c i r c l e ,  is  b r o u g h t  into the  a n a l y s i s .  
To  f ind W(z) we  ob ta in  the  R i e m a n n - H i l b e r t  b o u n d -  

a r y  v a l u e  p r o b l e m  with  d i s c o n t i n u o u s  c o e f f i c i e n t s  f r o m  
Eq.  (1.2): 

voo(H) U (r, O)--~oo(H)V (r, O) = 0 

f o r  ~ = re ~~ fo r  O~ ~ < 0 < o ~ l ,  

Y (r, O) = 0 f o r  z = r j  ~ fo r  O~ ~ < 0 < O~ ~ , 

a _ W (0) = 0 (k = 1 , . . .  ,,~; or+ ~ -  0~) �9 

I n s t e a d  of  (1.3) we  h a v e  

(1.5) 

%b 

I ~ = h % , ( f f )  I U(r ,  0) d0, 
% a  

~ o =  % ~ - -  ~ V(r,O)dO ( k = t  . . . . .  p). (1.6) 

It f o l l o w s  f r o m  t h e s e  f o r m u l a s  and the  c o n d i t i o n  
(1.5) tha t  I k and ~vO do not  depend  on the  r a d i u s  r of  t he  

p l a t e ;  t h e y  d e p e n d  on the  d i m e n s i o n s  of  the  e l e c t r o d e s ,  

t h e i r  r e l a t i v e  l o e a t i o n a n d  the  p l a t e  t h i c k n e s s  h. T a k i n g  

into  a c c o u n t  th i s  c i r c u m s t a n c e ,  we t ake  the  r a d i u s  of  
t he  c i r c l e  to b e  e q u a l  to 1. T h e  func t i on  W(z), by 

m e a n s  of  i n v e r s i o n ,  i s  a n a l y t i c a l l y  c o n t i n u e d  t h r o u g h  
the  a r c  akb k (k = 1 . . . . .  p) in t he  i n t e r i o r  of a uni t  
c i r c l e .  T h e n  i n s t e a d  o f  the  p r o b l e m  (1.5) we a r r i v e  at 
t he  g e n e r a l i z e d  p r o b l e m  of l i n e a r  union ( R i e m a n n ' s  
p r o b l e m )  [8, 9], which  can  be  s o l v e d  m o r e  s i m p l y  

tF+ (t) = - -  %~ (d) - -  %0 (H) 
%0 (d) + i%o (H) T -  (t) 

f o r  t = e ~~ fo r  0~ ~ < 0 < 0~.+l , 

�9 r + ( t)  = T -  

I ~+ (z) 

/ 

(t) f o r  t = e  ~~ f o r  0 ~ < 0 < 0 ~  ~, (1.7) 

f o r  I z I < l ,  

�9 F + (z) = w (z) = o" (p, O) + iv (p, O) 

f o r  l ~ l > ~ ,  (1.8) 

= U ( l l ~ , - - O ) - w ( i / ~ - -  o). 

At  the  p o i n t s  z = 0 and z = ~ the  p i e c e w i s e  h o l o -  

m o r p h i c  func t i on  ~(z)  i s  c h a r a c t e r i z e d  by  the  e x p a n -  
s i o n s  

tF+ (z) = A l~  A~~ ~ + . . . .  

'F-(~) = ~ ~ I~~ ( i .9) 

as  f o l l o w s  f r o m  the  t h i r d  c o n d i t i o n  (1.5) and (1.8).  

T h e  so lu t i on  of  t h e  p r o b l e m  (1 .7 ) - (1 .9 )  i s  c o n -  
s t r u c t e d  in a c l a s s  of f u n c t i o n s  which  h a v e  i n t e g r a b l e  

s i n g u l a r i t i e s  a t  t he  p o i n t s  a k, b k (k = 1 . . . . .  p). T h e  
l a t t e r  po in t  to an  i n c r e a s e d  d e n s i t y  of the  e l e c t r i c  
c u r r e n t  in the  n e i g h b o r h o o d  of  t he  ends  of  the  e l e c -  
t r o d e s .  

315" Z # ~  ~ 2 5 J  ~ 225 ~ 

ez='-.-72 _ ! "  0 

~, ~., SY xx\  

11 

\ *  x " . .  ', \!! 

-o.j ~ 

45  ~ 71 ~ 105 ~ 135 ~ 

F i g .  5. T h e  p o t e n t i a l  d i s t r i b u t i o n s  on the  
c i r c u m f e r e n c e  o f  t he  d i s k  f o r  v a r i o u s  
v a l u e s  of  t he  p a r a m e t e r  • f o r  a = v / 4 :  
i ) •  = 0 ,  2 ) •  =0 .2~ ,  3 ) •  = 0 . 5 ,  4) x = 

= 1 . 0 ,  5) X = 2 . 0 ,  6) X = 6.3.  

T h e  f u n c t i o n  tI,(z) v a n i s h e s  a t  inf ini ty ,  and a t  t he  

po in t  z = 0 i t  a s s u m e s  the  z e r o  v a l u e  

P p 
[z - -  exp (i0~a)] J/*-e 

[-- ( 0 , r  + Ok b) - -  is (Oj~ ~ • exp 

P(z)  = Ciz v-1 4- C2z~-2 + . . .  + C~_iz �9 (1.11) 

H e r e  

t 6p0 (H) 
= ~-  arc tg R~a (H) H s = "E arc ~g 

, t )  

%~ (H) 
/~H = H[%v ~(H)+%r ' 

6 (g)  = %p~ (H) -~ %o~ (H) ( t .  ] 2) 
%o (H) 

T h e  c o n s t a n t s  C k = A k '  + i B ~ ( k  = 1 . . . . .  p) in Eq.  
(1.11) a r e  c o n n e c t e d  by the  r e l a t i o n s  

A~:~-i + iB~-~_i ~ A ~ ' - -  iBk'. (1.13) 

In the  f o r m u l a  (1.10) t he  r o o t  i s  t aken  wi th  the  p o s -  
i t i v e  s ign,  and  u n d e r  t he  f u n c t i o n  

P 

X (z) = i ]  [z - -  exp (i0~a)] -'h-~ [ z - -  exp (i0~b)] -v~+e 

i m p l i e s  a c u r v e  wh ich  f o r  l a r g e  Izt a s s u m e s  the  f o r m  

t T-~-i X (z) = -~- 27 ~ + . . .  (I z t -~ ~ ) .  (1.14) 
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Equa t ions  (1.1),  e x p r e s s i n g  the g e n e r a l i z e d  O h m ' s  
law, a r e  wr i t t en  in the complex  f o r m  

The cons tan t s  AI ' ,  BI ' ,  Ap', B 2' . . . .  a r e  d e t e r m i n e d  
f r o m  the so lu t ion  of the s y s t e m  

1 ( z )  = j~ (p ,  O) - -  i io (p,  o)  = 

=--[o.~ ( / / ) -  i%o(// ')1 ( ~ - ~ - -  " ~ a (~  T W ) "  ( 1 . 1 5 )  

In obta in ing  Eq. (1.15) we have used  the condi t ion 
of s y m m e t r y  of the  conduct iv i ty  t e n s o r  in an i s o t r o p i c  

%0 

%a 

%b 

" f . . . . .  , )  
oka 

(1.21) 

0.~ 

0 

/ 

Fig .  6. The t h e o r e t i c a l  r e l a t i o n  

2CPH/q~e = f (X). 

m e d i u m  

epo (H) = - -  ~o~ (H), ~ (H) =r  (H) . (1.16) 

Tak ing  into account  the Eqs.  (1.4) and (1.8), we 
obta in  the sought fo r  c u r r e n t  d i s t r i bu t i on  in the c i r  eu l a r  
p l a t e  

] (z)  = 1~ - -  i]o = - -  ~ [~p~ (H)  - -  i,po (H)] ~F + (~) (1.17) 
t *  

o r  

1 
] (z) = ]~ + i]o = - -  -~ [zp, (H)  + izpo (H)I ~F + (z) �9 (1.18) 

The cons tan t s  Ck r e m a i n  to be  d e t e r m i n e d .  F o r  th is  
we m u s t  en l i s t  add i t iona l  bounda ry  condi t ions .  F o r  
th is  i t  i s  suf f ic ien t  to spec i fy  e i t h e r  the po t en t i a l s  on 
the  e l e c t r o d e s  o r  the  va lue s  of the c u r r e n t s  f lowing 
through  them, o r  to spec i fy  the po t en t i a l s  on c e r t a i n  
e l e c t r o d e s  and the  c u r r e n t s  in the  o the r s .  Let ,  f o r  
example ,  the va lues  of the  c u r r e n t s  Ik(k = 1 . . . . .  p) be  
g iven.  The  n o r m a l  component  of the c u r r e n t  in the  
e l e c t r o d e s  is  g iven by the f o r m u l a  

]~ ( i ,  o) = - ~ ( H ) ~  § ( o )  (1.19) 

Here ,  a s  is  e a s i l y  shown, 

�9 +(0) = T [A 1' cos (I /~p i)0 - -  

We conc lude  by  f inding the unknown cons tan t s  of 
the  g e n e r a l  so lu t ion  of the p r o b l e m  of c u r r e n t  d i s t r i -  
but ion in a c i r c u l a r  p la te .  

w A PARTICULAR CASE: A P L A T E  WITH ONE 
PAIR OF ELECTRODES 

As an app l i ca t ion  of the g e n e r a l  theory ,  le t  us 
c o n s i d e r  the  g a l v a n o m a g n e t i c  phenomena  in a s e m i -  
conduc to r  p l a t e  with one p a i r  of s y m m e t r i c a l l y  l oca t ed  
e l e c t r o d e s  (Fig .  lb ) .  To f ix i deas  we take  a nonde-  
g e n e r a t e  n - t y p e  s e m i c o n d u c t o r  having a s i m p l e  zone 
s t r u c t u r e  and an a r b i t r a r y  a b s o r p t i o n  m e c h a n i s m  of 
c u r r e n t  c a r r i e r s .  

To obta in  c o n c r e t e  va lues  f o r  the  coef f i c ien t s  in 
Eq. (1.1), we m u s t  tu rn  to the  k ine t i c  equat ion of 
Bol tzmann,  whence we obta in  the  equat ion fo r  the c u r -  
r en t  [10] 

= E - -  J ~ i + (e~'H / mc)a 

neS > E x H .  
--m--~-c < t  ~2 -~ (e'~H / mc) 2 (2.1) 

He re  e, m and n a r e  the  cha rge ,  m a s s  and con-  
cen t r a t i on  of e l e c t r o n s ;  ~- is  the r e l a x a t i o n  t ime;  H 
is the m a g n e t i c  f i e ld  in t ens i ty  vec to r ;  E is the e l e c t r i c  
f i e ld  in tens i ty  vec to r ;  c is  the ve loc i t y  of  l ight .  

The symbo l  ( g )  deno tes  the a v e r a g i n g  i n t e g r a l  

r 

Its n u m e r i c a l  va lue  depends  on the a bso rp t i on  m e c h -  
a n i s m  of e l e c t r o n s  in the  s emiconduc to r ,  w h e r e  ~0, T 
a r e  the  e n e r g y  and t e m p e r a t u r e  of the e l e c t rons ,  and 
k0 is  Bol tzmann~s cons tan t .  D e c o m p o s i n g  Eq. (2.1) 
a long the a p p r o p r i a t e  axes  of the c y l i n d r i c a l  c o o r d i -  
na te  s y s t e m ,  we obta in  

0(p i 0(p 
]p (p, O) = - -  ~,~ ~-p + ~.~ P ao ' 

-- B 1' sin (~/PP - -  t )0  + A (  cos • (1/~p _ 2)0 

- -B~'  sin (U~p - -  2)0 + . . .. + 1/~ A~/.p], 

P 

T - 1 = 2  1~=1 (sin ~ ) ' / ' + ~  (sin ~ ) ' / 2 - ~ .  (1.20) 

09 t ocp 
ie (O, 0) = - -  X~ - ~ - -  Xl ~ oo ' 

rte2 %' 

neaIt / .C ~ \ 
mac \ t + (eTH / mc) 2 / ~  

< (2.2) 
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F o l l o w i n g  the  r e s u l t s  of the  p r e c e d i n g  see t lon ,  f o r  
the  g iven  c a s e  we have  

p l a t e  r e s i s t a n c e  ~2 a s s u m e s  the fo l lowing  s i m p l e  f o r m  
f o r  H ~ 0, when  2o~ = rr/2 

(z) - C* 

W §  f o r  I z i < i ,  

t ] ( z ) =  ! = i l ' = "  V ( x ~ - - i ~ ' ) •  

0(p . 0q~ \ ~W] ---- --  x (p ~ - -  ~ (~,~-- ~ )  ~ (z), 

= ~-  arc ~ = are tg B~5 (H)H,  0 < ~ , (  ~, , 

- -  X~ ~ + X2~ ( 2 . 3 )  

Using  the  f o r m u l a s  of S o k h o t s k i i - P l e m e l ,  a f t e r  a 
n u m b e r  of t r a n s f o r m a t i o n s  we f ind  the  d i f f e r e n c e  of 

p o t e n t i a l s  b e t w e e n  the  e l e c t r o d e s  2~e ,  the  o v e r a l l  
c u r r e n t  I f lowing  th rough  the e l e c t r o d e s  and  the  p l a t e  
r e s i s t a n c e  ~2. T h e s e  i n t e g r a l  c h a r a c t e r i s t i c s  of the  
p l a t e  in the g e n e r a l  c a s e  depend  on the  p h y s i c a l  p a r a m -  
e t e r s  2,~, ~ and  the g e o m e t r i c a l  q u a n t i t i e s  c~ and  h 

2q%(~.~, )~, ~r = Z.,C~N((z, e) (2.4) 
r  

I (Lx, ~ ,  a,  h) = gxhCzQ (o;, ~), (2.5) 

(2.6) "7 -  = ~ V ~  (2 (~, s) ' 

w h e r e  

N (~, ~) = i [sin (0 + ~)]-'/'+~ [sin ( 0 -  a) l -V,-~ dO, ( 2 . 7 )  

0 (~, ~) = 

t B I~/a ( i  - -  2s), % (l + 2e)] 
f2 (~,l, Xe, h) = h V ~  B [Va (l + 2e), V* (i --  2e)]" ' (2.11) 

H e r e  B(p, q) is  the  b e t a  func t ion .  T a k i n g  into a c c o u n t  
the  s y m m e t r y  of the  b e t a  f u n c t i o n  wi th  r e s p e c t  to i ts  
p a r a m e t e r s  B(p, q) = B(q, p), we f i n a l l y  o b t a i n  

(L~, X~, h) = l cos ne 
h T~L-~-§ ;%'~ = ~ ' (2.12) 

The  f o r m u l a  (2.12) is  the  exac t  s o l u t i o n  of the  o r i g -  
i na l  b o u n d a r y  v a l u e  p r o b l e m  fo r  ~ = 7r/4; i t  is va l i d  
f o r  any  m a g n e t i c  f i e ld  (not  ye t  l e a d i n g  to quan t i za t i on ) .  
We a l so  r e f e r  to the two a p p r o x i m a t e  f o r m u l a s  f o r  
weak  0zH/e  << 1; t e r m s  o f t h e o r d e r  H 2 a r e  r e t a i n e d  in  
the  e x p a n s i o n s  ~ and  R 2 wi th  r e s p e c t  to H) and s t r o n g  
(#H/c  >> 1) m a g n e t i c  f i e l d s  r e s p e c t i v e l y  

~2 (H, ~ . . . .  ) = ~2 (H) = 

= f~ (0) [ t --  2 ~-~-)(~r~ 7 ~  + < ~ >  ~-/I~H~ W~'J<T~>~I-v' 
( . o) 

~ ( n , e , H , h ) =  H 1t = Rn~o -7[," (2.13) 

Al though  the  p l a t e  r e s i s t a n c e  g r o w s  a s  H i n c r e a s e s ,  
t he  m a g n e t o - r e s i s t a n c e  of the  s e m i c o n d u c t o r ,  as  was 
to be  expec ted  in the  f r a m e w o r k  of the  k i n e t i c  t h e o r y  
in the case of H ~ ~, reaches saturation. 

B. I~ The expression for the potential distribution 
on the boundary of the plate is obtained from the sec- 
ond condition of Eq. (1.6): 

~+a 

-- I [sin (0 + ct ~ ~)]-'/~+~ [sin (0 - -  a)] -'/~-~ dO. (2.8) 

A. 1 ~ . Le t  us  a n a l y z e  the  f o r m u l a  (2.6) in  the  a b -  
s e n c e  of the  m a g n e t i c  f i e ld  

t ~' (a, 0) __ 
(Z, a, h) = zh q (~, 0) 

t K ( c o s c r  
~h K (sin ~) ' (2.9) 

H e r e  e is  the  s p e c i f i c  e l e c t r i c  c o n d u c t i v i t y  of the 
s e m i c o n d u c t o r ,  K(k) i s  a c o m p l e t e  e l l i p t i c  i n t e g r a l  of  
the  f i r s t  k ind .  T h e  c o n n e c t i o n  e s t a b l i s h e d  h e r e  b e t w e e n  
the  p l a t e  r e s i s t a n c e  f2 and  the  c o n d u c t i v i t y  cr a s s u m e s  
a p a r t i c u l a r l y  s i m p l e  f o r m  fo r  ~ = 7r/4: 

~- ne 2 <~> h (2.10) 

2 ~ . However, if H ~ 0, then difficulties arise in the 
case of arbitrary values of c~ in calculating the integrals 

according to the formula (2.6). The expression for the 

V 

• i[sin (0 + a)] -~/~§ [.sin (0 ~ a)l-V~"tdO. (2.14) 

The  r e a l  c o n s t a n t  C1 is  d e t e r m i n e d  f r o m  Eq. (2.4) 
o r  (2.5). 

In the  a b s e n c e  of a m a g n e t i c  f i e ld  Eq. (2.]4) is  r e -  
duced  to the  f o r m  

-- 1% [t - -  F (';1, cos ~) / K (Cos ~)l f o r  c~ .,< 0 ~ 1/2~ 
-- [ ~ F  (~.~, cos ~) / K (cos ~) f o r  1/~.~ < 0 < = - -  a 

tg a t -  [i + tg ~a \1/, ~ ' l = a r c c o s t ~  7 2 = a r c  g l ~ j  " (2.15) 

Here F($, k) is an incomplete elliptic integral and 
K(k) is a complete elliptic integral of the first kind. 

It should be pointed out that when H = 0, the orig- 

inal problem of Riemann-Hilbert becomes a mixed 

problem of the theory of holomorphie functions; its 

solution is known [8-9, ii]. Therefore the resulting 
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E q s .  (2 .9) ,  (2 .10)  a n d  (2.15)  a r e  a l s o  o b t a i n e d  c l i r e c t l y  

b y  a p p l y i n g  t h e  f o r m u l a  of  K e l d y s h - S e d o v .  

2 ~ . L e t  u s  c o n s i d e r  n o w  t h e  p o t e n t i a l  d i s t r i b u t i o n  

o n  t h e  b o u n d a r y  of  t h e  p l a t e ,  w h e n  H ~ 0 a n d  (~ = 7r/4. 

In  t h e  s a m e  w a y  a s  in o b t a i n i n g  t h e  f o r m u l a s  (2 .15) ,  

w e  a s s u m e  t h a t  t h e  p o t e n t i a l s  o n  t h e  e l e c t r o d e s  a r e  

g i v e n  ((Palb i = g0e, rPa2b 2 = -~Oe; F i g .  1, b) ,  a n d  d e t e r -  

m i n e  t h e  c o n s t a n t  C1 f r o m  t h e  r e l a t i o n  (2 .4) .  W e  t h e n  

o b t a i n  

8 tVdl_~.)F 
= % 1 I - -  2~ • 

X 4 ' 4 , ~ , t  , 

t = s i n  2 (0 - -  I/ag) ~ 
0 ~ t < l  1. (2.16)  

H e r e  Bt(p ,  q),  I t (p ,  q) a r e  i n c o m p l e t e  b e t a  f u n c t i o n s ,  

a n d  B(p ,  q)  i s  a c o m p l e t e  b e t a  f u n c t i o n ;  F ( p ,  1 - q ;  

p + 1; t) i s  a h y p e r g e o m e t r i c  s e r i e s .  

F o r  w e a k  and  s t r o n g  m a g n e t i c  f i e l d s  t h e  v a l u e  of  

t h e  p a r a m e t e r  e, d e f i n e d  b y  Eq .  (2 .3) ,  i s  g i v e n  r e -  

s p e c t i v e l y  by  t h e  f o r m u l a s  

- - - - -~arc tg  c <~>~ ' 

 = arotg < ' ' >  < ~ ) _ , f  �9 ( 2 . 1 7 )  

3 ~ . EXPERIMENTAL RESULTS AND COMPARISON WITH THE THEORY 

The tests to check certain results of the theory presented here were 
carried out on n-germanium having specific resistivity 1.1 ohm cm and 
possessing a fairly high degree of homogeneity. The measurements 
were carried out on a plate with the diameter equal to 29 mm and the 
thickness h = 0.87 ram, with two symmetrically located electrodes. 
The plane of the disk coincided with the crystallographic plane (111). 

The contacts were soldered to the plate with tin containing some anti- 
mony; in the range of currents used they were ohmic. All this reliably 
ensured that the boundary conditions formulated in posing the problem 
were satisfied. The experiments were carried out at room temperature 
over an interval of magnetic fields of 1300 < H < 7900 Oe, by the 
compensation method, for two directions of I and H. The generaliy 
adopted precautionary measures for eliminating exposure, effect of 
convective heat flows and other disturbances were observed. 

A. 1". The relation between the general resistance, a, of the 
plate and the subtending angle of the electrode, 2c~, was experiment- 
ally verified in the absence of a magnetic field. From the measured 
data f? (0) = ~(a) we have constructed the relationship between oh f~ (0) 
and the angle a,  represented by the circles in Fig. 2. In calculating 

oM?(0) we have used the value of o measured on a rectangular plate 
which has afterward cut out from the disk under consideration. The 
calculated data of the same relation obtained from gq. (2.9) is shown 
in Fig. 2 by the continuous line. The test and theoretical data coin- 
cide wholly for almost all angles c~. This allows us to recommend the 
formula (2.9) for the determination of the specific magnetic con- 
ductivity o directly from the measured general resistance a of the 
plate. For this it is convenient to use electrodes with the subtended 
angles c~ = 10, 45 and 80* for which from Eq. (2.9) we respectively 

obtain 

2 1 
= h ~ ( 6 ,  h, c r  ~ ) ' ~ h~2(6,  h , a = 4 5  ~ ) 

l 
~ 2h~ (6, h, a ~ 80 ~ " (3.1) 

2% It is of interest to measure the general resistance from H. The 
relation between f~ and H was specificaliy verified for the case c~ = 
= lr/4. The calculated results, obtained for the case of lattice absorp- 
tion from the first formula (2.13) (for the value p = 3100 c m / V  sec), 
are shown in Fig. 3 by the solid curve; the points here represent 
the results of the tests carried out. It follows from Fig. 3 that the ex- 
pression obtained here for f~ (in a quadratic approximation with respect 
to the magnetic field) agrees well with the test results. Therefore, 
when working in the region g H / c  << 1, the first formula (2.13) together 
with the Hall effect data can be used to elucidate the absorption 
mechanism of current carriers. For a known absorption mechanism it 
can be used to  determine the mobility values. 

The second formula (2.13) is also of interest for us, from a view- 
point of its practical use. But it is advisable to leave the analaysis of 
this problem until after this expression has been experimentally veri- 
fied. 

B. 1". In Fig. 4 the solid lines represent the theoretical 
potential distributions between the electrodes on the circumference of 
the disc for H = 0. These were calculated from Eq. (2.15) for three 
values a = 10, 30, and 70*. In the same figure the experimental 
data (under the conditions assumed here) are shown by the dashed lines. 

The potential distribution predicted by the theory agrees fairly 
well with the test results. Some slight discrepancies are observed for 
small values of a ,  and they are apparently connected with the effect 
of the small inhomogeneities that exist in any crystal. Their appear- 
ance for large disk dimensions and small c~ seem to be more probable 
for a number of reasom. 

2 ~ Considerably more interesting theoretically and more import- 
ant in practice are the potential distributions obtained for various H, 
which for a = ~/4 are determined by the first expression (2.16). Un- 
fortunately, the incomplete beta functions are not tabulated for the 
parameter values p = (1 ,-  2e)/4 and q = (1 + 2s)/4 where 0 -< a < 1/2, 

and the hypergeometric series in terms of which they are expressed 
converges very slowly. Therefore the improper integrals determining 
the beta functions were calculated by the method of excluding singu- 
larities proposed by L. V. Kantorovich [12]. The theoretical curves 
of potential distributions on the circumference of the disk, for various 

values of the parameter X = RHO(H)H = pHH/c, and the experimental 
data for X = 0.25 are shown in Fig. 5. The solid lines in this 
figure correspond to the potential distribution on the arc bla2 (see 
Fig. 1, b); the dashed lines refer to the arc b 2 a r. The test results 
agree weil with the theory; this enables us to determine experiment- 
aliy the Half mobility gH = xc/H on test pieces having the form of a 
disc. 

For this it is convenient to measure the Hall voltage between the 
points 0 '0" of the test piece (see Fig. 1, b). From the value of this 
voltage we find • by means of the theoretical curve 2@H/~P e = f(• 
(Fig. 6). The value of PH is determined from • (for a given H). In 
our tests we obtained 2~H/ee  = 0.321, which corresponds to • = 0.25; 
PH = 3180 cmZ/V sec. Measurements of the Hall effect on a rectan- 
gular plate cut out from this disk gave ~H = 3100 cmZ/V sec. 

In conclusion we note that a different method of calculating the 
fields in semiconductor phates for certain regions, and recommen- 

dations for determining the galvanometric parameters are discussed 
in [13-15]. 

T h e  a u t h o r s  t h a n k  V. V.  G a i d u c h e n k o  f o r  h i s  h e l p  

i n  c a r r y i n g  o u t  t h e  t e s t s .  
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