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The l inear theory  of the pa ramet r i c  excitation of waves in a nonisothermal  p lasma by a high-frequency 
field of frequency COo @0 ~ Wpe, COpe is the p lasma e lec t ron frequency) predicts  the existence of two regions 
in k-space  with different excitation thresholds.  The decay instability [1] displays the lower threshold  (and 
a higher increment).  

In the present  repor t  it is shown that a simplified dynamic descript ion of the plasma,  based on an 
average  over the fast  t ime w -1 p r e s e r v e s  all the kinetic effects. The dispers ion equation obtained on its pe, 
basis  is applied to the study of the instability of an isothermal  plasma.  It is shown that the two thresholds  
can be comparable  when T e ~ Ti; the increments  in the decay instability in this region are  determined.  

Let us consider  the excitation of long-wave (kr d << 1, r d is the Debye radius) p lasma osci l lat ions by 
a uniform field E = E 0 sin coot with a f requency co o close to the p lasma frequency cope. For  a descr ipt ion of 
the Langmulr  osci l lat ions it is sufficient to confine oneself to the hydrodynamic equations averaged over  the 
fast  t ime copl e [2]. In an approximation l inear  with respec t  to the increas ing dis turbances  we have 

~ t  ~ + ( i t %  + q-)% = -  ~(kEo) fn~e- i (~176  e)t (1) 

Here Sk is the Four ie r  component of the slow amplitude of the high-frequency par t  of the e lec t ro -  
static potential ~v e 

cp~ = *h (*e -~pJ + ~*e ~'~p~t ) (2) 

5n is the low-frequency var ia t ion in the e lectron (and ion) density relative to the equil ibrium density n o (no>> 
5n), 6Ok=3/2 COpe (krd) 2, and ~/ is the decrement  in the attenuation of the Langmuir  waves. 

Slow movements  of a p lasma with an a r b i t r a r y  ra t io  of e lec t ron and ion t empera tu re s  must be de- 
scr ibedkinet ica l ly .  We can account for the effect of the Langmuir  oscil lat ions on these motions as the 
effect on the e lec t rons  of a "high-frequency" force with the potential 

U - -  eZE0 [ei(Wo-O~pe)t -" (3) --  8m(%e~ V~ + e ~('~ VO? *] 

For  the distr ibution functions f e ,  i we have [3] 

ot ~ ~ e Ofo ~ off ~ t ( v -  ~ ) a ~  = o (4) 
o--7- + vN/ - ~ v~ ~ = o, ~ + v,vf -- --s v ov~ 

where q~ is the slow part  of the e lect ros ta t ic  potential and f ~ '  i a re  the Maxwell distributions for  the e lec-  

t rons  and ions 

8n = I (f'~ - t~ dv (5) 

Let us set 
te,~ __ foe3= 6/o,e,le-i~t+~kr + 51,o *e,~ e~Ot-~kr, cp = r + tp~k,e~t-~kr (6) 

~0 = t~+e -i(~176176 + ~ e i(~*-~176 
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We obtain the following dispersion equation for  the complex frequency co: 

r 1 / T  

(7) 

(s) 

[ o'] 
- ~ - - ~  0 

fD 0) 2 Y=VT oxp[- ], p-- 8~0Te  COS (E0k) 

(9) 

where v e and v i a re  the thermal  veloci t ies  of the e lect rons  and ions. In the derivation of (6) and (7) it was 
assumed that ]wl <<kve; all the instabilities considered below lie in this region of frequencies.  

We note that (7) is applicable only when P <<1, when the velocity of  the e lectron oscil lat ions in the 
external field is much less  than their  thermal  velocity. The dispersion equation used in [4] and based on 
the success ive  kinetic approach differs f rom (7) in allowing for e l e c t r o n - e l e c t r o n  and e l e c t r o n - i o n  col l i -  
sions, the f i rs t  of which in a majori ty of cases  makes a small  contribution to the low-frequency decrement  
in the attenuation compared  with Landau damping, while the second are  allowed for phenomenologically in 
(1). Moreover,  small  cor rec t ions  to the e lectron plasma frequency in t e r m s  of the pa rame te r  (m/M)1/2 a re  
retained in this equation. The simplified dynamic descript ion based on averaging over the fast t ime C0pl e 
thus retains all the features  of the ki~mties. On the other hand it allows one to examine ra ther  simply the 
nonlinear stage in the development of an instability. 

Instabili t ies in a nonisothermal p lasma have been well studied [4]. For  example, the aperiodic (Re w = 
0) and decay instabili t ies differ when co0-C~ >> Y" The aperiodic instability has a maximum increment  

Fmax = - -  T -[- (OpeT B (T  e + Ti ) ' l  P / 4  (10) 

at the surface 
(o k + o)p~ -- % = top, T, (T~ + Ti) -I P / 4 

The minimum threshold is Pmin=4  (T e +TO TelY/cope. In a nonisothermal p lasma (T e >>Ti) the con-  
dition kvi >> F of applicability of (10) is rapidly violated with an increase  in the field E 0. However, Eq. (10) 
remains  valid when kv i << F << f2 k (~2 k is the ion sonic frequency), as follows f rom (7)-(9). Thus, the nature 
of the aperiodic instability does not depend on the temperature  ratio. 

The decay instability in a nontsothermal p lasma has a much lower threshold than the aperiodic in- 
stability 

/ ,~ \,/2 1/--W 
Ope~]--- ~ ,  T s = 

and cor responds  to the limiting case [ w[ >> kvi; y s is the low-frequency decrement  in attenuation. 

The maximum increment  is reached at the surface 

COo -- ~p~ = c% + O k (12) 
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rmax = 1/2 [-- (7 -~- ~,) + ~/(T --  ~s) ~ + 1/2p(Op~ k ] (13) 

At  t h i s  s u r f a c e  Re w = gt k. The  r e g i o n  of a p p l i c a b i l i t y  of  (13), a s  fo r  (10), i s  l i m i t e d  b y  f i e l d s  at  
which  ~2 k >> F .  With a n  i n c r e a s e  in the  ion t e m p e r a t u r e  the  s u r f a c e  (12) is  found in a r e g i o n  with  s t r o n g  
Landau  d a m p i n g  on the  ions .  In t h i s  r e g i o n  one m u s t  d e p a r t  f r o m  the e x a c t  e q u a t i o n s  (7) and  (8) in o r d e r  
to  c l a r i f y  the  n a t u r e  of  the  i n s t a b i l i t y .  

F o r  f r e q u e n c y  d i f f e r e n c e s  r 0 - w k - w p e  >>T it  f o l l ow s  f r o m  (7) tha t  when F << Re a~ 

(00 - -  (0pc - -  (o h = Re ~ ( 1 4 )  

In this case for the threshold value of the field one obtains 

Ti T ( a + )  R Te 

P = ~ 7 ~  ~ ~ +  , ~=n~+Y~-  T~, (15) 

The  n u m e r i c a l  so lu t i on  of  (14) and  (15) m a k e s  it p o s s i b l e  to d e t e r m i n e  the  m i n i m u m  t h r e s h o l d  and the  
s u r f a c e  of the  m a x i m u m  in the  i n c r e m e n t  in the c a s e  o f  T e ~ T i. The c a l c u l a t i o n s  show tha t  when T e ~ 3 /4  
T i the  t h r e s h o l d s  in the  d e c a y  and a p e r i o d i c  i n s t a b i l i t i e s  a r e  c o m p a r a b l e .  F i g u r e  1 shows  the  de pendence  
of  the  r a t i o  ~ of  m i n i m a  of the  d e c a y  and a p e r i o d i c  i n s t a b i l i t y  t h r e s h o l d s  on the  t e m p e r a t u r e  r a t i o .  S t rong  
d a m p i n g  on the  ions  a l s o  c h a n g e s  the  d e p e n d e n c e  of  the  i n c r e m e n t  on the  e x t e r n a l  f i e l d  in t h i s  r e g i o n  c o m -  
p a r e d  with the  n o n i s o t h e r m a l  c a s e .  When T e ~ T i 

('pc T e P 
rmax~ 4 T i b ' Reco>~r>~-'f (16) 

The v a l u e  of b i s  t a k e n  at  t he  s u r f a c e  (14). The d e p e n d e n c e  of  the  i n c r e m e n t  F =4 F / w p e  P on the  
r e l a t i v e  f r e q u e n c y  d i f f e r e n c e  5 = (w k - w  0 + Wpe) / ( T e / M )  lY2 fo r  the  v a l u e s  T e / T  i = 1 and 4 is  shown in F ig .  2. 
The cond i t i on  (14), a s  i t  is  e a s y  to  show,  m e a n s  tha t  I ~b+l << [ r  ] �9 Thus ,  in an  a p p r o x i m a t i o n  l i n e a r w i t h  
r e s p e c t  to  the  d i s t u r b a n c e s , p a i r s  of w a v e s  (Snko J and  r with o p p o s i t e  wave  v e c t o r s  a r e  f o r m e d  and  deve lop  
fo r  which the  s u m  of  the  p h a s e s ,  a s  s e e n  f r o m  (8), i s  a fu l ly  d e t e r m i n e d  v a l u e .  Th i s  f ac t  i s  o b v i o u s l y  not 
c o n n e c t e d  with  the  k i n e t i c s .  

Thus ,  in an  i s o t h e r m a l  p l a s m a  one m u s t  d i s t i n g u i s h  two i n s t a b i l i t i e s  hav ing  c o m p a r a b l e  t h r e s h o l d s ,  
the  s a m e  d e p e n d e n c e  of t he  i n c r e m e n t s  on the e x t e r n a l  f i e ld ,  and  d e v e l o p i n g  in d i f f e r e n t  r e g i o n s  of k - s p a c e .  
D i s t u r b a n c e s  wi th  wave  v e c t o r s  a t  the  s u r f a c e  w k =w o - Wpe which  s e p a r a t e s  the  r e g i o n s  i n d i c a t e d  above  
a r e  not e x c i t e d  at  a l l  in the f r a m e w o r k  of (7). 

The  c o n c l u s i o n s  p r e s e n t e d  a r e  n e c e s s a r y  f o r  a s tudy  of the n o n l i n e a r  s t a g e  of  d e v e l o p m e n t  of an  
i n s t a b i l i t y .  

In c o n c l u s i o n  the a u t h o r  t hanks  V. E. Z a k h a r o v  f o r  the  f o r m u l a t i o n  of the  p r o b l e m  and a he lpfu l  d i s -  
c u s s i o n ,  a s  w e l l  a s  A. M. R u b e n c h i k  f o r  v a l u a b l e  r e m a r k s .  
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