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The structure of the electromagnetic electrode layers that are 
produced in flows across a magnetic field by a completely ionized 
and inviscid plasma with good conductivity and a high magnetic 
Reynolds number is examined in a linear approximation. Flow past 
a corrugated wall and flow in a plane channel of slowly varying 
cross section with segmented electrodes are taken as specific exam-  
ples. The possibility is demonstrated of the formation of "nondissi- 
pative" electrode layers with thicknesses on the order of the Debye 
distance or electron Larmor radius and of ~dissipative" layers with 
thicknesses on the order of the skin thickness, as calculated from the 
diffusion rate in a magnetic field [2]. 

In plasma flow in a transverse magnetic  field, near the walls, 
along with the "gasdynamie" boundary layers, which owe their for- 
mation to viscosity, thermal conductivity, etc. (because of the pres- 
ence of electromagnetic fields, their structures may vary consider- 
ably from that of ordinary gasdynamic layers), proper electromagnetic 
boundary layers may also be produced. An example of such layers is 
the Debye layer in which the quasi-neutrality of the plasma is up- 
set. No less important, in a number of cases, is the quasi-neutral 
electromagnetic boundary layer, in which there is an abrupt change 
in the "frozen-in" parameter k = B/p (B is the magnetic field and p is 
the density of the medium). This layer plays a special role when we 
must explicitly allow for the Hall effect and the related formation of 
a longitudinal electric field (in the direction of the veloeiryv of the 
medium). We will call this the magnetic  layer. The magnetic 
boundary layer can be "dissipative" as well as "noudissipative" (see 
below). The "dissipative" magnet ic  layer has been examined in a 
number of  papers: for an incompressible medium with a given motion 
law in [1], for a compressible medium with good conductivity in [2], 
and with poor conductivity in [3]. In the present paper, particular 
attention will be devoted to nondissipative magnetic boundary layers. 
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The nature of electromagnetic and, in particular, magnetic 
boundary layers in flow in channels across a magnetic field is greatly 
affected by two factors: the conductivity of the plasma and the de- 
gree of manifestation of the Hall effect, which is characterized by 
the transfer parameter 

= I / envJ , 

where f is the width, I is the discharge current, v is the velocity of 
the plasma, n is the number of particles per em s, and e the e lemen-  
tary charge (see [4]). 

In addition, the plasma flow is characterized by the magnetic 
Reynolds number 

Rrn = v L  I v m ('~m = c2 I 4 ~x(~). 

Here, L is the characteristic longitudinal length scale, v m is the 
magnetic viscosity of the medium, and o is the conductivity of the 
medium. If g is small (the trajectories of the ion and electron com- 
ponents of the plasma virtually coincide) and the condition 

B m >~L  2 / P 

is satisfied, the electromagnetic layers will be localized near the 
wails. If the effect of the finite conductivity of the plasma (i. e . ,  

dissipation) must be taken into account here, "dissipative" layers 
are formed whose thickness increases according to the diffusion law 
and is a function of the conductivity. But if the conductivity of the 
plasma can be considered infinite, "nondissipative" layers are form- 
ed whose thickness is determined by the local characteristics of the 
stream and is on the order of the ~local" Debye distance or electron 
Larmor radius. 
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If, however, g ~ 1 (the trajectories of the ion and electron com- 
ponents differ greatly; more precisely--the angle between them-- is  
on the order of ;f/L), the perturbations of the "frozen-in" parameter 
k and of other plasma characteristics will be tramferred by electrons 
throughout the entire volume of the channel, which, with allowance 
for dissipation, leads to the formation of a single anode layer [2]. 

Owing to this "transfer of perturbations by electrons," when ~ >~ 
~> 1, "poor" boundary conditions can completely disrupt the "ideal" 
flow pattern. 

Below we shall be concerned only with electromagnetic layers, 
and, with this in mind, we shall consider the two-dimensional flow 
across a magnetic field of a completely ionized and inviscid plasma 
with good conductivity and a high magnetic Reynolds number R m >> 
>> LZ/f z, under the assumption that L2/f s >> 1. The case of R m << 1 
has been considered many times. 

Even the calculation of ordinary gasdynamie boundary layers is, 
as a rule, a very complicated problem. But in the case of plasma 
flow in an electromagnetic field, the situation becomes even more 
difficult, since the number of electromagnetic characteristics and 
parameters is greater. In gasdynamics, however, qualitatively correct 
results are obtained for linearized problems, when flow perturbations 
caused by the boundary conditions are considered small. Therefore, 
we shall consider only a linear approximation for perturbations. This 
is all the more justified for flows with ~ ~ 1, since it is clear from 
the above that such a flow cannot be divided into a main stream and 
boundary layers and, therefore, correct nonlinear calculation by the 
boundary-layer approximation method is meaningless. 

w Initial equation system. Problem of flow of 
a p lasma past a corrugated wall .  steady plasma 
f l o w s  a r e  d e s c r i b e d  b y  t h e  e q u a t i o n  s y s t e m  of  t h e  

t w o - f l u i d  h y d r o d y n a m i c  a p p r o x i m a t i o n  ( fo r  t h e  i o n  

a n d  e l e c t r o n  c o m p o n e n t s )  a n d  b y  t h e  M a x w e l l  e q u a -  
t i o n s  

M (viV) v~ - -  Vp~ + 
tt~. 

Vi ) he V i - -  V e 
+ e  E + - T - x B  - - m n ~  v 

m (v~V) v~ vpo ( ) , v o  e E - [ - T - •  + m  
n e T 
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div niv i ---- 0, div hey e = O, div B = 0; rot E = 0 ,  

div E = 4~e (n i - -  n,), z = nee~* / m, 

rot  B = 4gc -1 e (niv i - -  n,v,), 

Pi = Pi (nr Pe = Pe (he),  (1.1)  

w h e r e  M and m a r e  the  ion  ( a s s u m e d  to be  s ing ly  

c h a r g e d )  and e l e c t r o n  m a s s e s ;  hi ,  e ,  P i , e  and Vi , e  
a r e  the  n u m b e r  of p a r t i c l e s  p e r  cm a , the  g a s -  
k ine t i c  p r e s s u r e ,  and the v e l o c i t y  of  the c o m p o n -  
en t s ,  r e s p e c t i v e l y ;  E and B a r e  the  e l e c t r i c  and 
m a g n e t i c  v e c t o r s ;  T is  the  e l e c t r o n - i o n  c o l l i s i o n  
t i m e ;  and ~ is  the  c o n d u c t i v i t y  of the  p l a s m a .  

F i r s t ,  l e t  us c o n s i d e r  f low wi th  a s m a l l  t r a n s -  
f e r  p a r a m e t e r  ~, and n a m e l y ,  f low of a h o m o g e n -  
eous  p l a s m a  s t r e a m  pas t  a c o r r u g a t e d  wa l l  ( F i g . l ) .  
L e t  the  v e l o c i t y  v(0) of  the  u n p e r t u r b e d  (by t h e w a l I )  
f low be d i r e c t e d  a long  the x ax is .  The  m a g n e t i c  
f i e ld  B is  p e r p e n d i c u l a r  to the  p lane  of the  f i g u r e .  
F o r  the  l i n e a r  t h e o r y  to be  a p p l i c a b l e ,  and th i s  
wi l l  be  a s s u m e d  be low,  it  i s  n e c e s s a r y  tha t  the 
he igh t  of the  w a l l  p r o j e c t i o n s  a be  s m a l l  in c o m -  
p a r i s o n  wi th  the d i s t a n c e  X w b e t w e e n  t h e m  (light 
c o r r u g a t i o n )  

a / X~ . ~  i .  (1.2) 

In the  g iven  p r o b l e m ,  ~ is  on the o r d e r  of a / k  w .  

In a c c o r d a n c e  wi th  th i s ,  p e r t u r b a t i o n s  F(1) of the  
f low p a r a m e t e r s  (dens i ty ,  v e l o c i t y ,  e tc .  ) a r e  c o n -  
s i d e r e d  s m a l l  in c o m p a r i s o n  wi th  the  u n p e r t u r b e d  

v a l u e s  of F(~ 

Fa) --~ (a / X~) Y (o) ~ Y(o). (1.3) 

If we g ive  the  p e r t u r b a t i o n s  in the f o r m  exp ( ikr) ,  
w h e r e  k = {q,x}, q = 2n/X w, a f t e r  l i n e a r i z a t i o n  we o b -  
ta in  f r o m  (1.1) 

�9 n'(t) ( @-~-xV'(1) 
iMq  v(~ = - -  ~kc~ -~T + e E (t) * 

v(~ ) X B (~ + 7 -  • B (1) - -@- (vi(t)--v~ (t)) , 

n (t) / v (1) 
imqo(~'~.Ve(X)=--ikce ~ - ~ - - e  ( E  0) + ~ • 

v(~ x B (t) A- -~- (v i ( t - -v r  • B (~ + ~ -  
m 

n(O) (k �9 vi(t) ) -~- qv(~ (t) = O, 

We shal l  a l so  a s s u m e  that  the v e c t o r s  v,(1)~ and E(i)  
l i e  in the  xy  p lane ,  and that  13(1) has  only  ~'~a t r a n s -  
v e r s e  (along the z a x i s ) c o m p o n e n t .  F o r  s y s t e m  (1.4) 
to have  non t r i v i a I  so lu t i ons ,  i t s  d e t e r m i n a n t  m u s t  
van i sh ,  and the  c o m p o n e n t s  of the  v e c t o r  k a r e  thus  
l inked  by the s o - c a l l e d  d i s p e r s i o n  equa t ion .  

The unsteady perturbations of the typeexp (ik �9 r - iwt)for a med- 
ium at rest are treated in the conventional theory of plasma oscilla- 
tions, where the dispersion equation is 

D (o), k) = 0 .  (1.5) 

The dependence of w on the components of vector k is found 
from this. 

When o9 = - k  �9 ~ 0 )  the dispersion equation has the form 

D (k.v(0), k) = 0 ,  (1.6) 

thereby giving the relationship between the components of the wave 
vector. In our specific case, 

• = q~s (q) (s = i, 2,...). (1.7) 

Generally speaking, we see that Eqs. (1.5) and (1.6) differ from 
one another. 

In v iew of the  a w k w a r d n e s s  of the  g e n e r a l  d i s p e r -  
s ion  equa t ion  of  s y s t e m  (1.4), we sha l l  c o n s i d e r  the  
e a s e s  of "good"  and " p o o r "  c o n d u c t i v i t y  s e p a r a t e l y .  

F i r s t  of a11, we a s s u m e  thatqv(~ - >> 1. T h i s  m e a n s  
that  the p r o b a b i l i t y  of an e l e c t r o n - i o n  c o l l i s i o n  d u r -  
ing  p a s s a g e  by a wa l l  p r o j e c t i o n  is  s m a l l .  The  c o n -  
due t iv i t y  of the  p l a s m a  can  then  be  c o n s i d e r e d  i n f i n -  
i te  and the d i s p e r s i o n  equa t ion  ha~' the  f o r m  

[ ~176 _ q~V~o)l = 
X k%~ ~ + ovi 2 + (oi2 "c o)w~ + k2c~ O) pi,2 

O)pe~ 
: [ (I)iqi 2 -~O)i20)~i2_~O)pe2~U~2c21X 

X (t)pe 2 "~ O,)e 20)~oi2 ~_ O)pr 2 ~_ k2c2 

4gn(~ ~ 
k s = q2 + x=, 0)Pi2 -- M 

4nn(O)e ~ eB (o) eB (~ 
ope 2= ,n ~  Mc ' % =  mc (1.8) 

If 
( Mcv(~ ~ 

ZA ~ ~ M = 
eB (~ ] k 

n(" tk �9 ve(1)) + qv(~ = 0 

k . B  ( 1 ) = 0 ,  k x B  (1) 

4~je {n<~ ( v d n - -  ve(1)) + v(O) (n~<" - -  n~(')} 

k x E  ( 1 ) = 0 ,  k �9 E ( 1 ) = - ~ i e ( n i (  1 ) - n e  (1)), 

dPi(~ Ce ~ dPe(~ (1.4) 
ci2 ~ M dn (~ ' - -  m dn (~ ' 

w h e r e  e i and ee  a r e  the  t h e r m a l  " a c o u s t i c "  v e l o c i -  
t i e s  of the  c o m p o n e n t s ,  and the  s u p e r s c r i p t s  0 and 1 
deno te  u n p e r t u r b e d  and p e r t u r b e d  v a l u e s ,  r e s p e c t -  
ive ly .  

w t m r e  A i is  the ion  L a r m o r  r a d i u s  d e t e r m i n e d  f r o m  

the  v e l o c i t y  v@), we  obtain  

V~(O) -- cn "~ ~e 2 cn'~ 
Xl 2 ~ q Cn2 " , ~2 2 CS Or2 

N3 2 = ~ P.e _ t I 

2 m 2 Cn~CT?' -~C2AI  Or2 = Ci - ~ - - ~ - C e ,  

CA 2 = B~o) 
4~Mn(O)  �9 

H e r e ,  e T is  the  t h e r m a l  speed  of sound,  
A l fven  v e l o c i t y ,  and 

(1.9) 

c A the  
e. the magnetic speed of sound. 
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B u t  i f  Ai2q2 >> M / m ,  

• ~ = ~ q ~  1 c~ ] '  m ~ = - -  q~' 

N3'~ ~ a)~e2 0)Pi II q2 
Ce~ ct~ - -  I~(o)l �9 

(1 .10)  

In both limiting cases, the root ~t~ describes magnetosonic per- 
t~batious which penetrate deep into the stream in supersonic (v t6~ > 
> % )  flows. The other two roots give surface waves, i. e . .  the cor- 
responding perturbations are localized near the wall. One of them 
(n~ arises when quasi-nentrality is upset and, as is easy to see, is 
related to the Debye shielding distance. The root ~z z in the first l im- 
iting case equals --WpZe/cT z when c T >> e A (transverse electron osci- 

llations) or -- WZe/C~ when c T >> c A (in this case, the layer thickness 
6~ = 1/l~zt equals the electron Larmor radius, as calculated from the 
velocity CT). In the second limiting case, the root ~t~ describes har- 
moul t  (vacuum) perturbations. The roots ~ ,  s obviously describe 
"nondissipative" boundary layers whose thickness is determined by 
local stream characteristics, L e . ,  it does not increase in space, as 
occurs, for example,  in ordinary viscous boundary layers. The pres- 
ence of the three roots ~ allows us to set three boundary conditions 
at the wall. These might be a condition on the velocity component 
normal to the wall, a condition on the electric field, and a condition 
on the electric current. 

Let us consider the case qv(0 ) v << 1, when the effect of finite 
conductivity must be considered. For a quasi-neutral plasma we ob- 
tain the following dispersion equation: 

c~k~ 
(~%) - ~ 4 )  ~ = ~q~(o) ( q%)  - ~ 4 ) .  (L ~) 

- - p c -  

If (qc~l vii > r ~ O, 

~ . ~  = q 2  - -  

2 2 2 
V(O ) - -  C u C n 

(~fn = C2 -~-~). (~. ~2) 

As before, the first root describes the magnetosonic perturbations 
and the second root gi~es the "dissipative" magnetic boundary layer. 
The thickness 5 2 = 1Au~ of this layer equals the skin thickness, as 
calculated from the diffusion rate in the field. This means that under 
real conditions the thickness of this layer will increase with distance 
from the leading edge. 

i 2 .  Nondissipative flow in a channel of slowly varying r sec- 
tion for  an arbitrary tramfer parametez. The steady two-dimensional 
flow of a plasma across a magnetic field in a channel of slowly varying 
cross section (see Fig. 2), i . e . ,  when the length L of the channel is 
small as compared with its width 2~, will be examined below. The 
flow will be considered nondissipative; dissipative flows of a quasi- 
neulxal plasma were investigated earlier [2]. The electrode-walls of 
the channel are assumed to be in narrow (more preciseIy, infinitely 
narrow) segments that are electrically insulated from one another. 
As is known, electrode segmenting makes it possible in principle to 
accomplish, in a narrow channel, quasi-one-dimensional flow in 
which all of the flow parameters (except the potential) are slow func- 
tions only of the longitudinal coordinate x. 

While it is easy to short circuit the segments by placing high 
but finite resistances between them, small  perturbations of the ideal 
boundary conditions arise and, as a result, boundary layers are pro- 
duced. 

I n  t h e  a b s e n c e  o f  d i s s i p a t i o n ,  t h e  f l o w s  a r e  c o n -  

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

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

oap~ oap~ 
n ~ v ~ : = ~ ,  n ~ v ~ v = ~  ( k = i , e ) .  (2.1) 

I n  t h e  a b o v e  t w o - f l u i d  m o d e l ,  t h e  s y s t e m  o f  e q u a -  

t i o n s  d e s c r i b i n g  t h e  f l ow  h a v e  t h e  f o r m  [5] 

M rio,t , ( V1 
Lt ) + t j j + ,,,, + = u, (r 

[(o,.? 
2%' L\ O.: § ( ~ ) ' ]  + w.--e~ = u , ( % ) ,  

t w~ = I - ~  dp~. 

du, ro( o,, 1 o ( t o * , / 1  

4~ 
B = "7- e (@t - -  %). 

n e e d*e = ene[Oxkn  e Oxl-'~-'O-yyy\ne Oy]J '  

Aq) = - -  4he  (n t - -  no). (2.2) 

H e r e ,  Ui ,  e a r e  a r b i t r a r y  f u n c t i o n s  o f  ~i a n d  ~e r e -  

s p e c t i v e l y ,  a n d  w k d e n o t e s  t h e  " e n t h a l p i e s "  o f  t h e  

c o m p o n e n t s ,  w h i l e  q0 i s  t h e  e l e c t r o s t a t i c  p o t e n t i a l .  F o r  

a c h a n n e l  o f  s l o w l y  v a r y i n g  c r o s s  s e c t i o n ,  s y s t e m  

( 2 . 2 )  c a n  b e  s i g n i f i c a n t l y  s i m p l i f i e d  w i t h  a b o u n d a r y -  

l a y e r  a p p r o x i m a t i o n ,  i . e . ,  n e g l e c t i n g  t h e  s q u a r e  o f  

t h e  f i r s t  d e r i v a t i v e s  a n d  n e g l e c t i n g  t h e  s e c o n d  d e r i v -  

a t i v e s  w i t h  r e s p e c t  to t h e  l o n g i t u d i n a l  c o o r d i n a t e  x ,  

s i n c e  t h e y  a r e  s m a l l ,  on  t h e  o r d e r  of  f Z / L 2 ,  a s  c o m -  

p a r e d  to  t h e  d e r i v a t i v e s  w i t h  r e s p e c t  to  t h e  t r a n s -  

v e r s e  c o o r d i n a t e  y [5] .  

W e  t a k e  t h e  q u a s i - o n e - d i m e n s i o n a l  f l ow  a s  t h e  u n -  

p e r t u r b e d  f l ow  ( w h o s e  c h a r a c t e r i s t i c s  h a v e  t h e  s u -  

p e r s c r i p t  0):  

ni (~ = n J  ~ ---- no (x), B (~ = Bo (x),  

Ut (~ = Uoi ~ eBoc-Xno-l~h (~ 

Ue (~ = Uoe ~ eBoc-lno-l*e(~ Uoie = cons t ,  

~ t  (~ = (novof) ~, ,tp~,(o) = (novo])  (~ - -  ~bo), 

= y I ], ~ = cBo (0) / 4he (novo[), 

b = B / B 0 ( 0 ) ,  B o / n 0 = c o n s t ,  noVo[=con~t ,  

r = %0 (x) - -  c-Xno-lBo (novo]) ~, 

Muo 21 2 + w~ (~ (no) + e~0o = Uo~ = e o n s t .  (2 .3)  

H e r e ,  f i s  t h e  c h a n n e l  h a l f - w i d t h ;  ~ i s  t h e  t r a n s f e r  

p a r a m e t e r  f o r  a c h a n n e l  o f  i n f i n i t e  l e n g t h ,  w h e r e  B 0 ~  

0 a s  x ~ L ;  a n d  t h e  c o o r d i n a t e  o r i g i n x =  0 i s  s e t  

a t  t h e  c h a n n e l  i n l e t ,  w h e r e  v 0 = 0. 

W e  i n t r o d u c e  t h e  d i m e n s i o n l e s s  v a l u e s  

e(p 
noVo[ ' 

n {c  ~ ' 0  ~ - -  B~ 2 (0) N=--; tAt (2 .4)  

A s s u m i n g  t h a t  t h e  p e r t u r b a t i o n s  o f  t h e  q u a s i - o n e -  

d i m e n s i o n a l  f l o w  a r e  s m a l l ,  l e t  u s  l i n e a r i z e  s y s t e m  

(2.2),  o m i t t i n g  t h e  p e r t u r b a t i o n  s u p e r s c r i p t  1 ,  

~b ~ ~ i  - -  'Fe, 
CAS (0) 020 
(]%? o;~ 
( ~s~ ~ ) 

ca~ (o) o~ f- i 'F t + 
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+ ~ - -  ~ + ~r = ~ ( ; ) ,  

(~  {~o~ L _  ~v  
cA' (0) 01; - ]~8 - 

r ( t  ~ ~~ ) + %,r \- - -  - ~  N . - -  ~0 = g8 (~--  ~bo), 

_ o ), 

tFi - -  ~ 8  - -  ~boN8 - -  ~bo ag~ (~ - -  ~b3) a; 

(;) = ~ au~ (;), g~ 

ge ( ; - -  ~bo) = M % , ( o ) S U e ( ; - - ~ b o ) .  (2.5) 

It was  a s s u m e d  in  t h e ' l i n e a r i z a t i o n  that  the p e r -  
t u r b a t i o n s  of the func t ion  Uk(~k) had the f o r m  

= ~T7 [,h (o)~ ekB3.,, (1) U~ (1) ~ x v ~  / - -  c-~oV~ ( k = i , e ) .  (2.6) 

It is  e a s y  to see  that the func t ions  5U k c o r r e s p o n d  
to the p r e s e n c e  of i s o m a g n e t i e  p e r t u r b a t i o n s  

(_. ~ , 

at  the in le t  to the channe l  and on the wa l l s .  The  v e l o -  
c i t i e s  ek a r e  i n t r o d u c e d  f r o m  the r e l a t i o n s  

dw~ = M c ~ d N ~  , 

and a r e  the speeds  of sound for  ions  and e l e c t r o n s .  I n -  
s tead  of Eqs .  (2.5.5) and (2.5.6), we can ,  u s i n g  (2.5.3) 
and (2.5.4), ob ta in  

(1%)~ 0; I- u (x) + 

C,i2 ca 2 

c? N~) + ~(1) -I- ~ - -  N,] , .  (2.8)  

Here ,  u(x) is  an a r b i t r a r y  funct ion.  The s y s t e m  of 
equa t ions  (2.5), (2.7), and (2.8) r e d u c e s  to the fo l low-  
ing  two equa t ions  

o q - ~  + pcN~ = at, =~-~ + ~8Nr = a, , (2.9) 

j _ ( %  (0) ~ + fc 2 + ,8 3 _  
a~= r ~ ~% ) L(1% )~ 

. /  v8 \ ~ _ / c  A(O)\~ 
8 = I ) * I - m ; )  + 

+\1%] 0; ~-~ ~ 0~ 

\l%cA3(O)) 0~3 ' 

L 0%) 

+ bo ~ 'U~)  / ~ + g (C - -  ~'o ~) ~% (o) 1%) o~ ' 

( ,,o ~ +  r '~ ( r176 ~-~ ~? -"3' 1 __o 
Pe + 

m (Vo~ c ~ (  ~o  ~.~ +m-~ - " ' k ~ ] ~ '  

a , = u ( x ) + L ~ ,  k I %  ] - -  

[ % \2 0 -I O 
-- ~ bo + l T~ ) -~; J -E( g ~ ( ; ) , 

a, = u (x) + ge (~ - -  ~bo) -}- 

( %1 ~ o I o + + ~-~) ~ j  

+(_~)~ ,~ ~0~ 03 ~}g~(0 

(%3 = c~ + %8, %~ = %3 + cA~ ) . (2 .10)  

The o p e r a t o r s  o~ and/~ a r e  c o m m u t a t i v e .  F r o m  
s y s t e m  (2.9) we obta in  

(ae~ ~ -  aide) Nr = a ai - -  afa e, 

0 
( a ~  i - -  a t ~ )  - ~  ~F i = ~ i a 8 -  ~ a  i . (2 .11)  

Let gi(~) = 0, i . e . ,  p e r t u r b a t i o n s  (b - Ni) a r e  a b -  
s en t  at the in le t .  In  th i s  c a s e ,  

?',  w + = o, 

o 0-2- (~8 ow, -~-~ + ~,Ni) = - ~  g, ( ~ - -  ~bo) . (2.12) 

Let us i n t r o d u c e  the  func t ion  z. a s s u m i n g  that  
02~i /~2 = - f l i  z, ~ N i / ~  = ~ i  z. Then  the f i r s t  e q u a -  
t ion  wil l  be s a t i s f i ed  and  the second  wi l l  y ie ld  

-~ g~ ( ; - -  ~bo), (2.13) 

o r  

dbo o 

= ~ - -  %~ = 

rn ( CeClC= )~ [aa  M c,~s--vo~ 0 s 
= --ff c A %  (o) (I%)3 ~ ~ e,~2c3 0;8 

+ cc.c, j ~ + - z k  ~,--g~, ) J -  (2.14) 
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The solut ions of  the equation (aifi e - Ceefii)F = 0 
will be 

Fx = e + ~ ,  •  cde ] , Fs : e •215 

~4~ \ ccr (2.15) 

Direct  subst i tut ion of ~41,2 into (2.14) makes it c lear  
that the t e r m s  containing the f i r s t  and th i rd  d e r i v a -  
t ives with respec t  to ~ are  smal l .  The root nl  c o r -  
responds  to an e lec t romagnet ic  l ayer  whose th ick-  
ness  is on the order  of the Debye shielding dis tance,  
and the root ~ cor responds  to a layer  with a th ick-  
ness  on the order  of the e lec t ron L a r m o r  radius  (when 
c A >> CT), as calculated f rom the "total" speed of 
sound c T. When ~ ~ ~o, the solution of Eq. (2.14) has 
the form 

z = X (~ - -  ~ b0) -~ ]11 (x) exp [ul (~ --  i)l -}- 

-t- fl~ (x) exp [-- • (~ ~- 1)] ~- 

~- fl~ (x) exp [• (~ --  I)] 4- 

W f14(x) exp [--• ~-l)]  . (2.16) 

This cor responds  to the p re sence  of e lectrode l a y -  
e r s  and to the t r a n s f e r  of per tu rba t ions  along the un-  
per tu rbed  e lec t ron  t r a j ec to r i e s .  If gi([) ~ 0, we must  
solve Eqs. (2.11) and (2.12), which a re  more  compl i -  
cated than (2.14). At finite ~, Eq. (2.14) has a so lu-  

tion with a more  complex s t ruc ture  than the Debye 
equation (2.16), s ince the opera tors  

0 ~ dbo 0 O~i~e__ae~i b--~ -t- ~ ~ ~ ,  

are  noncommutat ive.  
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