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The  p r o b l e m  of the  f ie ld  and c u r r e n t  d i s t r i b u t i o n  in a conduc t ing  con t inuum con ta in ing  s p h e r i c a l  
i n c l u s i o n s  tha t  d i s p l a y  the  Ha l l  e f fec t  is  s o l v e d .  An equa t ion  fo r  the  e f f e c t i v e  conduc t iv i t y  t e n s o r  
of such  a m e d i u m  is  ob ta ined  and s tud i ed .  It is  a s s u m e d  tha t  the c o n c e n t r a t i o n  of i n c l u s i o n s  is  
low. 

As  a c o n s e q u e n c e  of the  Ha l l  e f fec t ,  the  c o n d u c t i v i t y  of a m e d i u m  in the  c a s e  of a p l a s m a  and s e m i c o n d u c -  
t o r s  in a m a g n e t i c  f ie ld  i s  d e s c r i b e d  by a t e n s o r  which,  in the  t h r e e - d i m e n s i o n a l  c a s e ,  has the  f o r m  

Ci -00 ) = ~ .  I 0 , t y ~ = ~ f ( t + 1 3 ' ) ,  

0 ~ / ~  

w h e r e  a is  s c a l a r  conduc t iv i t y  and p is  the  Hal l  p a r a m e t e r .  A m agen t i c  f ie ld H is d i r e c t e d  a long  the z ax i s  
[tt = (0 ,  O, H ) ] .  

We a r r i v e  a t  the equa t ions  

v.j=0, v• /=&E, 

d e s c r i b i n g  the  f ie ld  and c u r r e n t  d i s t r i b u t i o n ,  d i s r e g a r d i n g  induced  m a g n e t i c  f i e ld s .  The  u s u a l  con t inu i ty  c o n -  
d i t ions  of t he  c u r r e n t  componen t  n o r m a l  to t he  b o u n d a r y  and the t a n g e n t i a l  c o m p o n e n t  of the  e l e c t r i c  f ie ld  a r e  
s a t i s f i e d  at  the  b o u n d a r y  of the  h e t e r o g e n e o u s  m e d i u m .  

The  p r o b l e m  of the  f ie ld  and c u r r e n t  d i s t r i b u t i o n s  in the  r e g i o n  of a s p h e r i c a l  h e t e r o g e n e o u s  i nc lu s ion  
has  an e x a c t  so lu t ion  w h e n e v e r  the  m a s t e r  p h a s e  c o n d u c t i v i t y  is  a s c a l a r  01 and the conduc t iv i t y  of the  i n c l u -  
s ions  is  a t e n s o r  ~2- 

It is  conven ien t  to i n t r o d u c e  the  e l e c t r i c  p o t e n t i a l s  ~~ = -V~ol,2)in o r d e r  to  s o l v e  the p r o b l e m  by  
m e a n s  of  a s y s t e m  of equa t ions .  A l l  p h y s i c a l  c o n s t a n t s  of the  m a s t e r  p h a s e  and of the  i n c l u s i o n s ,  r e s p e c t i v e l y ,  
a r e  def ined  h e r e  and be low by the s u b s c r i p t s  "1" and "2" 

When a u n i f o r m  e l e c t r i c  f i e ld  EI (~  ) is def ined  at  inf in i ty ,  the  g e n e r a l  so lu t ion  of  the p r o b l e m  for  a s p h e r e  
of r a d i u s  R s i t u a t e d  a t  the  c o o r d i n a t e  o r i g i n  has  the  f o r m  

th--- - - -El(cr  ) - r + ( A .  r)/r s, r r, 

w h e r e  A and B a r e  c o n s t a n t s  d e t e r m i n e d  f r o m  the  b o u n d a r y  c o n d i t i o n s .  

Let  us p r e s e n t  equa t ions  fo r  the  e l e c t r i c  f i e ld  E 2 and c u r r e n t  ]2 in the  r e g i o n  of an i n e l u s i o n  tha t  wil l  be 
h e n c e f o r t h  n e c e s s a r y  in o r d e r  to d e t e r m i n e  the e f f ec t ive  conduc t iv i t y  t e n s o r :  

3a. 
] ~  = (as + 201) (~+ tg~ ~ (]~x ( ~ ) ~  tg ste]l ~ (~o)), (1) 

j2y = (6: + 261) ( t  + tg2 ~ (tg :n8]1 x (c~)  .at- ] ~  (m:~)), 
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The reduced  Hall  angle  ?re is d e t e r m i n e d  by the equat ion 

,~e=arctg [2~2al/(a~2~l) ] 

and is the angle be tween the c u r r e n t  componen t s  J2x and J2y (~ ~ = arctanj2y/J2x)  whenever  a field EI (~  ) of 
the f o r m  

El,:-=Elx(co), E~=O,  E~z=O when r--~ co. 

is defined at infinity.  

The cons tan t  A n e c e s s a r y  for  de t e rm i n ing  the field beyond the inclus ion has the f o r m  

A =R~(E~(oo) - -  E~). 

The field and c u r r e n t  d i s t r ibu t ion  found in Eq. (1) al lows us to d e t e r m i n e  the ef fec t ive  conduct iv i ty  
t en so r  ~eff connec t ing  the v o u m e - a v e r a g e d  e l e c t r i c  field s t reng th  Eef  f and the e l ec t r i c  c u r r e n t  dens i ty  Ief f  , 

Let  us c o n s i d e r  the v o l u m e - a v e r a g e d  in t eg ra l  

= 

I 

and take  into account  the fact  tha t  a field equal  to  the ef fec t ive  field is defined over  inc lus ions  in the m e -  
dium at infinity,  a r r i v i n g  at an equs t ion  fo r  the ef fec t ive  conduct iv i ty  t e n s o r ,  

o",,! = (116ik ~-  3 c o l  

i 
h - -  ~ tg 2 ne 

i -Jr tg 2 ~s 

3 tg ne l 

3 tg ~ l 0 
2 t-~-tg2~e t_~2.~.z 

i 
A - -  " T  tg~ ne 

, 0  
2 Z l  ~ i -{- tg ~ n8 i -]- tg ~ ~ e  l -}- G~ 

0 , 0 , A  

, (2)  

where  (a2-a l ) / (a2  + 2r ( -1 /2  - A  -< 1) is the r e l a t i v e  f luctuat ion of conduct iv i ty ,  c is the concen t ra t ion  of 
connec t ions ,  and 6ik is the K r o n e c k e r  symbol .  

It is  of i n t e r e s t  to  de t e rmine  the l imi t s  of appl icabi l i ty  of Eq. (2) as  a funct ion of c. This cannot  be 
done in the g e n e r a l  c a s e ,  t h o u g h , a c c o r d i n g  to p rev ious  r e s u l t s  [1], c < 0.25 for  the t e n s o r  component  (2) 
a long the magnet ic  field (and t he r e by  fo r  the componen t s  a c r o s s  the magnet ic  field). 

It is c l e a r  f r o m  Eq. (2) tha t  in the magen t i c  field,  the magnet ic  conduct iv i ty  of the med ium as a whole 
b e c o m e s  a t e n s o r  due to the conduct iv i ty  and an i so t ropy  of the inc lus ions  even with a low concen t ra t ion  of 
inc lus ions.  

in ana lyz ing  Eq. (2), it is convenient  to cons ide r  an addi t ional  t e r m  ad = a e f f -  r 6ik, which contains  
a componen t  ad = 3calA,  independent  of the magne t ic  f ield,  and components  that  a r e  funct ions of the m a g -  
net ic  field.  We m a y  in t roduce  the e f fec t ive  conduct iv i ty  ade and the effect ive Hall  p a r a m e t e r  fl de for ~d 
in a plane n o r m a l  to H, 

' ~ ' ) (1 + ~e)/(t + tg ~ ~8), Ode = 3c~ 1 ~A --  7 tg~- ~8 

3 l 

The "addi t ional"  c u r r e n t  th rough  the inclus ions  and a s soc i a t ed  with ede  and ~de is de t e rmined  by 
the equat ions  

la=~dEl(co); ~ a = ~ d j ( t - - i ~ ) ;  

Id=Id~-i /du;  E~(co)=Ev:(co)~-iEl~(co); i 2 = - - t .  

The a s y m p t o t i c  f o r m u l a s  for  field and c u r r e n t  in a s t r ong  magnet ic  field (fi2_>>1) have the f o r m  
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3 3 3o, Elz (::~), {3) E~  = 7 EI~ ( ~ ) '  E2~ = T EI~ (oc), E~ = % + Zz~ 

]2z = 3 ~o 2 Ely(C~) ' J2y 3 ~ 3~,oo 
- ~ -  8-; - 2 E L'I~(~) ,  ]~  = o = -  2~ E . ( - ~ ) ,  

while the effect ive conductivity tensor  (2) ( t e rms  on the o rder  of 1/fl 2 a r e  preserved} is given by 

( 0 1  3 3 o~_ 1 t, 0 . (4} 

0, 0 2A 

It is c l e a r  f rom Eqs.  (3) and (4) that  in a s t rong magnet ic  field, an anisot ropic  medium with sphe r i -  
cal  anisot ropic  inclusions p o s s e s s e s  the unusual  p r o p e r t y  that inclusions with a r b i t r a r y  cc~nductivity exer t  
the s a m e  influence as do weakly conducting (a2 <<~l) inclusions in the absence  of a magnet ic  field. An analo-  
gous s i t ua t ionoccur s  in a two-dimens iona l  model  with the disk inclusions [2]. 

In our p rob lem,  fide d e c r e a s e s  with inc reas ing  magnet ic  field, 

~d e =3~/2~1~, 

while the p a r a m e t e r  ade  r eaches  sa tura t ion in ~3[Crde = -(3/2)cal] .  No effect ive anisotropy is manifes ted 
along the magnet ic  field. In this direct ion,  the medium is i se t ropic  with i so t ropic  inclusions [3]. 
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