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Quasi-linear theory has been applied [i-3] to nonlinear effects in 
the interaction of a beam of charge~t particles with a plasma, as 
has allowance for nonlinear scattering of Langmuir waves [4, 5]. 

When a low-density beam passes through a plasma,  the effects of 
the nonlinear interaction usually appear at t imes substantially greater 
than the t ime of quasi-l inear reaction, and their remits amount  to 
transformation of the spectrum arising in the quasi-linear stage. 
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Here I show that there are also cases in which the effects from inter- 
action can be reduced because of breakup of Langmuir waves to 
Langmuir and sound waves (l -+ l '  * s) [6, 7]. The physical reason 
for loss of interaction effectiveness is that substantial nonlinear effects 
cause transfer of the oscillation energy to a nonresonant part of the 
spectrum, where the oscillations do not interact with the beam.  If 
the plasma is not isothermal (T e >> Ti) , the breakup l ~ l '  + s 
predominates over other nonlinear processes in the range of param- 
eters envisaged. 

If the electron beam is injected into a semi-infini te  plasma at x = 
= 0, quasi-l inear theory indicates that the beam-p lasma system gives 
rise to a distribution with a plateau in the electron distribution func-  
tion for x -+ ~o. Let us consider a range of plasma parameters for 
which the quasi-l inear steady level of the Langmuir waves is not at- 
rained, because of l ~ l '  + s breakup, and no plateau is produced. 
Here, as previously [1-5] ,  the t reatment  is one-dimensional .  

We assume that the oscillations excited by the beam are propagated 
in the beam direction perpendicular to the boundary of the plasma 
(x = 0). The following model is used for the distribution function of 
the beam incident on the boundary of the plasma: Of/Ov �9 0 for a 
fairly narrow velocity range v 0 -- u < v < v 0 + u (u << %) with v �9 
�9 0, while f is discontinuous at the boundaries of this range, with 
01 / Ov I.=~,-&-u - *  -- ~ and v e , ~  vQ. 

If the sound waves formed from the Langmuit waves recede to infinity 
(or are absorbed at the wall at x = L), thereis a singlequasi-stationary 
state, On the other hand, the sound waves in a plasma of length L 
may be reflected from the walls if the absorption is low, and then 
there are two possible quasi-stationary states. In the latter case, the 
sound waves after double reflection are propagated in the positive 
direction at x = 0 beginning at some instant t ' .  Sound waves in this 
flux lie in the resonance range with respect to breakup, so the gen-  
eration of Langmuir waves by the beam will be disrupted, as will 
the first quasi-stationary state, since the induced breakup will at 
once (at x = 0) predominate over the generation.  The resulting (sec- 
ond) quasi-stationary state has a high 1eve1 of ion-sound waves N s 
and a nearly zero level in the number of Langmuir waves Ni l m N 1 l 0  
This second state will be further disrupted, since scattering at the 
ions will cause the ion-sound spectrum NS(ks) to be displaced from 
the resonant range Ak s. The t ime spent in the second quasi-station- 
ary state will then be determined by the t ime  taken to displace NS(ks) 

by Z~k s, 

w 1 .  L a n g m u i r  w a v e s  c a n  [6] b r e a k  u p  i n t o  L a n g m u i r  

a n d  i o n - s o u n d  w a v e s  o n l y  i f  k 1 = r  0 > k0, i .  e . ,  w h e n  

VdVo > 118 ml/"~,/m~, (1.1) 

i n  w h i c h  v0 i s  t h e  m e a n  s p e e d  o f  t h e  e l e c t r o n s  i n  t h e  

b e a m ,  k0 = ( m e / m i )  l / 2 / 3 2 , e ,  

COo 2 =  (4~eeno/m,)  '1', r e ' =  (Tdm,)V*,  ~., = v d o  o 

T h e  p o s s i b l e  n u m b e r  o f  L a n g m u i r  s a t e l l i t e s  i s  n i f  

k l = r  0 l i e s  i n  t h e  r a n g e  

2 n - -  t / m,'~% / ~  7. / 2 n +  l ( m e ~9~ 
3Z,, ~,'~-~) " ~ ' r ~ l ' " ~ \ ' ~ i ]  ' n = t , 2 , 3  . . . .  

i ,  e ,  

~n-- t { ~, ~,/, < & < z .  + ~ ( m, F' 
3 U~T/ ~o T C~T/ " ( i. 2) 

I n  p a r t i c u l a r ,  t h e r e  c a n  b e  o n l y  o n e  s a t e l l i t e  i n  a 

h y d r o g e n  p l a s m a  f o r  1 / 1 2 0  < Ve /V 0 < 3 / 1 2 0 ,  t w o  f o r  

3 / 1 2 0  < Ve /V 0 < 5 / 1 2 0 ,  e t c . ,  a n d  s i x  f o r  1 1 / 1 2 0  < 

< V e / V  0 < 1 3 / 1 2 0 .  T h e  m o d e l  f o r  t h e  d i s t r i b u t i o n  f u n c -  

t i o n  o f  t h e  p l a s m a  + b e a m  s y s t e m  b e c o m e s  u n s u i t a b l e  

f o r  a h y d r o g e n  p l a s m a  f o r  t h e  l a r g e r  n u m b e r  o f  s a t e l -  

l i t e s  c o r r e s p o n d i n g  t o  Ve /V 0 > 1 / 1 0 .  T h e  t h e o r y  o f  

o n e - d i m e n s i o n a l  d e c o m p o s i t i o n  [6] i n d i c a t e s  t h a t  i t  i s  

r e a s o n a b l e  to  c o n s i d e r  a s p e c t r u m  of  n o n o v e r l a p p i n g  

s a t e l l i t e s  o n l y  f o r  A k  < 4k0,  i . e . ,  f o r  

~ < ~ k o  ~o 2 , + ( , ~ . y / .  < i .3 )  
, ~ =  3-~,~ ~,~i~ " 

T h e  c o m p l e t e  s y s t e m  o f  e q u a t i o n s  f o r  t h i s  p r o b l e m  

t a k e s  t h e  f o r m  [3 ,  6] 

at o/ o ot 
--or + vo ~ ----- 7~ ~V Nt~ T f  ' 

O N I z  . Tr  ! ONz! ~ "~r Z Ot  

+ zr ( N z t N I  ' - -  N l t N r  - -  Nl tN~t ) ,  

ONe ON1 s 
at + v , ~  = 

= __ ~ ~'" ~ , , ,  - -  N I t N 1  ~ - -  N lZN~ l) - -  ~IN1 ~ , 

ON~ t aN2 t 
at + V*l ~ = 

= - -  ~ ( N 2 t N 1  s - -  NItN1 , _ NI!N~ ~) + 

+ a (NaZN~ ' - -  N~ZN~ ' - -  N2ZN3 z) 

�9 �9 �9 . . �9 . . . s o . . . . . . . . , �9 o . 
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ONnt -3- V l ONn l 

= - -  a ( N n t N L x  - -  N tn-*N'n-x - -  N~- ,Nn ' )  + 

t , N ZNZ " + a (Nn+iN,~ - -  N,~ZN~" - -  a ~+i) , 

ONn ~ _ _  ONn s 
Ot t Us ~ 

0l. I AT l AT e 
~-t~,~+v,,~ . "  Nr, lNr, " - -  ~ ~ ,, - -  N n  Nn+,)  - -  ~ N n  , 

(0o ~ 0)o2ko 
'(1 --'~ 2homey ~ , ~{~ = ~OOVO ~ , O~ = 8meno~e---------- ~ , 

V~ t = 3v.X.k~, v,  = ( T d m r  3veXeko, 

ko = (rndmdV'  /3~,. , 

~ .  = ~ o + ~,,,  ~.~ = Y ~l~ ~ k ~ . v . m d m ~ ,  

k ,  = oolvo, 

k n = ( - - l ) ' ~ [ 2 k o ( n - - l ) - - k ~ ]  for n = 2 , 3 , 4  . . . .  

k , ~ = k ~ - - k ~ _ ~  for n = 1 , 2 , 3 . . .  X,=vdo)o,  

Vn  z = 3re%eke,  0)0 ~ = 4he'no~me �9 (i. 4) 

F i r s t  we cons ide r  what p a r a m e t e r s  of p l a s m a  and 
beam make b reakup  p r o c e s s e s  impor tan t .  

In the case  of the pure t ime  p rob lem (0 ( . . .  f l ax  = 
= 0), neg lec t  of b reakup  m e a n s  that the s t a t iona ry  
level  of the longi tudina l  waves N~ ~~ = 
= ~rmenlV0a/co0 ~ c o r r e s p o n d i n g  to the m a x i m u m  energy  
nimev0u of the L a n g m u i r  waves  is  a t ta ined af ter  a 
t ime 

Ol ) -1  1 no u 2 ( 1 . 5 )  
~ 0 ~ - -  T ~ ' ~ v  / = o  "~" ~0)o na vo ~ 

while for  the b reakup  i n c r e m e n t  co r r e spond ing  to the 
s ta t ionary  level  of the longi tudinal  waves we have 

t afro0 ~ n l  kOUO 8 
7 u ~ a l v s  = g ~ vJ " (1.6) 

It is thus c l e a r  that b reakup  mus t  be cons ide red  if 
a N [  ~" ~ 1/%, i . e . ,  for 

u 2~_ 2kl ~'1, 

F r o m  (1.7),  with the condi t ion for  the appl icab i l i ty  
of concepts  on the n u m b e r  of waves ,  

lea max{aNt , 1 / v 0 } ~  Af~ = 3vJ k l A k  (1.8) 
(DO J 

we have a r e s t r i c t i o n  on the beam dens i ty  

_~_0 ~__~ _ n ~  48 (v.)a~o ' (1.9) 

which gives nl/n0 < 10 -3 for  a hydrogen p l a sma .  
In the case  of the spat ia l  q u a s i - s t a t i o n a r y  p rob lem 

(a ( . . . ) / a t  = 0), when a b e a m  ac ts  on a p l a s m a  half-  
space f r o m  the left ,  the re  is  cont inuous  renewal  of the 

d i s t r i bu t ion  funct ion  of the beam at  each point.  As a 
r e su l t ,  if b reakup  is  neglec ted ,  the r i s e  in the n u m b e r  
of waves  at any point is  r e s t r i c t e d  only by the r e c e s -  
s ion in the posi t ive  d i r ec t ion ,  and the s t a t iona ry  level  
in this  ease  is  

- -  - coo = 3 - ~ e  " 

The level  N s* (for N2/* ) for  equal i ty  of the i n c r e -  
men t s  of l i n e a r  gene ra t ion  and b reakup  is  

]MS* mnlvo z 4nkt ve~ (~2u O] 
= V ~" I~=o) (1.11) 0)0 3 1r U2 \ 

so it is  n e c e s s a r y  to cons ide r  b reakup  for N~*<< N u t %  

i . e . ,  for 

key o ~ o 

Inequal i t ies  (1.3) and (1o12) a r e  obeyed s i m u l t a -  
neous ly  only if 

Vo > v e / 8 t / 2  (mi/me)31vt. (i.12) 

We the re fo re  have the fol lowing sys t em of inequa l i -  
t i es  de r ived  f r o m  (1.1),  (1.3),  and (1.12) for  the range  
of p a r a m e t e r s  within which it i s  n e c e s s a r y  to con-  
s ide r  b reakup  in the spat ia l  q u a s i - s t a t i o n a r y  p rob lem 
and where  this  can be done on the ba s i s  of the theory  
of nonover lapp ing  sa te l l i t e  bands  [6]: 

v~ ~ z ' ~ 1 2  (mdmJ I'' < vo < 3v ,  (m+lm:) 'l: (1.13) 

(for a hydrogen p l a s m a  9v e < v 0 < 120 Ve), 

The condi t ion on n J n  0 is f o rma l ly  m u e h m o r e r i g i d  co l~  
for the spa t ia l  p rob l em,  because  N~I exceeds N I by 
a factor  of (v0/Ve) 2, and so the m a x i m u m  i n c r e m e n t  
of the decay l ~ U + s is a lso l a r g e r  by a factor  of 
(v0/ve) 2. In fact,  the level  Nnz% c o r r e s p o n d i n g  to 
q u a s i - l i n e a r  r e l axa t ion  is not reached  in the spa t ia l  
p roblem,  and so (1.13) is  r ep laced  s imply  by 1/% << 
<< A~2 (since a N i i  t~176 ~ %-1) : 

nl  I no ~ 2 (ulvo) ~ (volvo) 5 < (vofm) (raelm{)V" . (1.14) 

The breakup processes predominate over the other parallel non- 
linear processes for the above range of plasma parameters. The gen- 
eration increment for ion-sound waves of frequency w0i for Z + s  
scattering is [5] 

) , , ,  2uv  e ,~ s ~ '" (9~ 0)02 
ls = -2- ~NI  t voz ~Xv 0 

Comparison of r~s with r~zs - ~ i  (t~e i , c r e ~ e , t  for g~,~r~io ,  
of ion-sound waves in breakup) shows that breakup processes predomi- 
ate for 

(~/3 t,.~,'/, 
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l 
However, 71l~ (the breakup increment for longitudinal waves, is 

proportional to N s~ while the ...... increment for l "~ s seatterin~ --~ :gs j 
SNSdk,  so for 

(@)'I* I % N~, OoOo~ 
TIs ~ 2~ nmlVe ~ v e ' 

Eliminating N s from (2. i), on the assumption that 
N s (0,t) - N0 s, we get for the general case that 

=0~[ l'i! 01aN'Z J c ~  (2--~s i )1 L "f~ O~ No s exp N~dx = 

o 

it  is necessary to have  the following condi t ion for breakup to p r edomi -  
na te :  

~rl 0a fAr z[Vj OlnN1 z 
= ~ 0 " ~ l  1 '1  L Ta 0x 

Tls l N si / 2 \% 
-%, ~- ~ -  6 I ~ )  < '  �9 

x 

 .Ts , =  N1, x)i } + ~;:vo exp~-ff~a ! (2.2) 

This condition is readily shown from (1.3) and (1.7) to be always 
satisfied with a margin of at least an order of magnitude. 

Comparison of the increment for l "-~ l shift at ions for T e >> T i 
with Y~ls (breakup increment) gives us a condition for predominance 
of breakup: 

( . (1.i5) 

which is always obeyed when ( 1 . 7 )  is obeyed .  

Note that  l --~ l scat ter ing at  electrons is less strong than that  at  

ions. 

Growth of b reakup  does not n e c e s s a r i l y  have to 
occur  in a unique fashion,  because  the onse t  is  sub-  
s tan t ia l ly  dependent  on sui table  c e n t e r s .  Fo r  ins tance ,  
let  a sound cen te r  a r i s e  at x 0 at t ime  to when the s t a -  
t ionary  q u a s i - l i n e a r  p ic tu re  has  been  at ta ined at a 
suff ic ient ly  high level  N / [3]. Then b reakup  s t a r t s  
n e a r  x0 and expands in both d i r ec t ions  f r o m  that point 
with the group ve loc i t i es  v s (ion sound) and V / (Lang-  
m u i r  sa te l l i t e s ) .  Then N~ in the range  (0,x0) is  r e -  
duced in  a t ime  ~x0/IV ~ 1, and co r r e spond ing ly  the 
beam for  th is  t ime  in the reg ion  x > x 0 + x0]Vl/V~ I 

1 
proceeds  with an a lmos t  unchanged d i s t r i bu t ion  func-  
t ion.  Thus N1 t in that r eg ion  can exceed even the 
q u a s i - l i n e a r  s t a t i ona ry  level  for some t ime.  However,  
subsequent  growth of the b reakup  gradua l ly  leads  to 
e s t ab l i shmen t  of the q u a s i - s t a t i o n a r y  s ta te .  

w 2. Cons ider  the solut ion to (1.4) in the quas i -  
s t a t ionary  case  ( ~ ( . . . ) / 0 t  = 0). 

As N2 / has  a m a x i m u m  on account  of non l inea r  in -  
t e r ac t i on  of the beam with the p la sma ,  there  is a 
t ime t* such that N2 / << N s (NS only i n c r e a s e s ,  be -  
cause  the sound spec t rum in this  approx imat ion  is  
not subject  to b reakup ,  and the phase  veloci ty  of the 
sound waves is  l e s s  than the phase ve loc i ty  of the Lang-  
m u i r  waves  involved).  

Then,  if the p l a sma  and beam p a r a m e t e r s  allow 
there  to be two or more  sa t e l l i t e s ,  ~ve can always 
neglect  N / in the equat ions for  f ,  N1, and N s. The 
chain of equat ions  for  all  poss ib le  sa te l l i t e s  then auto-  
ma t i ca l ly  t e r m i n a t e s ,  and we get for  the q u a s i - s t a -  
t ionary  state that 

o] o oJ = Ti -~:,Nl z V o - ~  ~ N'~' 

V t ONl z .. ~r t O/ o~NzZNa, 

In this  paper  we cons ide r  on ty the  case  inwhich  l 
l '  + s b reakup  des t roys  the q u a s i - l i n e a r  r e laxa t ion  

(with i ts  p la teau  on the d i s t r ibu t ion  function), so the 
inf luence of the waves  on the d i s t r ibu t ion  funct ion is  
sma l l  and the gene ra t ion  i n c r e m e n t  may  be cons ide red  
as cons tant :  

O! .-.. ~ t n, I Ao 
a T - - o r  ,_--o = ~ E'do u " - 7  = 

Solution of the l a s t  two equat ions  in (2.1) amounts  
to the q u a d r a t u r e  

N 8 

N O 

a NS b ( Ns  ) 
Ni l=  Ni :~ + ~- In No--- ~ - -  ~ ~ - -  t , (2.3) 

in which 

nl V0 3 Ve 2 t 

6 no Yes u ~ )~e '  

24md~@e~ , T = 48m@oV,4 �9 

However,  it is more  convenien t  to reduce these 
equat ions  to 

dlnNlZd~ = a - - b e x p ( T i  Ni!dx).  (2.4) 
o 

This  shows that Ni l-- Nllo exp (ax), in i t i a l ly  for  x < 
<c,  in which e is  defined by 

The value N{ max at x = c is followed for  x > c by a 
f a i r ly  rapid  fal l .  We can e s t ima te  c f r o m  

c 

a = b exp [T ! NlZ~ exp (ax) dx], N•'~ =-- Nd , 

which with alNjy , ~  i ,  In (a/b) >~, i gives  

1 ! max l 
c = i--lna L[ a'2-'rNo I ln(a/b) = ~-ln (N1 /No) . (2.5) 

Then 

v ,  - - - ~ = ' ~  N l Z N  8 . (2 .1 )  - -  a = 
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8nnlmevoa(~)  ~ . 4nnvnev~v,,a 
- -  I n .  . , ( 2 . 6 )  

'~o ~ kotooNo u " 

The condition, for this case to oce~ ,  is N~ max << NI/r162 where 
the linear increment may be considered as constant, i . e . ,  

U v a ~gnlme~)02Vr 2 
TT>-~ -Z  (121n(atb))v= T = " " (2.~) 

' k o % N ~ )  u 

Violation of (2.7) corresponds to the case in which nonlinear pro- 
cesses follow the quasi-linear ones. As we are interested in nonlinear 
suppression of the quasi-linear relaxation, we will not consider the 
case in which (2.7) is not obeyed. Condition (2.?), taken with (1.12) 
and (1.15), sets a lower bound to U/re; also, (2.7) is compatible 
with (1o 3) only when 

(2.8) 

If t h e  l i n e a r  a t t e n u a t i o n  of t h e  s o u n d  i s  n e g l i g i b l e ,  

t h e  s e c o n d  q u a s i - s t a t i o n a r y  s t a t e  c a n  b e  s u p p r e s s e d ,  
f o r  e x a m p l e ,  b y  n o n l i n e a r  d i s p l a c e m e n t  ( a t  i o n s )  of 

t h e  s o u n d  w a v e s  t o w a r d  s m a l l e r  w a v e  n u m b e r s  by  

A k  s = 2Akl ,  i n  w h i c h  Ak1 = 2 u w 0 / ~ ,  a f t e r  w h i c h  t h e  
f i r s t  q u a s i - s t a t i o n a r y  s t a t e  r e c u r s .  T h e s e  two  s t a t e s  
t h e n  c o n t i n u e  to  a l t e r n a t e .  T h e  l e v e l  N s m a X ,  w h i c h  i s  

a t t a i n e d  f o r  x >> e ,  i n  t h e  f i r s t  q u a s i - s t a t i o n a r y  s t a t e  

i s  s e v e r a l  t i m e s  l a r g e r  t h a n  

We c a n  e s t i m a t e  [8] t h e  r a t e  of d i s p l a c e m e n t  of t he  

i o n -  s o u n d  s p e c t r u m  in  k - s p a c e  : 

~)k AoTav s TiOo2~ol 
6t 8~n0e-" ~- kr Ao --  2vsTeZn0 , 

which implies that Vo >~ lOve for a hydrogen plasma. Then (1.13) 
is replaced by the following conditions for the range of application of 
(2.3), subject to (2.7) and (2.8): 

e __t m i ,,IA~ v~ ~% 
":tvi  t )tv), 

v--' ) 
(2.9) 

Further, the condition is as follows for the application of the con- 

cept of the number of quanta 2u/k~ = k << c: 

nl i I v e \ ~ l  u \~ 
t-~e ) l n ( N l i m a : l N ~  (2.11) 

and so (2.11) is obeyed when (1.14) is obeyed. 

The time to attain the spatially stationary picture is 

c i 
�9 ~ = ---~ , c = --~-ln(N~max/No l) , (2.12) 

I )~/~ in which v s = (T e mi is the speed of sound in the plasma. 

w 3. If in  s o m e  w ay  i t  i s  p o s s i b l e  to  p r o d u c e  a s t r o n g  

s o u n d - w a v e  f l u x  

in  t he  r e g i o n  of r e s o n a n t  w a v e  n u m b e r s  a t  x = 0 in  t h e  

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

s u p p r e s s e d ,  a s  w i l l  any  g e n e r a t i o n  of  l o n g i t u d i n a l  w a v e s  

b y  t h e  b e a m ,  a n d  we ge t  a q u a s i - s t a t i o n a r y  s t a t e  w i t h  
l t N l --- No.  One  of t he  c a s e s  i n w h i c h  s u c h  s u p p r e s s i o n  

c a n  o c c u r  i s  a b o u n d e d  p l a s m a  of  s i z e  L > a -  ~ In  ( N ~ m a x /  

/No/) w i t h  m i r r o r  w a l l s ;  t h e n  (2 .12)  g i v e s  t h e  t i m e  

t a k e n  to p r o d u c e  t h e  f i r s t  q u a s i - s t a t i o n a r y  s t a t e ,  w h i c h  

As s u p p r e s s e d  b y  t h e  s o u n d  w a v e s  a f t e r  a t i m e  on  t h e  

o r d e r  of 

v~ = 2L/v ,  . (3.1) 

W, ~ (25t) -s f N~ ( k~) go)~Oo2ks~dk, . (3 .2 )  

The following is the time for displacement of the 

sound-wave spectrum by Ak s, and hence, the time 

for disruption of the first stationary state : 

/ 6k Aks2vsnomiTe klkominouaoo 
~3 ~ Aks -6F -- 2TiksSW ~ 2ks~Tin~vao " (3.3) 

The following are the conditions that cause alter- 

nate termination of the first and second quasi-station- 

ary states: 

~1 "~ i/~3 " ~  v,/2L ~ v,a/2 In (N~max/No z) (3 .4 )  

in which /71 is the linear damping for the sound. 
An analogous picture may also occur if the second 

quasi-stationary state is suppressed by linear damp- 

ing (or absorption at the boundaries x = 0, L) for the 

sound waves, when N s < N s* for x = 0: 

i / . ~ a < ~ l ~ v U 2 L < v ~ a / 2 1 n ( N ~ r ~ a x  / Nto).  ( 3 . 5 )  

If/31 =/30 = (7T/2)1/2 k s v e m e / m  i ( L a n d a u  d a m p i n g )  
f o r  a g i v e n  n o i s e  l e v e l ,  we m a y  ge t  s m o o t h i n g  of  t h e  

part of the electron distribution responsible for linear 

absorption, and then the energy NSwsAks(27r) -I be- 

comes comparable with mv0AvfeAvn0, and fi0 be- 
comes zero. The following is the level N s at which 

a plateau appears in the electron distribution and 

p~ - o :  

Np ~ 4 V'2~'m~nov ~ ~ m~k~u 
= ,~ik~0~ ( # )  ~ �9 

T h e r e  i s  n o  l i n e a r  d a m p i n g  a t  t h i s  N s and  a b o v e .  

In o u r  c a s e  t h e  r a t i o  

(3 .6 )  
k s ~ �9 

T h e n  i t  i s  n e c e s s a r y  to  a s s u m e  t h a t  fit  --- fl0 + f i s t ,  

i n  w h i c h  f i s t  i s  due  to  e o l l i s i o n s .  
C a l c u l a t i o n  of  t h e  i n i t i a l  ( t h e r m a l )  l e v e l s  [9] g i v e s  

~ e  00 jVo ,~ = ~'e (00~ 
fV~ 27~t ' 36nvSk~ 
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As an example, comider a hydrogen plasma with . f in  0 = 10 -4, 
n o = 3 �9 101~ cm -s, k 1 = 10 k 0 (five satellites) and 

. k , = 2  (k x - k 0 ) = i 8  ko, ~o 0=1010  see-l ,  

ve = t O S c m / s e c ,  u/ve = 2, Te/ Ti---- lO 2, 

l n ( a / b )  = 1t, a = 2.9cm a, l n (N j ,  lm ax /No  l) = 17.5, 

c ---- 6.0cm, ~.1 = 2n]kj. ---- 0.8cm o 

In that case. the time for formation of the first quasi-stationary 
state is q = 2.6 psee, the time for suppression of this state (with L = 
= 10 cm) is T~ = 8.6 ~sec, and the time of existence of the second 
quasi-stationary state is not more than r s = 500 ~sec. 

w 4. When linear damping of the sound waves due to collisions 
is incorporated, $1 = Sst and N z << N s, i .e . ,  when n > 1, the 
initial system has, for O f / B y  = constant, solutions with closed phase 
loci similar to those shown in the figure. The process corresponding 
to the lower part of the curve is very slow. We have the following for 
the spatial problem: 

v zON~ z . I Of a N  INs 

ONs ~ ~ s 
v s ~ = -7 N1 N -- ~IN . (4.1) 

The~ 

V~ [ 0N:l t N s NS*__N s 

2vs ON ~ ~ = N1 z - - - -  N f ' '  

"r~ Of l ~  
N1 ~o (4.2) 

The integral of 

Nl l  - -  N I  l max __ Nil* In (N1 l / N1 ~ max) _~ 

2k0 
= ~ [N ~* In (N ~ / N ~') - (NS - N~')I (4 .3 )  

for N s = N s* defines the two values 

N1 ~ (1) = NI~+ = N i l  max, 

N11 (2)= N!l+e -Vr = N1 l - ,  c ~ N1 l• ] N1 l+ �9 

For N I l = N11 * the integral of (4. g) defines similarly the two 
values 

The upper part of the graph corresponds to thetime r I = C/Vs (w 
while the increment for the lower part is y ~ aN/ /2  -- $1 (with 
BI > (c~/2) N/) and in any case is not greater than $1, and so the 
attenuation length is not less than L s = vs/$1 (correspondingly, r s = 
= Ls/Vs= 1/$1). The above periodicity can occur for a plasma with 
a size L > L~, while the stationary pattern of w 2 will occur in a 
semi-infinite plasma. 

I a m  i n d e b t e d  to  V. N. T s y t o v i c h ,  w h o  p r o p o s e d  the  

b a s i c  i d e a  f o r  t h i s  p a p e r ,  f o r  m u c h  Valuable  a d v i c e .  
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kl N1 l+ 
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