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In [1] the authors considered the self-consistent problem of the 
generation of ion-sound plasma oscillations by strong plasma oscil la-  
tions (random phases), where the excitation of ion-sound oscillations 
is accompanied in the one-dimensional approximation by the appear- 

ance, in the plasma oscillation spectrum, of satellites differing from 

the basic frequency by frequencies of the order of w0i. There has 
recently been a rise in interest in this question, since experimental  in- 

vestigations indicate [2] that such excitation does in fact occur. 

Moreover experimental results are in quali tat ive agreement with the 
predictions of one-dimensional theory (even when the magnetic field 

is not taken into account), as regards the distribution of satellites in 
the plasma as a function of the ratio of the levels of high- and low- 
frequency oscillations. The results of [2] led us to institute a more 
detailed analysis of the question of the development and distribution 
of satellites when the linear absorption of ion-sound waves, which 
was neglected in [1] and is of importance under certain circumstances, 
is taken into account. The appearance of conditions for which this 
absorption is important is of interest in the general picture, since the 
mechanism by which weakly damped plasma waves are converted 
into easily damped ion-sound waves may ensure that fairly l a rge-  
amplitude plasma oscillations are strongly damped in a t ime which 

is much less than the collision t ime.  ~ In this connection the self- 
consistent problem of the conversion of high-frequency transverse 
waves ~ >> ~0 into ion-sound oscillations as a result of mult i -s tage 

conversion (which turns out to be very much more probable than the 
direct process), when a transverse wave generates a plasma wave [.q] 

on decay, and the plasma wave subsequently generates an ion-sound 
wave, is treated in what follows. The calculation is carried out 
taking the absorption of ion-sound waves into account in the one- 
dimenshmal approximation, 2 

1. Taking into account the linear absorption of sound waves 
may be important in certain cases in the process where a longitudinal 

plasma wave decays to a plasma wave (satellite) and a sound wave. 

This absorption is associated with electrons moving in phase with the 

sound wave, and may be taken into account in the equations of [1] 
for the immber of ion-sound waves N s by means of the addition of 

the term (see, for example, [4]) 
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The linear absorption of sound alters the picture of a decay 
process quali tat ively when it has an increment ~, if B >> 1/2 7N/, i. e . ,  
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Here W l is the energy of the plasma waves at the init ial  moment. 

N l is the number of waves in the spectrum with k 1 > k 0 (the necessary 

condition for decay), the spectral width is Ak~ << .l k 0, and the wave 
number of the sound waves generated in the decay process is k s = 2 x 

x (k x - k0). 
When (1. I) is fulfilled the number of ion-sound waves in the 

decay process rapidly attains a value determined by the equation of 
absorption and generation 

two a r e  of course, speaking about oscillal~ons whose Landau 

damping is negl igiblysmall ,  v / >> v e. 
ZTbe part played by the presence of more than one dimension 

in the decay Of transverse waves into plasma waves is discussed ii1 
[.q] aud leads to the criterion AO << ( W o / W )  ~tz. 
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after which the variation of N s follows adiabat ical ly from the varia- 
tion of the number of plasma quanta. N l, and N s remains small. 

Thus, N l may be neglected everywhere in comparison with N s 

in the nonlinear equations for N l, and it immediate ly  follows from 

these that in the final state al l  the energy is transferred completely 

tO the one last satel l i te  which can not now decay. 
To illustrate the course which such a process takes, we shall 

give the solution of the correspond{ng nonlinear equations in the case 

of two satellites 
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We note that the characteristic t ime (increment) of the decay 

process does not change for the condition of stron~ dampin~ but 
that only the distribution of energy over the satellites changes. 
When the inequality which is the inverse of (1.1) is fulfilled the 

results of [1] follow, 
2. We shall consider in greater detail the decay process when 

there is a greater quantity n - I of red satellites in the conditions 
given by the inverse inequality (1.1). The equation for the satell i te 

with index i and those of its two associated lines of ion-sound waves 
corresponding to decay and fusion, allow us to obtain for the quasi- 

equilibrium states 

N i  z (or N~ ( t  - -  N , )  
N i - -  N1 t(O) ' N.,.=" l - - 3 N 1  
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Here N 1 is determined by the equation 

l = -YI -]- N1 (t - -  N1) n N~_, (Ni_ 1 --  3Nt_ s) 
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For example, we have for the two satellites of (2.1) N t = 2/14, 

N z = 3114, N s= 9/14. For the five satellites N 1 :  0.060, N 2 = 0.075, 
N s - :0 .085 ,  N4 : 0.110, Ns = 0.165, N 6 :  0.505. It is thus clear 
that the maximal  number of longitudinal wave quanta will correspond 

to the last two or three "leading" satellites, the "front ~ propagating 

in k-space. The "last" satellites (the "front') are followed by the 
"tail  ~ of low-intensity "ini t ial  ~ satellites, the number of quanta in 

each of which gradually decreases. The velocity of propagation of 

the "front" or of the "maximal"  satell i te in k-space is, in order of 

magnitude, 

Ak 4k0 3ko~N~ t (0) .  ( 2 .  ~) 
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This velocity decreases as the intensities of the "leading" satel- 
lites decrease. This process ceases when the last "leading" satell i te 

reaches ko, where the entire energy of the waves will consequently 
accumulate.  When the absorption of ion-sound waves is taken into 

account the picture of the process is even more one in which the 
energy is transferred completely to the "leading" satel l i te  and the 

levels of the "tail" satellites fall to zero. 
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3. It should be noted tha t  the  decay  of the  p l a sma  wave spec-  

t rum in an unbounded p l a sma  is also of interest  as regards the  more  
complex  process in which this  spect rum is genera ted .  The m u l t i -  

s tage  conversion of  h igh - f r equency  transverse waves (co >> w0) to 

sound waves 1 is an e x a m p l e  of such a process. This process is possible 

in a non iso thermal  p l a sma  on condi t ion  tha t  v e ~ e ] F m ~ / 9  m~. We 

m a k e  use of the o n e - d i m e n s i o n a l  equations of [8] for the decays  of  
t ransverse waves.  Rela t iv i s t ic  p l a sma  waves with k l = ~ 0 / c  are 

genera ted  in such a decay .  If  the  l e v e l  of  N~ l genera ted  is high 

enough so tha t  the  damping  of ion sound may  be neg lec t ed  and the 
rat io of the decay  increments  l --~ s + l '  and t --~ l + t '  

( o, ~ 8n ~ ~ '~e f l ,  c~ 
z =tsg/-Y\-~7(/ ~7 ~ i '  (~'~) 

then  for the i n i t i a l  p rob lem we eas i ly  obta in  tha t  the  two- s t age  decay  

t --~ l + t '  --~ s + l '  + t '  proceeds wi th  an i nc r emen t  four t imes  less 
than  the decay  i n c r e m e n t  t ~ l + t '  [8], i f  we conf ine  ourselves to 

one p l a sma  sa t e l l i t e .  

This decrease  of i n c r e m e n t  is exp la ined  by the fact  tha t  at  every  

instant  of the  slow decay  process t --> l + t ' ,  the  sys tem of l ines is in 

a quas i - s ta t ionary  s ta te  r e l a t i ve  to the fast decay  process l --~ l '  + s, 

with a r e l a t i ve  accuracy  of co~y, where only 1 /4  of the in i t i a l  quantRy 
of  quanta  remains  in  the fundamenta l  l ine  in  the quas i - s ta t ionary  
state ,  and 3 /4  in  the long i tud ina l  s a t e l l i t e .  

The presence  of a l a rge  number  of  long i tud ina l  sa te l l i t es  slows 
down the m u l t i - s t a g e  decay  under cons idera t ion  even  more .  Cond i -  

t ion (3 .1)  holds in the most  in te res t ing  case when % / ~0 ~< t0  -z in 

fact  (consider ing tha t  % > c (m e / 9m 0 %). 

On the other hand,  in  the  less in teres t ing  case 

8~ ~" ( ~ 1 v, c~ 
-5- ~-~ / ~ < ~ ,  

t ~ l �9 t ' ,  the  decay  proceeds faster  and further decays  l --~ s + l '  
have  no effect  on the rate of the first process. 

In the case of the  t w o - s t a g e  decay  process when ion-sound damp-  

ing is impor t an t  from condi t ion  (1.1)  the decay  process which at  first 

proceeds accord ing  to the law (for e x a m p l e ,  for a number  N~ t of 

waves in the i n i t i a l  transverse sa te l l i t e )  

N J  = N i  t (0) - -  } /~ ' l t~  (O) - -  2N~. t (0) Na t (0) exp (Ns  t (0) ~t),  

to fa i r ly  sma l l  values  of  Nz t ,  de te rmined  by the equa t ion  

N t = ~ I y t ( O ) ( . 2 N t ( O ) _ N t ( O  ) )v/27 
2N~ t - -  N i  t (0) (3 .3)  

and then  v i r t ua l l y  proceeds no further, s ince  for the  corresponding 

l e v e l  of the second s a t e l l i t e  N2/, a l l  the  f i rs t  l ong i tud ina l  s a t e l l i t e  

quanta  N~ l which are  genera ted  decay  p r a c t i c a l l y  i m m e d i a t e l y .  

4. We shal l  dwel l  b r ie f ly  on the results of our cons idera t ion  of 

the quas i - s t a t ionary  o n e - d i m e n s i o n a l  boundary problems,  which is of  

some in teres t  s ince  a l e v e l  of long i tud ina l  waves in  the pIasma suf- 

f i c ien t  to cause  the appearance  of nonl inear  effects m a y  be crea ted  

by any sources on the boundary,  as for e x a m p l e  in [2]. 

We assume tha t  for x = 0 a f lux of long i tud ina l  waves enters the 

p l a sma .  Using the same  equations [1, 3] with the change  of operator  

0 (...) / Ot --, VO 6 . . )  / Ox (where V = 0~0 / Ok is the  group ve loc i ty ) ,  

we ob ta in  the  result  tha t  the  charac te r i s t i c  decay  length  in the case  

of one p l a sma  s a t e l l i t e  is  of the order 

3Ve~ekO . m, enoVe ~ 
x~ : 2TN1 ~(0) - -  12~,e~-Ak <Wt> (4 .1)  

~A s imi l a r  p rob lem with f ixed phase is considered in [5]. 

By way of i l lus t ra t ing  this  case,  we g ive  some solutions of the 

non-. l inear equations de t e rmin ing  the  spat ia l  dis t r ibut ion of the wave 
number  NI (x). 

We have ,  from the condi t ion  (1 .1)  for strong damping  of ion 
sound: 

a) If  k s < 0 the  quanta  of  the  s a t e l l i t e  f ly backwards,  and the 
quanta  of the fundamenta l  l ine  forward. We should have  ON l / Ox = 0 
at in f in i ty  in the quas i - s t a t ionary  case and consequent ly  NIN2 l = 0, 

which is reasonable  for N2 z = 0, N1 z e 0, for e x a m p l e .  Thus Ni l (0) 
and N i (~)  are g iven .  The  solut ion has the form 

kiNilcl  ~ /~':~iVa I = ],'tN11 (co) ,  

r l_ ,q_  N?(O? ~ "~S?(~>.~! Nlt (x) =: NIl (oo) (4.2) 
\ t 

b) If k s > 0 the quanta of the satellite fly forward Ni I (0) ~ 0, 

"seeding" N2 / (0) << NIl (0), then 

X? (x) = ~ 7  (0) ( t  + ],:~N] (0)~ ( _  ~N?  <0)~, 1 
~ / e x p  ,8v~)%k 2 ] X 

(~ (- • 
-t- ~ 3v~:~ it.2 ] j  . (4 .3)  

When damping  is un impor tan t  we have :  

a) If i< 2 < 0 and N s (0) = 0, Ni l (0) ~ 0, for e x a m p l e ,  are g iven,  

the  to ta l  flux kiN1 / (0) + kzN2 / (0) = 0, then 

-o kl , l 
A '~ (x) = ~ (;~ 1 (0) -- X~ ~ (.~:)) , 

N l (x) = N11 (0) [2 - -  exp (1'~ V](0)y*x)] -l, 7 ' =  (~176176 
iVmenoVe~k.  (4 .4)  

b) I f k z >  0 and N s (0) = 0, N l (0) ~ 0, t h e " s e e d i n g "  A ~ N 2 / ( 0 )  << 

<< Ni l (0), then  

sVl ~ (x) -- 

N ]  (0) -6 A -6 @-7~---/~ cxp (~*X] (0) z) 

4k0A 
t +  (4ko- -k l )  N1 l(O) cxp(I*.N1 l(0) x) 

(4. 5) 
= 6kove~ek ~ ]" 

We stress tha t  the  length  of the  non l inear  transfer x0 depends 

only feebly  on the damping ,  fn consider ing m u l t i - s t a g e  decay  
t --~ t '  + l --- t '  + l '  + s, Sect ion 3, as a function of the coord ina te  

in the quas i - s ta t ionary  case for k 2 < 0 the length  of the nonl inear  

transfer increases (k i + 91%)/k 1 t imes ,  and for k 2 > 0 i t  increases  

4 k 0 / k  1 t imes  compared  with the transfer length  for s ing le - s t age  

decay  t ~ t '  + Z. 
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