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A solution is obtained for the problem of the propagation of elec- 
tromagnetic waves of arbitrary form through a plasma boundary on 
condition that the length of the wave train is much greater than the 
wave length. A solution is found both for the case of a wide spectrum 
of width Aco much greater than the plasma frequency COo, as well as 
for a narrow spectrum. The results obtained enable us to draw conclu- 
sions about the time and space variation of the shape of electromag- 
netic pulses in a plasma. 

The passage of high frequency electromagnetic waves through a 
plasma is similar to that of a beam of charged particles [1, 2]. This 
is associated with the fact that decay processes are similar to Cerenkov 
radiation effects. The dynamics of the development of transverse 
wave instabilities in a uniform isotropic plasma were studied in [2] 
assuming that the wave phase behaves stochastically. It was calculated 
here that instabilities develop quite differently in the ease of a wide 
frequency spectrum than in the case of a narrow "monochromatic" 
spectrum. If we can speak of transverse quanta diffusion effects in 
the "field ~ of the generated longitudinal quanta in the first case, and 
if the resulting effects are closely similar to the nonlinear effects aris- 
ing when beam instability develops [3, 41 then the development of 
instabilities in the case of a narrow spectrum leads to the appearance 
of red satellites in the transverse wave spectrum differing from the 
basic frequency co by a quantity UWo(U = t, 2, 3 . . . .  ). In this case 
the development of the instability corresponds to a tendency for a 
plateau over the satellites to appear. 

Attention should however be drawn to the fact that the dynamics 
of instability development in a semibounded plasma may be quite 
different. This is associated first with the different values of group 
velocities of transverse and lon~tudinal waves, and what is also im- 
portant, with the effect of longitudinal wave accumulation in the 
boundary region if the length of the wave train is sufficiently large. 
The treatment of a similar problem for beam instabilities in paper 
[5] showed that a narrow transition layer may arise with a transverse 
wave energy density greatly in excess of the energy density of the 
injected beam. In what follows we examine the part played by bound- 
ary effects in the passage of pulses of electromagnetic waves through 
the boundary of the plasma. The cases of both narrow and wide spectra 
are considered. We note that in the case of narrow spectra the wave 
train must necessarily be greatly in excess of AW -i, and the effects of 
the accumulation of oscillations will be appreciable. 

The phases of both transverse waves, and also generated longitudi- 
nal waves are assumed to be stochastic quantities. The boundary ef- 
fects which have been treated may be applied both in the generation 
of longitudinal waves necessary for the effective acceleration of parti- 
cles in a plasma as well as in the modulation and alteration of the 
initial transverse wave spectrum. It should also be stressed that these 
effects which have been considered could be applied for turbulent 
plasma diagnostics, as has already been pointed out in [2]. 

w T h e  d y n a m i c s  o f  t h e  p a s s a g e  of  " m o n o c h r o -  

m a t i c "  e l e c t r o m a g n e t i c  w a v e  p u l s e s  t h r o u g h  a p l a s m a  

b o u n d a r y .  1 ~ . We s h a l l  c o n s i d e r  t he  i n t e r a c t i o n  d y -  

n a m i c s  of  t h e  s p e c t r u m  of  a t r a n s v e r s e  w a v e  i m p u l s e  

u n d e r  t he  c o n d i t i o n s  Aco << COo, c o n f i n i n g  o u r s e l v e s  to  

e f f e c t s  a s s o c i a t e d  w i t h  t h e  a p p e a r a n c e  o f  one  of  the  

s a t e l l i t e s  ~ • co 0. S t r i c t l y  s p e a k i n g ,  s u c h  an a p p r o x i -  

m a t i o n  i s  v a l i d  on ly  in a one  d i m e n s i o n a l  m o d e l ,  s i n c e  

in  t h i s  c a s e  t he  l o n g i t u d i n a l  w a v e s  g e n e r a t e d  on t h e  

a p p e a r a n c e  of  t h e  s a t e l l i t e  w • COo, do no t  p a r t i c i p a t e  

in  a f u r t h e r  t r a n s f e r  of  e n e r g y  t h r o u g h  the  s p e c t r u m .  

A s i m i l a r  s i t u a t i o n  i s  p o s s i b l e  on ly  w h e n  t h e r e  i s  a 

s t r o n g  m a g n e t i c  f i e ld  p r e s e n t  in t he  p l a s m a ,  in the  
d i r e c t i o n  of  the  b e a m  o f  i n c i d e n t  t r a n s v e r s e  w a v e s  [7]. 

N e 

F i g .  1. T h e  v a r i a t i o n  wi th  

t i m e  of  t h e  s p a t i a l  d i s t r i b u -  

t i on  of  l o n g i t u d i n a l  n o i s e  in  

a p l a s m a  in  t he  c a s e  w h e n  

t h e  i n c i d e n t  w a v e  i s  N O . 

U n d e r  t he  c o n d i t i o n s  Aco << co o t h e  e q u a t i o n s  of p a -  

p e r  [2] d e s c r i b i n g  the  d y n a m i c s  f o r  t he  a p p e a r a n c e  of  

t h e  f i r s t  s a t e l l i t e  m a y  b e  w r i t t e n  in the  f o r m  

aN0 
Ot ~ -- 8arneikt. a ) ,  (1 .1)  

~2fD0g 

0N1 ON1 + V1 ~N ~ (N1 - -  No) ( 1 . 2 )  
at  ~ = 

ON l 
Ot - -  ~ N l  (~T0 - -  N1) (~ ]ct8 ~ ( 1 . 3 )  

w h e n  the  v a r i a t i o n  of  w a v e  i n t e n s i t y  in s p a c e  i s  t a k e n  

in to  a c c o u n t  (the v e l o c i t y  of  l igh t  i s  t a k e n  to  be  e = 1). 

H e r e  N0(t, x, kt),  N,( t ,  x, k t ) a r e  o n e - d i m e n s i o n a l  

w a v e  d i s t r i b u t i o n  f u n c t i o n s  f o r  t h e  f u n d a m e n t a l  f r e -  

q u e n c y  and  the  f i r s t  s a t e l l i t e  co - COo; V 0 and V, a r e  

t h e  g r o u p  v e l o c i t i e s  o f  t h e  w a v e s  CO and co - coo, Nl is  

a o n e - d i m e n s i o n a l  d i s t r i b u t i o n  f u n c t i o n  f o r  l o n g i t u d i -  

na l  w a v e s ,  k t h e r e  and in  w h a t  f o l l o w s  i s  the  t r a n s -  

v e r s e  w a v e  n u m b e r ,  w h i l e  k l i s  t he  l o n g i t u d f n a l  w a v e  

n u m b e r .  C o m p a r e d  wi th  E q s .  (49) - (51)  of  p a p e r  [2], 

t he  t e r m s  N0N 1 a r e  no t  t a k e n  in to  a c c o u n t .  T h i s  t u r n s  

out  to be va l id  fo r  CO >> COo wi th  an  a c c u r a c y  to  t h e  o r -  

d e r  o f  t e r m s  (CO0/CO) a. M o r e o v e r  t e r m s  w i t h  V l ~ N l / S x  
a r e  o m i t t e d  h e r e  w h e r e  V l i s  t he  g r o u p  v e l o c i t y  of  

l o n g i t u d i n a l  w a v e s  s i n c e  i t  i s  a s s u m e d  t h a t  t h e  e l e c -  

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

in  t he  t i m e  f o r  t he  w a v e s  to  p a s s  t h r o u g h  t h e  p l a s m a  

t h e  l o n g i t u d i n a l  w a v e  e n e r g y  c a n n o t  be t r a n s f e r r e d  

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

w e r e  e x c i t e d  by  t r a n s v e r s e  w a v e s .  M o r e o v e r  in  v i e w  

of  t he  i n e q u a l i t y  CO >> COo we  h a v e  V l v V 0 v V v 1, 

i . e . ,  t h e  g r o u p  v e l o c i t i e s  of  t h e  h i g h - f r e q u e n c y  t r a n s -  

v e r s e  w a v e s  d i f f e r  l i t t l e  f r o m  t h e  v e l o c i t y  of  l i gh t .  
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In this case  it follows f rom (1.1), (1.2) that 

which gives 

No (t, x) ~ N~ (t, x) = A (~), ~ = x --  Vt. (1.5) 

(1.4) 

Fig. 2. The change of pulse 
shape No on pass ing through 
the p lasma:  a) pulse shape 
on enter ing the plasma;  b) 
pulse shape on leaving the 

plasma.  

We shall  a s sume that for  t = 0 the leading edge of  
the pulse reaches  the p lasma boundary (x = 0). If  we 
a re  in teres ted  in the effect occu r r i ng  in a re la t ive ly  
quiet p lasma at t = 0 in which the noise in tensi ty  is 
suff iciently small ,  i . e . ,  

N~ (0) < ~ h : l  (0), o r  W t ( 0 ) ~ @ W ' ( 0 ) ,  (1.6) 
Ct 

then the development  is accompanied  by the t rans i t ion  
N O ~ NI, and the wave N o mus t  be taken as the inci-  
dent wave, i . e . ,  

A (x) = No (0, x). (1.7) 

However,  if we a re  in te res ted  in the  effect a r i s ing  
in an excited turbulent  p lasma  when the inve r se  in- 
equal i ty  to ( 1 . 6 ) i s  fulfilled, then the development  of 
instabi l i t ies  co r r e sponds  to the t rans i t ions  N 1 ~ N 0, 
and 

A (x) = N~ (0, x). (1.8) 

The formal  solution of  Eq. (1.3) has  the fo rm 

l 

Nz(t, x) = N'(O, x)exp [~ l (No- -  Ni) dt ' ] .  
0 

We shall  a s sume  that  the initial noise is homoge-  
neous for  x > 0; then 

t (z  > o ) ,  
N] Nt (0,= X)const,= 0 (x) N~ ~, 0 (x) = I, 0 (z < 0). (1.9) 

We shall  invest igate  the solution for x > 0. We in- 
t roduce  

t 

X) ~ f (No (t ' ,  x) - -  N1 (t ' ,  x))  d t ' .  ( 1 . 1 0 )  g (t, 
0 

It follows f rom (1.5), (1.10) that 

Setting (1.11) in (1.1) and allowing for the fact that 
(~/0t + V0/Ox)A(~) = 0, we obtain 

0_{~_~_l,  &. i 3 Ni'exp(,~z)} 0 (1.12) 
a t  , ' 

We may eas i ly  find the constant  in the conservat ion  
law if we r e m e m b e r  that z =  0, Oz/Ot= 0 f o r x >  0, 
t=O: 

Oz c% a 
O~-~V~7  @ :~-Nil[exp (~z)-- 1] = 0. (1.13) 

The solution of (1.13) has the fo rm 

In [ l - - e x p ( - -  ~z)] = -- 2 a N i l t - - A ( ~ ) .  (1.14) 

The function A (() mus t  be determined f rom the 
boundary  condition. 

2 ~ Let  a puIse No be incident on a p lasma with a 
low initial level of longitudinal noise.  We then have 

--Vt 

i I A(~)d~ (x=o). ( t ,  o )  - v 
o 

From here 

2aNi t 
A(~) v ~ + l n [ t - - ~ ( ~ ) ] ,  

,(~)=exp~-~V J(~), J(~) = f A ( ~ ' ) d ~ ' .  (1.15) 
0 

The solution will have the f o r m  

,No (t, x) = iliA (~) (l -- s (x)) + d (~) ~b (~) s (x) 
t - -  s (z) + r (~) s (z) ' 

s ( x ) - - e x p  ( - -  ~ N~Zx). (1.16) 

Fig. 3. The change of pulse 
shape N1 on pass ing through 
the  p lasma:  a) pu l se  shape 
on enter ing the plasma;  b) 
pulse shape on leaving the 

p lasma.  

The r e su l t  obtained (1.16) desc r ibes  the change 
of shape of  the pulse in space and t ime.  It is a lso con-  
venient  to wri te  the express ion  for the change in in-  
t ens i ty  of longitudinal p lasma waves  

Nr l 
N z (t, x) i - -  s-(x) § r (~) s(x) " (1.17) 

For  not v e r y  large  x (x << Vt, x << V/~N~) this 

fo rmula  s implif ies  and a s sumes  the fo rm 

A Ao (1.18) Oz (1.11) NZ(t, x) = - ~  o x+Aoexp[ ~f(v_vo)]- No i t, x) =: @ ) -  @ -0~-" 
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Here 

o ' i 

'i. A ([3 d['= -- ~ I~ {p (--vt), : Ao'---V-_ ~I 

T = pJo, '~~ = -~- In pAo . 

g 2aN~ i 

H e r e  r~ i s  the  r e l a x a t i o n  t i m e  fo r  t he  t r a n s v e r s e  
w a v e  p u l s e  in  an  unbounded  p l a s m a ,  A, i s  t he  m a x i -  
m u m  v a l u e  of  A in the  p u l s e .  T h e  e n e r g  T d i s t r i b u t i o n  
of  p l a s m a  o s c i l l a t i o n s  a s  a func t ion  of  x and t i s  shown 
in Fig .  1 for t > ~ ;  N l i s  m a x i m u m  in a n a r r o w  l a y e r  

A e l o s e  to the  p l a s m a  b o u n d a r y  

A = Aoexp[--!,(~-- ~~ 

F o r  t > r ~ th i s  l a y e r  m i g r a t e s  a c c o r d i n g  to an e x -  

p o n e n t i a l  l aw t o w a r d s  the  l e f t  p l a s m a  b o u n d a r y  as  
t i m e  p a s s e s .  T h e  q u a n t i t y  N l a l s o  i n c r e a s e s  e x p o -  
n e n t i a l l y  wi th  t i m e  in th i s  l a y e r  o T h e  f o r m u l a s  oh -  
t a i n e d  f o r  N I a r e  a p p l i c a b l e  fo r  t wh ich  a r e  not v e r y  

l a r g e :  

K the  p l a s m a  i s  bounded  to a d i m e n s i o n  of  o r d e r  L, 
then  on l e a v i n g  the  p l a s m a  dae pu t s e  wi l l  be  of  the  
f o r m  

N0-(.~)= A(P  ,v'[~---- '(L)]+-*(~)'(L> (2_ 19) 
..... l ..... (~) + s ( ~ ( ~ 3  " 

i " iI 

1 i 

g 

Fig .  5. The  distribution func -  
t ion  of transverse "noise;" N t 
is the stable distribution with a 

a r e  the p l a t eau  b o u n d a r i e s .  

g t 
exp [-- 7 (* -- v~ >> T "  

F o r  l a r g e  t the  t r a n s f e r  of  p l a s m a  o s c i l l a t i o n  e n -  
e r g y  b e c o m e s  a p p r e c i a b l e  and th i s  l e a d s  to s a t u r a t i o n  

f o r  

NI ~ A , V A* ( [~A~ ~ 
V-- T >~ A* 2r /" 

Here A* is the maximum value of N [ in the devel- 

opment of instabilities in an unbounded plasma. In the 

case under consideration the maximum energy of lon- 

gitudinal oscillations is of the order* 

W t ~ W t oo V 
or V z 

We note  tha t  the  v a r i a t i o n  of  pu ! se  shape  i s  d i f f e r -  

en t  in  t he  two  e a s e s  

2aNcZL 2z~Ni~L 
V > ~ t ,  Y < < l .  

In the  f i r s t  c a s e  t h e r e  i s  a p r o p o r t i o n a l  d e c r e a s e  
in i n t e n s i t y  wi th  a n e g l i g i b l e  change  of  s h a p e :  

l 2aNt~L 
N o - ( ~ ) . ~ - A ( ~ )  fo r  v >->1. 

In the  s e c o n d  c a s e  a r a d i c a l  c h a n g e  of  p u l s e  shape  

is possible: 

~, ~,%~k/V + ~ (~) 2~v~ ~ . 
. N o - ( ~ ) = A ( ) ~ - T ~ - ~ )  f o r  . ~ L ~ l .  (1 .20)  

F ig .  4. The  s p a t i a l  d i s t r i b u -  
t ion  of  l o n g i t u d i n a l  n o i s e  in 
a p l a s m a  f o r  d i f f e r e n t  v a l u e s  

of  t in the  c a s e  when  the  i n -  

c i d e n t  w a v e  is  NI~ 

By way of an example we shall consider a triangular form pulse 
of length To, when A(g) may be written in the form 

i 0 (~ < - -  VTo), 
2A0 (~ @ VTo) / VTo (-- VTo < ~. << --  II2VTo), 

A(~)= }--2Ao%/VT~ ( _ V ~ V T o < [ < O )  ' (1,21) 

0 (~ ..'> o). 

Then the expression (1.15) for J(g) is 

---,r (~) = 

0 (~> o), 

Ao[ ~ / V?o , (-- i/#To < ~, < 0), 
= AoV-~T(! -I p/~ (VTo)2 -- (~ 1- VTo)~], (-- VTo < ~ < --  ~/~VTo), 

I/2AoVT o (~ < --- VTe)~ (i. 22) 

*It shou ld  be  no ted  tha t  in s o m e  c a s e s  the  s a t u r a -  

t i on  of  l o n g i t u d i n a l  o s c i l l a t i o n  e n e r g y  m a y  be  a s s o -  
c i a t e d  wi th  n o n l i n e a r  w a v e  i n t e r a c t i o n ,  and in  t he  f i r s t  
p l a c e  wi th  i n d u c e d  s c a t t e r i n g  of  l o n g i t u d i n a l  o s c i l l a -  

t i o n s  of  p a r t i c l e s  in  the  p l a s m a  l e a d i n g  to a t r a n s f e r  

o f  e n e r g y  f r o m  t h e s e  o s c i l l a t i o n s  to  t he  n o n r e s o n a n e e  

part of the spectrum. In these cases saturation will 

occur for smaller N I. 

It follows frem (1o 20), (t~ 22) that the pulse shape remains quite 
unchanged in the region close to $ = O, then just as in the case when 
the pulse length is fairly large, the pulse decreases from A to (1/2)A 
(see Fig. 2) as [ decreases. 

Using (1.22) and (1.17)we obtain the following formula for the 
plasma wave distribution after the pulse has traversed the plasma: 

IV ] 
&'l (x} i _ s (x )_{ . . s (@exp(_ l l2[A ,To) .  (1,23) 
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3 ~ . We shall  cons ider  effects which a r i s e  when the 
incident  wave is N 1. In this case,  according  to (1.7), 
(1.15), we obtain 

- -Vt  

z (t, 0) = -9- A (~) d~, 
o 

N t -  (~) - -  A (~) ~]z t l  - -  s ( L ) ]  + s (L) , - 1  (~) 
l -- s (L) + ~ (L) ,-~ (~) 

We can easily see that the picture which arises in 
this case is in some sense the opposite to that ob- 
tained above. Namely, for a low level of initial noise, 

i.e., for 

2~N/ L ~ i (1.24) 
V 

the changes of pulse in tens i ty  and shape a re  negl igibly 
sma l l .  However by the i nve r se  inequal i ty  to (1.24) 

NK (~) = A (~) ~/2 + s (L) , - i  (~) (1.25) 
1 + s (L) ,-~ (~) " 

For  ~ = 0 the re  is a m a x i m u m  change in the pulse 
Ni'(~ ) ~ A(~)/2, and for ~ which sa t is fy  the r e l a t ion  

0 
2 a N i  z 

4 -  I A (~') d~' z - ~  Z (1.26) 

the pulse  shape approaches  the in i t ia l  (indicated in 
Fig.  3). 

It  should be s t r e s s e d  that in this  case  the c h a r a c -  
t e r i s t i c  ~ for which a change in the spec t rum occurs  
depends on the in i t ia l  energy  of the p lasma osc i l l a -  
t ions  accord ing  to a power law, i . e . ,  f a i r ly  s t rongly,  
while in  the f i r s t  case  the dependence was logar i thmic  
[compare  (1.25) and (1.20)]. F ina l ly  for the va r i a t i on  
in p l a sma  wave in tens i ty  in the case  unde r  c o n s i d e r a -  
t ion we have,  af ter  the pulse has passed  

lviz �9 (1.27) 
N t (x )  = i - -  s (x) + s (x) exp  (a/2~tAoTo) 

In the given case  there  is a dec rease  in the in t en -  
s i ty  of osc i l l a t ions ,  while the m a x i m u m  effect occur s  
for  x = 0: 

If 

N l (0) -- Ni~ exp (--  1/2~AoTo). 

1/#AoT o ~ 2aN,~L / V, (1.28) 

then there  is a dec rea se  to the value 

x =  ~-~ ~ AoVTo(N~Z) -1 

If the i n v e r s e  r e l a t ion  to (1.28) is  fulfi l led, the 
in tens i ty  of the osc i l l a t ions  d e c r e a s e s  p ropor t iona l ly  
along the en t i r e  length of the p la sma .  It should be 
s t r e s s e d  that the longi tudinal  wave d i s t r ibu t ion  within 
the p l a sma  has a behav ior  in t ime  which is  the oppo- 
s i te  to that cons ide red  in Pa rag raph  2 for the case  
of a low in i t i a l  no ise  level  of longi tudinal  osc i l l a t ions .  
Namely  (see Fig. 4), the reg ion  where  the field of 

p lasma osc i l la t ions  has decreased  considerably ,  i s  
s i tuated c lose  to the boundary  x = 0 and moves l in-  
ea r ly  

x = 3Ao 1 "t 
~Ao + 2u3"i I 

towards the other boundary of the p lasma.  This is 
explained by the fact that a beam of t r a n s v e r s e  wavc~ 
on pass ing  into the p lasma leads to the damping of 
p lasma osc i l la t ion  energy for smal l  x at f i rs t ,  and the 
r e ma i n i ng  par ts  of the beam pulse pass  through the 
reg ions  of smal l  x unhindered  and lead to wave damp-  
ing for large x. We note that l inear  movement  occurs  
for those values  of x for which A(~) = const(A = A0). 

w The passage  of b l u r r e d  pulses  of e l ec t romag-  
net ic  waves through a p lasma divis ion boundary.  1 ~ 
In the case where the incident  pulse has a wide f r e -  
quency spectrum (A~ >> ~0) the diffusion approxima- 

tion must be used to describe the change in transverse 

Nt(kt) and longitudinal N/(kl)wave numbers. The sys- 
tem of equations in this ease is similar to the quasi- 

l i nea r  sys t em 

a N  t 

Ot 
~. ON t e2oo~ 0 ( lVl ant 

ONl  ek~176  ONt  ( 2 . 1 )  
ot -- ~ Nz oat 

As in the preceding  paragraph,  in  (2.1) t e r m s  p ro -  

por t ional  to NtN t and v loNI /ax  a re  neglected;  k t and k l 

in  (2.1) a re  connected by the law of conse rva t ion  of 
energy  on decay: 

k y  = (%, (V -- k, 't. (2 2) 
V ~ J  " 

Equat ions (2.1) a re  s i m i l a r  to those inves t iga ted  
in paper  [5]. We shal l  thus confine ou r se lves  to a 
b r i e f  exposi t ion of the r e s u l t s  which may be obtained 
in a s i m i l a r  m a n n e r  to those in paper  [5]. Let the 
s p e c t r u m  of t r a n s v e r s e  waves incident  on the p l a sma  

have a m a x i m u m  for k t >> kt* >> T / ~  (Fig. 5). 
The ene rgy  in t eg ra l  of sy s t em (2.1) is  used, and 

keeping in mind that  the inc ident  pulse  has a t r i angu l a r  
fo rm of" length t o 

N ~ ( t ,  O) = No '  i 0  ( t  o - -  t )  - -  0 ( - -  t ) ]  ( 2 . 3 )  

we obtain for  suff ic ient ly  la rge  t (t > To) the following 
r e l a t i on  for the energy  of the osc i l l a t ions  concent ra ted  

in the l a ye r  0 < x < A 0 :  

A o kt 

I N~dx= kj~3~o a i (N~176176176176 
0 ktmin 

e2(~176176 Ao = V ' ro ,  
,,~ - -  8~lme2Ak l , 

1 ~V~ h k  t 
To ~ - -  In W~ ~ - Wo t . (2.4) 

"r Wo ~ ' 

Here  T O is  the pulse  r e l axa t ion  t ime  in an unbounded 
p lasma,  T is the t ime  i nc r emen t ,  W~ " and W / a re  the 
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in i t ia l  and final ene rg ies  of the p l a sma  waves for the 
development  of an in s t ab i l i t y  in an unbounded plasma,  
N t is the s table  t r a n s v e r s e  wave d i s t r ibu t ion  with a 
plateau (Fig. 5). 

Thus the mean  ene rgy  of p l a sma  waves for t < t o 
i n c r e a s e s  t i nea r ly  with t and for t > % is g r e a t e r  by 
a factor t/~" 0 than the quant i ty  

k t 

Nz = o,,~k~-~ f (N~o' - -  No*) dk/ 
~min 

co r r e spond ing  to the level  of longi tudinal  noise  g e n e r -  
ated in an unbounded p lasma .  As the p l a sma  o s c i l l a -  
t ion energy  i n c r e a s e s  the length A over  which pulse 
r e l axa t ion  occur s  should dec rease ,  while jus t  as  in 
[5] and in the case  cons ide red  in w the va r i a t i on  of 
A with t ime  is de t e rmined  by the approximate  fo rmula  

A = A0exp [~7( t - -v0) ]  ( t ~ t o ) .  (2.5) 

It should be s t r e s s e d  that just  as in the case  of a 
d i s c r e t e  s p e c t r u m  the d i s t r ibu t ion  funct ion N t which 
d e c r e a s e s  monotonica l ly  with k t may become uns tab le  
in  the p r e s e n c e  of in t ense  longi tudinal  no ise .  The de-  
ve lopment  of in s t ab i l i ty  leads to the appearance  of a 
p la teau in the reg ion  k t in which the re  was in tense  
longi tudinal  noise .  

2 ~ In the case  when the i n t e rva l  k t in which a 
change in  the t r a n s v e r s e  wave s p e c t r u m  occurs ,  is  
suf f ic ien t ly  s m a l l  (&k t << kt), we may  obtain  a s i m i l a r  
solut ion to the p rob l em.  We shah  seek  the solut ion of 
(2.1) in the fo rm 

N t = N ~  + B (t, x) (kt - -  kt~ 

N z = V2C (t, x) [Ak~ ~ - -  (kt - -  kt*)2]. (2.6) 

The s y s t e m  of equat ions  obtained for B and C has 
the fo rm 

OB OB OC --~BC, ( 2 . 7 )  O--~--~V~ = - a ~ B C '  Ot 

where  

e~05 e-~0k; ~ y(ktO). 

AS in w this  s y s t e m  may be solved by in t roduc ing  
the v a r i a b l e  

x = l B ( t ' ,  x )d t ' .  
o 

We shal l  confine ou r se lve s  to p r e s e n t i n g  the f inal  
r e s u l t s  

a (x) r (~) 
B (t, x) = Bo (~) t -- ~ (~) + a (~) *~ (~) ' 

C ( t , x ) = C o ( l - - s l ( x ) + s l ( x ) ~ ( ~ ) )  -~, (2.8) 

= x - -  Vot; sl (x) = exp (--  2alCoa:), 

o 

In these  fo rmulas  B0(~) de t e rmines  the shape of 
the pulse  inc ident  on the p l a s m a  boundary,  i . e . ,  

B (0, z) = B0 (x) (~-.< 0, t =  0), C (0, x) = CoO (x). 

Here C O is the in i t i a l  level  of the longi tudinal  noise ,  
3 ~ . F ina l ly  we should cons ide r  the case  when fa i r ly  

long pu l ses  pass  through the p lasma,  for which the 
ene rgy  t r a n s f e r  of the p l a sma  osc i l l a t ions  is  app rec i -  
able.  Leaving the genera l  solut ion in this  ease  we 
only note that for a long inject ion,  for example  N 0, if 
t o > L / V  l (L is the width of the p l a sma  layer ,  t o is the 
in jec t ion  t ime),  a s t a t i ona ry  d i s t r ibu t ion  of longi tudi-  
nal  waves is established. N l increases from a mini- 

mum value at the plasma boundary to a maximum 

where saturation occurs, at a distance of Vl/% where 

T is the time increment obtained in [2]. Here the max- 
imum value of N l is V/V l ~ I/V~ times greater than 

for the time problem treated in paper [2]. 
The authors are grateful to Ya. B. Fainberg, M.S. 

Rabinovieh, I. S. Danilkin, and M. D. Raizer for 
their interest in the paper and for valuable criticisms. 
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