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THE ELECTIROSTATICS OF A DUSTY PLASMA. E. C. Whlpple and D. A. 

Nendis,  U n i v e r s i t y  of  C a l i f o r n i a ,  San Diego,  T. G. Northrop , 
Goddard Space F l i g h t  C e n t e r .  We have d e r i v e d  t h e  p o t e n t i a l  

d i s t r i b u t i o n  i n  a plasma c o n t a i n i n g  d u s t  g r a i n s  where t h e  Debye 

l e n g t h  can be l a r g e r  o r  s m a l l e r  than t h e  average  i n t e r g r a i n  

s p a c i n g .  We t r e a t  t h r e e  models f o r  t h e  gra in-plasma sys tem,  w i t h  

the  assumption t h a t  t h e  sys tem of  d u s r  and plasma is  

charge-neu t ra l  : a  permeable g ra i t l  model, an impermeable g r a i n  

model, and a  c a p a c i t o r  model t h a t  does  n o t  r e q u i r e  t h e  n e a r e s t  

ne ighbor  approximat ion of t h e  o t h e r  two models.  We use  a  

g a u g e - i n v a r i a n t  form of  P o i s s o n ' s  e q u a t i o n  which i s  l i n e a r i z e d  

about  t h e  average  p o t e n t i a l  i n  t h e  sys tem.  The charg ing  c u r r e n t s  

t o  a  g r a i n  a r e  f u n c t i o n s  of t h e  d i f f e r e n c e  be,tween the g r a i n  

p o t e n t i a l  and t h i s  ave rage  p o t e n t i a l .  We o b t a i n  e x p r e s s i o n s  f o r  

the  equil j .brium p o t e n t i a l  of t h e  g r a i n  and f o r  t h e  gauge- 

i n v a r i a n t  c a p a c i t a n c e  between t h e  g r a i n  and the  plasma. The 

charge  on a g r a i n  i s  de te rmined  by t h e  p roduc t  of t h i s  

c a p a c i t a n c e  and t h e  gra in-plasma p o t e n t i a l  d i f f e r e n c e .  

The t h r e e  models g i v e  s i m i l a r  b u t  n o t  i d e n t i c a l  r e s u l t s .  
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The r e s u l t s  depend p r i m a r i l y  on t h e  parameter  Z = 4711 NC, where X 

i s  the  Debye l e n g t h ,  N i s  t h e  g r a i n  c o n c e n t r a t i o n ,  and C i s  t h e  

g r a i n  t o  plasma c a p a c i t a n c e .  When 2 >> 1, t h e  number of  c h a r g e s  

on a  g r a i n  t h a t  i s  o n l y  charged by plasma c u r r e n t s  i s  g iven  b y  

(*/el [ (p-1) / (p+ l  ) I  [ (6 ) /N] where p i s  t h e  square - roo t  o f  
i e  - 

t h e  ion t a  e l e c t r o n  mass r a t i o ,  and n i  and n a r e  t h e  average  i o n  e  
a n d e l e c t r o n  d e n s i t i e s .  The charge  on a g r a i n  i n  s u c h r , e g i o n s  i s  

s e v e r e l y  d e c r e a s e d  from i t s  f r e e  space  v a l u e .  The charge  

r e d u c t i o n  o c c u r s  because  t h e  plasma e l e c t r o n s  a r e  d e p l e t e d  s o  

t h a t  the  g r a i n  does  n o t  need t o  be a s  n e g a t i v e l y  charged t o  

e q u a l i z e  t h e  ion and e l e c t r o n  f l u x e s  t o  i t s  s u r f a c e ,  d e s p i t e  t h e  

i n c r e a s e d  g r a i n  t o  plasma c a p a c i t a n c e .  




