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ABSTRACT . 

W e  demonstrate the  s t e a d y  C o u e t f e  f low o f  warn 
e l e c t r o n  plasma o f  inhonoqeneous d e n s i t y  and 
sub jec ted  t o  a  weakly v a r i a b l e  magnetic f ie1.d 
~ i t h  t h e  n e g l e c t  bf plasma waves under cereain' 
cond i &ions - The plasma, obeying Debye 
approximation,  behaves as  an idea l  gas i n  t h e  
t r a n s i  t i o n  i n  It i s  shoun., u s i n p  the  
B.G.R. mudel o f  Eol tzman equat ion and t h e  ha1 f 
range polynomial express ion  techn ique  f u r  t h e  
e l  s c t r o n s  d i s t r i h t i o n  funct ion, ,  t h a f  t h e  
shear momun tum i s  consexved.  The f 21x9 ,  d r i  f t 
an+ s l i p  u e l o c i t i e s  a r e  compared, The bounadry 
c m d i t i o n s  a r e  b u i l  t i n  $he presence o f  
p a r t i a l  r e f l e c t i o n s  f r u n  t h e  ~ a l l s .  
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I. In t roduc t i on :  

The c o n s i d e r a t i o n  o f  problems with boundary s u r f a c e s  is s t i l l  

of  modest i n t e r e s t  f o r  t he  case of a plasma. I n  l e t e r a t u r e  I ~ h e d l o -  

vskiy,19671 t h e  case o f  Coue t t e  flow o f  f u l l y  i on i zed  plasma i n  an  

e x t e r n a l  e l e c t r i c  f i e l d  is presented.  The method is base2 o n  

r ep l ac ing  t he  Boltzrnann e q u a t i o n  by moment e q u a t i o n s  with the simu- 

l t a n e o u s  i n t r o d u c t i o n  of  a two-stream Ir?axwellian d i s t r i b u t i o n  func t -  

ions .  I ~ b d e l - ~ a i d , l 9 7 2 (  t r e a t e d  t h e  problem of shear flow of a 

r a r e f i e d  g a s  c o n s i s t i n g  o f  charged  p a r t i c l e s  moving i n  c o n s t a n t  ele- 

ctric and magnetic  f i e l d s ,  t ak ing  i n t o  accoun t  t h a t  t h e  p a r t i c l e s  

a r r i v i n g  t o  t h e  p l a t e s  a r e  r e f l e c t e d  d i f f u s l y  wi th  comple te  energy  

accommodation. In h i s  t h e s i s  l~ahrnoud, 1985 1s t ud i ed  t h e  c a s e  of a 

r a r e f i e d  charged  gas f n  c o n s t a n t  magnetic f i e l d  w i t h  p a r t i a l  def  f u s e  

r e f l e c t i o n  a t  t h e  w a l l s .  An approximate s o l u t i o n  o f  t h e  Boltzmann 

- equa t i on  o f  t he  modef i e d  Lui-Lees type is found t o  y i e l d  s imple 

a n a l y t i c  e x p r e s s i o n  f o r  t h e  f low and s l i p  v e l o c i t i e s .  

The purpose  of  t h e  p r e s e n t  paper  is twofold:  

i) F i r s t ,  to p r e s e n t  t he  formula t ion  o f  t h e  problem o f  Couet te  f low 

of  a r a r e f i e d  e l e c t r o n  plasma of inhomogeneous d e n s i t y  and sub- 

j e c t e d  to a weak inhomogeneous e x t e r n a l  magnet ic  f i e l d  on t h e  

b a s i s  o f  t he  Dehye Sc reen ing  theory.  

ii) Second,to app ly  an a l t e r n a t i v e  method to d e r i v e  t h e  t r a n s p o r t  

p t b p e r t i e s  o f  t h e  plasma flow. - 

I t  is better i n  t h e  begin ing  to write a list o f  symbols t h a t  

would be used i n  t h e  t e x t :  
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1 ' 
- the  i n t e r p a r t i c l e  d i s t a n c e  , n-', 

- t h e  c o e f f i c i e n t  o f  h a l f  range  polynomial expans ion ,  

- nondimensional  e l e c t r o n  v e l o c i t y ,  

- speed cf l i g h t ,  

- Cebye r a d i u s  , 
- p l a t e s  s e p a r a t i o n ,  

- e l e c t r o n  charge  , 

- parameter  of plasma n o n i d e a l i t y  = (II3n)-', 

- Magnetic  f i e l d .  

- C u r r e n t  d e n s i t y ,  

- Boltzmann's  c o n s t a n t  , Kn - Knudsen number, 

- Debye wave number, k - wave number, 

- Shear  blach number, 

- Cyclo t ron  Mach number, m - e l e c t r o n  mass, 

- e l e c t r o n  number i n  Debye s p h e r e ,  

- e l e c t r o n  d e n s i t y ,  

- t r a n s v e r s e  pfasma p;essure.  

- p r e s s u r e  d e v i a t o r  1 Shear  momentum 1 ,  
- v e l o c i t y  component 

- t empera ture .  

- d r i f t  v e l o c i t y  , x , y  - t r a n s v e r s e c o o r d i n a t e s ,  

- l o n g i t u d i n a l  c o o r d i n a t e ,  

- i n v e r s e  o f  v2 Y 
T 

- e f f e c t i v e  a d d i a b a t i c  c o i f  f  i c i e n t ,  



- degree of rarefact ion 

- re f lec t ion  coef f ic ien t ,  

- wavelength, 

- electron co l l i s s ion  frequency 

- re la t ive  gradients of magnetic f ie ld  and electror, dens i t y ,  

- thermal viscosi ty  coef f~ .c ien  t ,  

- viscosi ty  coef f ic ien t  due t o  coulomb interaction, 

+ - plasma frequency (= 4nnez/m) , 

- cyclotron frequency = . mc 

11. The physical problem.: 

In our problem of steady Couette flow the two i n f i n i t e  para l le l  

plates move irr the xy plane apposite t o  each other i n  the x-directicn 

with veloc i t ies  + W/2. The p la tes  are impermeable, uncharged and 

d ie lec t r ic .  The spase between the plates  is f i l l e d  with a inhomogeneous 

electi-on gas, under the influence of weak inhomogeneous external  

magnetic f ie ld .  the whole system is suppose,d under constant temperature. 

Deviation from the concept of cold plasma i n  our work is essen t ia l ,  

because completely cold e lec t ron  stream w i l l  have only one value of 

x-mmentum for a given energy, but owing to the proposed shear moticn, 

the  e lectrons would s t i l l  have a dis t r ibut ion of momentum in  the 

transverse x and y direct ions.  This incorages one t o  introduce a 

model of warm or Maxwellian e lec t ron  gas. In order tha t  the space 

charge wave be desipated, the plasma osc i l la t ions  become dispersive ' 
I Marshall, 1985 1 
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The phase v e l o c i t y  slows and approaches t he  thermal  v e l o c i t y  v of  
T 

the  e l e c t r o n s  as k becomes l a r g e .  A bound on the  c o l l e c t i v e  l xhav io r  

is se t  when k approaches k o r  X < D l  where D = v,/u In  t h a t  
D - P* 

c a s e  t he  wave motion is damped. 

On the o t h e r  hand, to avoid  quantum e f f e c t s ,  t h e  DeErouglie  wavelength 

a s s o c i a t e d  w i t h  t he  e l e c t r o n  thermal m o t i ~ n  must be r e l a t e d  t o  t h e  

Debye l e n g t h  by the  s t r o n g  i n e q u a l i t y  

In  our  s t u d y ,  the  plasma is supposed to be no t  so dense  such t h a t  

-2 
ve ry  weak c o r r e l a t i o n  between e l e c t r o n s  occu r s  i . e .  g c 10 - 
1 I s aha ra  1971  1 .- 
The i n t e n s i t y  v e c t o r  o f  t h e  e x t e r n a l  magnet ic  f i e l d  l i e s  i n  t he  z- 

d i r e c t i o n  and t a k e s  t he  form o f  weak  inhomogenety 

The d e n s i t y  o f  t h e  plasma dec r ea se s  a l o n g  y -d i r ec t i on .  Our Caca la t -  

i o n s  assume a Maxwellian d i s t r i b u t i o n  o f  z e r o  s h e a r  

Here n (y )  = n elC' ('") where n is t h e  number d e n s i t y  a t . t h e  wall. 
1 1 

I n  eqs .  (1)  and  ( 2 )  t h e  r e l a t i v e  g r a d i e n t s  

a r e - c o n s i d y r e d  small and c o n s t a n t ,  f u r t he rmore  K '  is assumed.inde- 

pendent  o f  t h e  i n t e g r a l s  o f  motion v: = v 2  + v 2  a n 8  v l ~ r a l l  
X Y .  3 r 

e t  a1 1973 1. 
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For f and fi t o  be s e l f c o n s i s t e n t ,  I faxwell ' s  e q u a t i o n  
0 

! x $ = % ,  C - 

i m p l i e s  the  r e l a t i o n s h i p  

The ba lance  between t h e  k i n e t i c  and t h e  magnet ic  p r e s s u r e s  1.e. B=2,  
_.' 

p r o v i d e s  t h e  c o n d i t i o n  o f  warm plasma and equats  K,K' numer ica l ly .  

T h i s  w i l l  p l a y  a n  i m p o r t a n t  r o l e  i n  what  fo l lows .  

Of t e n  one u s e s  t h e  BOltzmann e q u a t i o n  t o  c e l c u l a  t e  t h e  t r a n c p o r  t 

proper  t i e s  i n  plasma 1 ~ r a l l  e t  a1 ,1973-~khiezer ,1974  -Chakraborty, 

19781 , 

As is w e l l  known t h e  Boltzmann e q u a t i o n  has  a  l i m i t e d  range  o f  v a l i -  

d i t y ,  namely, t h e  s c a t t e r i n g  e v e n t s  have t o  be w e l l  s e p a r a t e d  i n  time, 

t h i s  means s m a l l  s c a t t e r i n g  r a t e s .  T h i s  e n a b l e s  o n e  t o  u s e  t h e  d e s c r i t  

model 1'Frank-~amenetski~1968I i n  which t h e  fluac+.uat;ing i n t e r a c t i o n  

is looked  f o r  a s  a  c o l l e c t i o n  o f  c l o s e l y  approach ing  p a i r s  o f  e l e c t r o n s -  

The Coulomb c o l l i s i o n .  B e s i d e s ,  t h i s  p u t s  r e s t r i c t i o n s  o n  t h e  upper 

l i m i t  o f  plasma d e n s i t y  as  uas d i s c u s s e d  above. 

., . . I - -  
3 to t h a t  f o r  an i d e a l  gas - = --n KT. I f  t h e  Coulomb f o r c e  is n o t  

E~ 2 

so s t r o n g ,  hence the i n t e r a c t i o n  e n e r g y  may be  d e s c r i b e d  by Debye 

theory.Ec = 2f& e3 . I n  e t h e r  words, tile c o n d i t i o n  o f  ideal plasm 

should be applied, o n l y  i f  the electrostatic energy is a small corre- 
- 

c t i o n  to t h e  thermal  energy-  EC << ET, provided  t h a t  the number of 

e l e c t r o n s  inside the Debye sphere is l a r g e  

= 2 g-l >> 1 . 
ID 3 (6) 
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111. The BGK Approximation: 

The r e l e v a n t  Boltzmann e q u a t i o n  governing t h e  p r e s e n t  problem 

is reduced t o  an e q u a t i o n  proposed by l ~ h a t n a g a r  e t  a l ,  1954 1 
and is c a l l e d  t h e  BGK model e q u a t i o n  

v + 1: :vf = - ~ ( f  - 
1' a~ f ~ ~ J  (7 )  

The e l e c t r o n s  c o l l i s i o n  f requency  v is p r o p o r t i o n a l  t o  t h e  number 

d e n s i t y  i n  a  plasma. One may w r i t e  

where vl is t h e  c o l l i s i o n  f requency  a t  t h e  w a l l .  The l o c a l  lilaxwell 

d i s t r i b u t i o n  f u n c t i o n  is 

r,, = n ( Y )  (a/n) 3/2exp [-a ( y  - 11) 1, 

U is t h e  f low v e l o c i t y .  

I t  was proved by I ~ o h n s o n ,  19821 that t h e  d e v i a t i o n  o f  d e n s i t y  and 

t e m p e r a t u r e  away from t h e i r  e q u i l i b r i u m  .value a r e  independent  o f  t h e  

p r e s e n c e  o f  s h e a r  f low,  t h i s  p e r m i t s  one to l i n e a r i s e  e q u a t i o n  (7) 

by t a k i n g  1 ~ o ~ a n ,  1969 1 

The d i s t a n c e  y and t h e  v e l o c i t y  v a r e  nondemensionaliseA such  t h a t  
,.. 4 L y = y d/2 and C = a. " The s h e a r  .Mach number M = C'W. By p u t i n q  

f = fo(3+4) : 4 << I, and e q u a t i o n 3 ( 8 ) ,  (10)  i n  the BGY, e q u a t i o n  ( 7 ) ,  

- one  o b t a i n s ,  t h e  nondimensional  l i n e a r i z e d  BGK e q u a t i o n  f o r  t h e  
* 

problem. Droping , o v e r  y we g e t :  



The moment U is de t e rx lned  by 9 
--c - ' 3 1 2  

respect t o  che factor e /'if 

Ll = <C I & >  E 
X 

, by t a k i n g  t h e  ccaiar prc juc t  !. i th 

and equation (11) becomes 

therefore integrating equati.33 (2.53 with respect to the weight factor 
-c' 

c e '/& , thus yields 
X 

z - ;& -,j[$- 2; 1, E L  3, 
(16)  

a s  the basic  eqaation to  be solved. I t  r s  important t c  note that  no 

approximations have been made i n  obtaining eq. (i6) other than the 

w e l l  j u s t i f i e d  one of using the linsarized X l <  equsticn. 

IV.  Half-ranqe colynonial approxima=ion: 

One nay seek z sclut ion of eq. (15) by using a half-range 
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polynomial  expans ion  technique  o r i g i n a l l y  sugges ted  by l ~ r o s s  e t  

a 1  19571. J, is d i v i d e d  i n t o  two p a c t s  

+ 
where JI (Q-) is t h a t  p a r t  o f  JI d e s c r i b i n g  upward (dcwerward) going 

+ 
e l e c t r o n s  . JI  and  4 ~ -  a r e  then expanded s e p a r a t e l y  i n  polynomials  

i n  C , and a n  approximate  s o l u t i o n  t o  some s p e c i f i e d  o r d e r  i n  t h e s e  
Y 

polynomials  i s  sought .  I t  is convenien t  here t o  use  the se t  o f  inde- 

pendent  (but n o t  m u t u a l l y  o r t h o g o r m l  ) polynomials  cn. t h u s  one may 
Y' 

w r i t e  

@ is t h e  Heavis ide  f u n c t i o n ,  w i t h  the p r o p e r t i e s  

1: C > O  
Y 

@(C ) =  { 0: C c 0 
Y Y 

f: C = O  
Y 

V. The Boundary Condi t ions :  

The h a l f i r a n g e  n a t u r e  o f  the expanss ion  is a way o f  incorpo: - 
r a t i n g  i n t o  a polynomial  espans ion  t h e  d i s c o n t i n u i t y  o f  t h e  d i s t r i -  

b u t i o n  f u n c t i o n  i n  v e l o c i t y  space  which o r d i n a r l y  occurs a t  t h e  

b a u n d a r i e s  y = f 1. 

The boundary c o n d i t i o n s  f o r  the s i n g l e  component plasma is d i f f e r e n t  

b u t  p h y s i c a l l y  s i m p l e r  than t h o s e  sugges ted  1 ~ h e d l o v s k i y  1967 1 f o r  

o r d i n a r y  two c o n p n e n t  f u l l y  i o n i s e d  plasma i n  t h a t  a f r a c t i o n  E o f  'a. 

t h e  e l e c t r o n s  h i t t i n g  a  s u r f a c e  l e a v e  t h a t  s u r f a c e  w i t h  a Naxwelliar! 

v e l c c i t y  d i s t r i b u t i o n  c h a r a c t e r i s t i c  of t h a t  s u r f a c e ' s  velocity and 

tempera ture .  The ~ e m a i n i n g  (1-E) a r e  a s s m e d  to undergo s p e c c l e s  

53 



refraction. In terns of Jl, the boundary conditions become at the 

upper wall (y=lI 

Vf. E x p l j c i t  solution (zero order1 : 

Following f Pomraning, 1963 ( and 1 ~ohnson,l?B3 [ 8 one may deter- 

mine t h e  coefficients of the s o l u t i o n s  (18), by requiring t h a t  t h e  

s o l u t i c s  obey the  moments 

2 2  

of the cjoverning equat ion  (16)  and by truncating t h e  sum in  eq. (18) 

a t  t h e  n t h  term. When m=O 

The mndimensional  flow v e l o c i t y  is Icf eq. (14) 1 

The p r e s s u r e  dev iator  is o b t a i n e d  from 

where frcn eq.(12): F = exp-sS(h-yi . 
516 
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The g o v e r n i n ?  equation f o r  t h i s  l o w e s t  o r d e r  s o l u t r o n  f o l i o w s  i r o n  

ec!. (16). sy m a k i n g  use o f  t h e  p r o p e r t i e s  o f  t h e  $ - f u n c t i o n  given 

i n  eq .  ( 1 9 j  , one obta ins  

The sax of eqs (3P) gives  . . 

c!h - i - 
- =  ; h 2 B c - B 0  

dY 

so t h a t  

k = h , F 1  . ... 
The d i f f e r e n c e  of eqa (30)  g ives  

The c o n s c a n t s  o f  i n r e c r a t i o n  ti a n d  g may be e v a l u a t e d  from t h e  
1 1 

bouridary c o n 8 i r - i o n s  (20-23)one o b t a i n s  f o r  t h e  l o w e s t  order s o l u t i o n s  

t ha t  
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s o l v i n g  one  g e t s  a t  the  upper w a l l  

Comparison o f  (26)  and (27)  shows t h a t  

p = ( 2 ) ~ n  = hl = P = c o n s t a n t .  
"Y 4&a 4&ci X Y ~  

The d i r e c t  i n t e g r a t i o n  o f  eq .  (16)  w i t h  r e s p e c t  - t o  t h e  weigh t  f a c t o r  
-c2 

dc , a f t e r  some l a b o r ,  l e a d s  t o  t h e  s o l u t i o n  

I t  is s e e n  f r o m  eq.  (38) t h a t  t h e  law o f  c o n s e r v a t i o n  o f  s h e a r  mone- 

tum is o b t a i n e d ,  t h i s  is a n  advantage  o f  us ing  t h e  h a l f  range  poly- 

nomial expans ion .  The serne r e s u l t  c o u l d  be  determined from eq . (39)  

by r i g o r o u s l y  demanding t h a t  

i . e .  now, t h e  c o n d i t i o n  of s m a l l  inhomogenity for both megnet ic  f i e l d  

and d e n s i t y  numbers is J u s t i f i e d .  T h i s  a l l o w s  one to l i n e a r i z e  eq. 

(34) , 

1 
and  t h e  d i m e n s i o n a l  flow v e l o c i t y  U x (y) = U is 

Ai 
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( y  h e r e  is d imens iona l ) .  Eqs. (38) and ( 4 2 )  d i s p l a y  t h e  f a m i l i e r  

r e l a t i o n .  

by which t h e  c o e f f i c i e n t  o f  v i s o c i t y  amounts t o  

Here Knl is t h e  Knudsen number a t  t h e  w a l l ,  

mn.4 

V I I .  Discuss ions  and comparisons: 

1- It is h e l p f u l l  t o  b e a r  i n  mind o r d e r s  o f  magnetudes f o r  v a r i o s  

q u a n t i t i e s  o f  i n t e r e s t  i n  e l e c t r o n  plasma. 

T y p i c a l  v a l u e s  may be  taken  t o  be 

E = 0,9, T = 577 KO, n , 1 0 ' ~ c m - ~  cor responds  to t h e  d e g r e e  

o f  r a r e f a c t i o n  i n  t h e  t r a n s i t i o n  r e g i o n  6 , 1. 

d/2 = 1 c m  , Ho = 0 , 1  Gauss, R = 0,178 x 10' rad / sec ,  

1 0  c = 3 x 10 cm/sec. 

-28 
m r 9 x 1 0  gm, e = 4 , 8 x 1 @ - ' ~ c g s ,  K = 1 , 3 8 x l 0 ' ~ ~ c a l / d e g ,  

v = 1 0 ~ s e ; l . ~ h e a r  s p e a d  W will be c o n s i d e r e d  i n  t h e  o r d e r  of 
1 

lo5 cmisec,  which c a n  be r e a c h e d  i n  plasma l a b v r a t o r i e s  or 

observed-  i n  a s t r o p h y s i c a l  i n v e s t i g a t i o n s .  

These v a l u e s  c o r r e s p a n d .  to . - 
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2- The e v a l u a t i o n  of t he  r e l a t i v e  g r a d i e n t s  K,K'  a r e  contrr:: i c d  by 

s e v e r a l  f a c to r$ , l e  t u s  Frove i t :  

d  H 
A t  y=0, i.e. nlonq x-as i s  , the  r a t e  - may be deduced usinq 

dl- 

Naxwell ' s  equa t i ons  : 

s u b s t i t u t i n g  from eq. ( 4 4 )  a t  y=O and d iv id ing  both  s i d e s  by H , 
0 

Making u se  of t h e  r e l a t i o n s  . 

we g e t  a f t e r  some manipula t ions  t h a t  

I f  B=2, then a s  u a s  d i s cus sed  b e f o r e  K = - K ' ,  s o  from eq.(48), and 

t h e  above numer ica l  v a l u e s  

* 
Thus we s e e  t h a t  four  independent  q u a n t i t i e s  namely M, M , 6 ,  and E 

. . 
c o n t r o l  t he  r e l a t i v e  g r a d i e n t  K ' . 
3- a )  W o  f a c t o r s  a f f e c t  the c o e f f i c i e n t  o f  thermal  v i s c o s i t y .  

n , *  F i r s t ,  i n  t h e  denomenator o f  eq. (46)  a s  K ' K ~ ~  = - - 
n dy 

i n c r e a s e s ,  p dec rea se s .  Se,cond, a s  t he  ¶;anti t y  
R dB 

KKnl = 3- 5 . 
i n c r e a s e s ,  'p dec rea se s  a l so .  This  i's c o n s i s t e n t  w i t h  the  no t ion  

o f  "magnetic t r ay"  which is i n  o u r  case the  magnetic  confinment  

o f  ~lasn-a between t h e  
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b) On t h e  o t h e r  hand, a c c o r d i n g  t o  t h e  above numerical  v a l u e s ,  we 

- 9 
g e t  t h a t  L! = 8 x 10 p o i s e ,  where a s  I ~ h e d l o v s k i ~ ,  19671 

- 
5 mh'T 2JiT 

1-'c = 8A,o ,/ ii (-)2= 6 x lo-'' p o i s e  ; h e r e  
- e2 

Hence 

U >> Uc 

i . e .  i n  agreement  w i t h  Debye approxima t i o n .  

4 )  From e q . ( 4 4 ) ,  a s  plasma e l e c t r o n s  p o s s e s s  c o n s i d e r a b i e  randum 

thermal  motion, s o  f i r s t l y  t h e  e n i t i a l  e l e c t r o n  v e l o c i t y  is 

caused by t h e  movement o f  t h e  boundary w a l l s ,  and secondly  by 

t h e  e x t e r n a l  magnet ic  f i e l d .  T h i s  r e s u l t  is ana logous  t o  t h a t  

p r e s e n t e d  by I ~ h a k r a b o r t y , l 9 7 e l  i n  t h e  c a s e  o f  C o u e t t e  flow o f  

e l e c t r i c a l l y  conduc t ing  i n c o m ~ r e s s i b l e  and v i s c o u s  f l u i d s .  

5 )  Due t o  t h e  inhomogeneous magnet ic  f i e l d ,  a t r a n s v e r s e  d r l t t  

g r a d i e n t  f o r  t h e  i n d i v i d u a l  e l e c t r o n s  is produced    rank-  amen- 
e t s k i y ,  1,0681 , its v e l o c i t y  e q u a l s  t o  

T h i s  e x p r e s s i o n  c a n  be s i m p l i f i e d  i f  we i n t r o d u c e ,  w i t h o u t  loss 

o f  g e n e r a l i t y ,  v i n s t e a d  of vl and  making s u i t a b l e  s u b s t i t u t i o n s  
T 

we g e t :  
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i n  agreement  w i t h  t h e  c o n d i t i o n  o f  weak v a r i a t i o n  o f  nagne t i c  f i e l d  

mentioned by I ~ r s i m o v i k c h  e t  a1,1?72 1 .  comparing t h i s  r e s u l t  wi th  

t h e  mean v e l o c i t y  (421 a t  y = 0 and y  = d/2: 

which i n d i c a t e  t h a t  

Vd < Ux(0) < Ux(d/2j .  

On t h e  o t h e r  hand t h e  s l i p  v e l o c i t y  a c  y = d/2 

VJ 
vS = 

- Ux(ct/2) = 5 x 10' cm/sec 

is l e s s  t h a n  t h e  d r i f t  v e l o c i t y  by one o r d e r  o f  magnitude. 

I n  c o n c l u s i o n  Dom t h e  p h y s i c a l  p o i n t  o f  view t h e  g a i n e d  

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

o f  plasma w i t h  boundary s u r f a c e s .  
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