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The electron current along the electric field might appear to tend to 
zero for Wer e--~ ~ in a low-density completely ionized plasma in 
mutually perpendicular electric and magnetic fields; but this current 
is not small in all known real systems, and, in any case, it is larger 
by many orders of magnitude than that calculated from classical for- 
mulas. This anomalous conductivity is usually ascribed to noise in the 
plasma. 

However, there is a class of plasma systems for which the anomalous 
conductivity can be explained, at least partially, in a different way; 
in this class we should include homopolar systems and also certain 
accelerators. These systems have insulated walls met almost at right 
angles by the magnetic field lines, and the electric field lies almost 
exactly along the wall. 

If the plasma density is so small that the electron mean free path is 
much greater than the transverse size of the channel (along the mag- 
netic field), the conductivity of the discharge gap should be affected 
by the collisions of the electrons with the wall. This effect tends to 
be of regular character, in contrast to noise; it should appear in some 
form even when the magnetic field is zero, but the effects of collisions 
of electrons with the wall become clearer when the magnetic field is 
strong, since the ordinary conductivity of the plasma is largely sup- 
pressed. 

T h e  c o n d u c t i v i t y  d u e  to w a l l  c o l l i s i o n  f o r  Wer  e -:~ r 

w i l l  b e  c a l l e d  w a l l  c o n d u c t i v i t y ,  s i n c e  t h e  c u r r e n t  

f l o w s  in  a t h i n  l a y e r  n e a r  t h e  w a l l .  

T h e  f o l l o w i n g  i s  t h e  p h y s i c a l  r e a s o n  w hy  t h e  c o n -  

d u c t i v i t y  is affected by collision of electrons with the 

w a l l s .  
An e l e c t r o n  d r i f t i n g  in  c r o s s e s  { m u t u a l l y  p e r p e n -  

d i c u l a r )  f i e l d s  E a n d  H a c q u i r e s  a v e l o c i t y  c o m p o n e n t  

t r a n s v e r s e  to  t h e s e  of w = c E / H .  T h i s  v e l o c i t y  i s  l o s t  

on  c o l l i s i o n  w i t h  t h e  w a l l ,  and  so  t h e  e l e c t r o n  i s  d i s -  
p l a c e d  b y  a d i s t a n c e  on  t h e  o r d e r  of t h e  c y c l o i d  h e i g h t .  

T h e  d r i f t  b u i l d s  up in  a l a y e r  w h o s e  t h i c k n e s s  i s  of 

t h e  f o l l o w i n g  o r d e r :  

ere (1) 

and  h e n c e  t h e  c u r r e n t  f l o w s  a l o n g  E w i t h i n  a l a y e r  of  

t h i s  t h i c k n e s s .  H e r e  CTe i s  t h e  c h a r a c t e r i s t i c  t h e r m a l  

v e l o c i t y  of  t h e  e l e c t r o n s ,  P T  i s  t h e  L a r m o r  r a d i u s  of 
a n  e l e c t r o n  c a l c u l a t e d  f r o m  t h i s  v e l o c i t y ,  and  w e i s  

t h e  L a r m o r  f r e q u e n c y .  
T h i s  l o c a l i z a t i o n  in  a t h i n  l a y e r  a l l o w s  o n e ,  in  

p r i n c i p l e ,  to  d i s t i n g u i s h  t h e  a n o m a l o u s  c o n d u c t i v i t y  
due  to  n o i s e  f r o m  t h e  w a l l  c o n d u c t i v i t y .  

T h e r e  m u s t  b e  a s u b s t a n t i a l  c h a n g e  in  e l e c t r o n  s p e e d  
on  c o l l i s i o n  w i t h  t h e  w a l l  i n  o r d e r  to  p r o d u c e  t h i s  
e l e c t r o n  d i s p l a c e m e n t .  T h i s  c a n  o c c u r  e i t h e r  by  d i r e c t  
i n t e r a c t i o n  w i t h  t h e  s u r f a c e  o r  by  r e f l e c t i o n  f r o m  t h e  

D e l y e  l a y e r .  T h e  l a t t e r  i s  t h e  m o r e  c o m m o n  in  d i s -  
c h a r g e s .  T h e  w a l l  c o n d u c t i v i t y  c a n  b e  v a r i e d  w i t h i n  
c e r t a i n  l i m i t s  v i a  t h e  r o u g h n e s s  of  t h e  w a l l .  

If the thickness of the reflecting layer in a discharge 

is much less than PT, reflection in genera], will be 

accompanied by change in the adiabatic invariant v~/H, 

and hence by heating or cooling of the electron com- 
ponent. The  i n v a r i a n t  w i l l  no t  c h a n g e  i f  t he  t h i c k n e s s  

of  the  r e f l e c t i n g  l a y e r  i s  m u c h  g r e a t e r  t h a n  PT" T h e n  
T e d o e s  n o t  v a r y  and ,  i f  t he  c o n d i t i o n s  a r e  n o t  too  

u n u s u a l ,  * t h e r e  w i l l  b e  no  e l e c t r o n  d r i f t  a l o n g  t he  

E f i e t d .  

T o  c a l c u l a t e  t h e  w a l l  c o n d u c t i v i t y  w e  n e e d ,  i n  

p r i n c i p l e ,  to  k n o w  t h e  f o l l o w i n g  f u n c t i o n * * :  

S = S(v~', v / ,  v /;  v~, v v, Vzf x, z), (2) 

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

p a r t i c l e  w i t h  t h e  v e l o c i t y  v '  = (v:~, v~,  v~) w h e n  a n  

e l e c t r o n  w i t h  v e l o c i t y  v = (v x,  Vy, V z ~ s t r i k e s  a p o i n t  
P = (x, 0, z) .  U n f o r t u n a t e l y ,  S i s  d e t e r m i n e d  not  o n l y b y  
t h e  p h y s i c a l  p r o p e r t  ie  s of t h e  i n s u l a t o r  b u t  a[ so  b y  t h o s e  

of t h e  a d j a c e n t  p l a s m a ,  s o t h e r e  a r e  m a j o r  d i f f i c u l t i e s  in  
c a l c u l a t i n g  S and  in  d e r i v i n g  i t  b y  e x p e r i m e n t .  

F r o m  S(v ' ,  v ;  P)  a n d  t h e  d i s t r i b u t i o n  f u n c t i o n  f +  (v, x ,  0, 
z) f o r  t h e  i n c i d e n t  p a r t i c l e s  w e  f i nd  t h e  d i s t r i b u t i o n  

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

L ( v ' ,  z, O, z)=fdvS(v',, v [ x ,  z ) L ( L  x, O, z). (3) 

Here we envisage the limiting case WeT e ~ % so 
the motion of a particle within the body of the plasma 

should be described via Vlasov's equations with self- 
consistent E and H. 

It is extremely difficult to consider the processes 

as a whole in such a system while incorporating (3), 

so we consider here a model that provides a clear 
illustration of the effects. 

Example. We assume that, near some point on the 
wall, the magnetic field is homogeneous and perpen- 

~ 5  

Fig. 1 

*In particular, if there are no ridges large relative 

to PT on the insulator. 

**We use a coordinate system in which the y-axis is 
perpendicular to the wall. 
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d i c u l a r  to the  wal l ,  whi le  the  e l e c t r i c  f ie ld  i s  p a r a l l e l  
to the  l a t t e r  (Fig .  1). We a l so  a s s u m e  that  the  r e f l e c t -  
ing l a y e r  i s  much  l e s s  than PT in t h i c k n e s s  and tha t  
i t s  t h i c k n e s s  can be  neg lec t ed  in the  ca lcu la t ion .  

Then the inc ident  and r e f l e c t e d  p a r t i c l e s  move  
t rocho ida l ly :  

x =  a - -  (A / 0)e) cos(o)~t+ a), 

v ~ = A  sin (%t + a ) ,  

g = rut, v ~ =  v~ ,=cons t ,  w = c E / H ,  

z = b + wt ~- (A / .  e)e) sin (o)~t + v:), 
(4) 

v~ = w + A c o s ( ( % t + r  
The t i m e  should be  e l i m i n a t e d  f r o m  the i n t e g r a l s  of 

(4) v i a  y = vyt in c o n s i d e r i n g  s t a t i c  p r o b l e m s .  

If we know f+(v, x , 0 ,  z) a n d f - ( v ,  x, 0, z) at  the  s u r -  
f ace  of the wal l ,  we  can  use  (4) to find the  va lues  of 
t h e s e  funct ions  fo r  any y by subs t i tu t ing  fo r  v, x, and 
z the  quan t i t i e s  

y v~--+v.~cos~.7-(--(v~--w)sin~, fT , v, ,~v, .  

!flz--~f W + (~)z--W) COS O)e ~y -~- Z)x~in o)e---~y , 

x -* x + Vz-W% %1 [uxsin ~ q- (vz - w) c~ ~)'-~'~ ]vy o 

~ o , . - w  + , . ~ -  

_ _ ~ i  [v~Cos(%_~y__(v __ w) sin o) -~v [ (5) 

F o r  the  c u r r e n t  d i s t r i b u t i o n  in the  p l a s m a  

- - e  l v ( l .  + L)d v .  ' J 
(6) 

We c o n s i d e r  the ca l cu l a t i on  s c h e m e  via  a s i m p l e  
e x a m p l e  in which f+  i s  Maxwel l i an  with a d i s p l a c e m e n t  
in ve loc i ty  space  equal  to w: 

i [v~ 2 + v~ ~ + (~-- w)~l}. I+ = ~ exp 1 - - "  
~T0 (7) 

We take  f_ a s  be ing  an und i sp l aced  Maxwel l i an  func-  

tion: 

f- ---- -N-[-- exp - -c- -~  

kTe CT 2 ~_ 

and the  n o r m a l i z a t i o n  f a c t o r s  a r e  

(8) 

N = 2n. N -  2n_ (9) 

in which  n+ and n -  a r e  the  d e n s i t i e s  of the  p a r t i c l e s  
inc ident  on and r e f l e c t e d  by the wal l ,  r e s p e c t i v e l y .  If 
t h e r e  i s  no l o s s  of p a r t i c l e s ,  

Subs t i tu t ion  of (5) into (7) and (8) r e a d i l y  shows that  
(7) does  not  a l t e r ,  whi le  (8) b e c o m e s  

[vJ  + v~ + (v~ - -  w) ~ + w ~ + 
I_ = ~  exp{- -  c} 1 

-~ 2 w ( v ~ w )  cos c%--~u -k 2wv~sin %---Y 1}. 
% -'- (11) 

We a r e  i n t e r e s t e d  in the  x - c o m p o n e n t  of the  c u r r e n t ,  
and so we c a l c u l a t e  only that  component .  

Since f+ (V x) !is even,  we have  
0 

i:r 
vy~--oo 

Subst i tu t ion  f rom (9) and (11) g ives  

O 
2n+ cT~ c g "~" Y~ 

j~ ----- e - - ~  -~Tt -~- J sin e-~'do;. 
-~  CTl(Z (13) 

Then the d i s t r i b u t i o n  of the  c u r r e n t  dens i ty  nea r  the  
wal l  i s  def ined by 

0 

Y ( k )  f s in k_---- = 
cT1 PT (14) - - 2  

The f o r m  of Y(k) can be deduced  fI 'om an equat ion 
s a t i s f i e d  by  th i s ,  

(kY'  - -  Y)" = 2Y (15) 

o r  f r o m  the funct ion Z = Y / k  

(k2Z') '' = 2Zk (16) 

The  i n t e g r a l  r e p r e s e n t a t i o n  of Y(k) shows that ,  of the 
the  t h r e e  so lu t ions  to (15), we a r e  i n t e r e s t e d  in the  one 
that  i s  an odd funct ion of k and that  has  the fol lowing 
p r o p e r t i e s  when k - -  0 and k - -  oo: 

Y(0)---0,  y ' (k)- -~oo f o r k - ~ 0 ,  

Y (k) -+ 0 for  k -~ ~ .  

We wil l  not d i s c u s s  the b e h a v i o r  of Y(k) in de ta i l  and 
d e r i v e  only the  a s y m p t o t e s  fo r  k ~ 0 and k -~ o~. The 
so lu t ions  to  (15) for  k - -  0 can  be  a p p r o x i m a t e d  by Yi ~ 
~ k l n k ,  Y z ~  const ;  Y3 ~ k. F r o m  (17) we have 

Y (k)]~0 ~ k l n [ k l ~ y l n  lY] (lS) 
P T  

This  m e a n s  that  the  c u r r e n t  dens i ty  b e c o m e s  z e r o  
at  y = 0 and r i s e s  somewha t  m o r e  r a p i d l y  than  l i n e a r l y  
away f r o m  the wal l .  

////////~ Y//////////////_ 

( 

r$+CTo = n CTI. (1o) Fig .  2 

250 



by 
The  so lu t ions  to  (15) for  k ~ oo can  be a p p r o x i m a t e d  

Y I ,  ~, s ~ k e x p  (t k l'/'al, ~, 3); 

3 2~in 
ax,~,8=. - ~ e x p - ~ ;  n-~i ,  2, 3. (19) 

It fo l lows f r o m  (17) that  Y = C1Y 2 + C2Y~ , w h e r e  
C i and C 2 a r e  c e r t a i n  cons t an t s ,  so  

Y (k) ~ k exp ( - -  23-~/~ l k ]~/') • 

cos [ 3 ]/-3 I k t -'/~ -~- const)~ 
• ~ 2'h 

(20) 

F i g u r e  2 shows the  g e n e r a l  f o r m  of Y(k). As  would be  
expec ted ,  the  c u r r e n t  ac tua l ly  i s  l o c a l i z e d  wi thin  a 
l a y e r  of t h i c k n e s s  about PT. 

The total current flowing in the layer 

0 

and th i s  i s  (with (CT1 = cT0)) 

en+ CTo c E en. OTC E~ 
I =  V~ % y - =  V~'  H 

(21) 

(22) 

This expression has an obvious physical significance. 

If we use (22) with the assumption that the noise 

plays no great part, we can readily derive the voltage- 

current curve for any particular system. 
This study arose largely from a discussion with Ya. 

V. Esipchuk and A. V. Trofimov on the role of elec- 

tron collisions with the wall in a system containing a 

low-density plasma. I am indebted to them for valuable 

comments. 
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