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It i s  shown in [1] that  v o l u m e  w a v e s  a r e  e x c i t e d  in an unbounded p l a s m a  s i t u a t e d  in a u n i f o r m  a m p l i -  
t u d e - m o d u l a t e d  h i g h - f r e q u e n c y  (hf) e l e c t r i c  f i e l d  w h o s e  c a r r i e r  f r e q u e n c y  i s  much g r e a t e r  than  the  e l e c -  
t r on  p l a s m a  f r e q u e n c y .  The  p a r a m e t r i c  r e s o n a n c e  o c c u r s  b e c a u s e  t he  n a t u r a l  o s c i l l a t i o n  f r e q u e n c i e s  of a 
p l a s m a  in an e x t e r n a l  hf f i e ld  d e p e n d  on the a m p l i t u d e  of th i s  f i e ld .  If the  pump f i e ld  i s  a m p l i t u d e  m o d u l a t e d  
at  t w i c e  the  n a t u r a l  o s c i l l a t i o n  f r e q u e n c y  of the  p l a s m a ,  p a r a m e t r i c  exc i t a t i on  of l o n g i t u d i n a l  w a v e s  can  be  
a c h i e v e d  in the  s y s t e m .  

In t h i s  p a p e r  w e  c o n s i d e r  the  p a r a m e t r i c  exc i t a t i on  of s u r f a c e  m o d e s  in a bounded p l a s m a  by a m o d u -  
l a t ed  hf f i e ld .  It i s  found tha t  a p a r a m e t r i c  i n s t a b i l i t y  d e v e l o p s  w h e r e  the  s u r f a c e  w a v e s  a r e  l o c a l i z e d  n e a r  
the  p l a s m a  b o u n d a r y  if the  a m p l i t u d e  modu la t i on  f r e q u e n c y  i s  c l o s e  to t w i c e  tha t  of the  s u r f a c e  m o d e s .  The  
r e s t  of the  p l a s m a  r e m a i n s  s t a b l e .  It i s  thus  p o s s i b l e  to u s e  a m o d u l a t e d  hf f i e ld  to p r o d u c e  he a t i ng  of s u r -  
f a c e  p l a s m o n s .  

We c o n s i d e r  a u n i f o r m  p l a s m a  (z > 0) bounded  by a m e d i u m  with  d i e l e c t r i c  p e r m i t t i v i t y  (~0 (z < 0), and 
s u p p o s e  tha t  the  hf f i e ld  i s  

E (t) = E o s i n  a)ot -:- E l s i n  (oit -+- E 2 s in  o)2t 

t.o 1 = r -~- ~, to z = (.o --  ~'], o .~  too, (l)o ~ ~ O) 

It can  be shown by a me thod  s i m i l a r  to  tha t  d e v e l o p e d  in [1] tha t  the  F o u r i e r  c o m p o n e n t s  of the  f i e ld  
p o t e n t i a l  of the  l ong i t ud ina l  w a v e s  at  the  p l a s m a  b o u n d a r y  s a t i s f y  the  equa t ion  

ao 

d)(z=0,~O-, nQ, k~){|-{- Ae~(t.o--~-'~ n~)}-~- ~_j ll,n_ Ara_s Aee(t~+mQ) O ( z = O , ( o + s ~ , k l l ) =  0 

co 

b.e;3 (0)) = 5e , ( ( tO)  (1 -',- t ;v ) - l ;  aj=eE~kil /me%~=kllrEj;  ~ = e , i  

H e r e  5ef t (w)is  the  l ong i tud ina l  p a r t i a l  d i e l e c t r i c  p e r m i t t i v t t y  of p a r t i c l e s  of k ind  fl, kl[ i s  the  p r o j e c -  
t ion  of the  s u r f a c e - w a v e  v e c t o r  on to the  p l a s m a  b o u n d a r y ,  e i s  the  c h a r g e  on the  e l e c t r o n ,  mfl i s  the  m a s s  
of p a r t i c l e s  of k ind /3 ,  J m ( a j )  i s  the  B e s s e l  func t ion .  I n t r o d u c i n g  the  p e r t u r b a t i o n s  of the  c h a r g e d - p a r t i c l e  
d e n s i t y  at  the  p l a s m a  b o u n d a r y  

p:, (z = 0) "-:A% (~o) 
n ~ - - o o  

(z = 0,  r -!- nQ,  k i; ) "'In 

we can  r e d u c e  Eq. (2) to a s y s t e m  which  i s  i d c n t i c a l  wi th  tha t  s t u d i e d  in [1] e x c e p t  tha t  ACfl (W)is r e p l a c e d  
by 5aft (w, k ) .  We can  t h e r e f o r e  use  the method  of so lu t i on  d e v e l o p e d  in [1]. 

We  l i m i t  the  a n a l y s i s  to the  two m o s t  i n t e r e s t i n g  t y p e s  of f i e ld  (1). F o r  w e a k  modu la t i on  E 1 = E 2 = 
1 / 2 a E  0 and (~ :< 1. F o r  s t r o n g  m o d u l a t i o n  the  f i e ld  b e c o m e s  

E (t) = Eo sin slat "- E1 sin e)lt (3) 
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and the ampl i tudes  E 0 and E l can be comparab l e .  

The max im um  value of the growth ra t e  for  weak modulation at a f requency 2WLe/lV~-4-~r 

"fmax = 0.Tctt0Ll [ rne ]% 
m i (1 + Co) 

where  WL/3 is the p l a s m a  f requency for  p a r t i c l e s  of kind/3. 

In the s t rongly  modulated field (3) the max imum instabi l i ty  growth r a t e  is equal to 

tOLl ~/~ me r 
*fmax= 2 mt(t -l-e0) 2 Jm(ao)Jm(aOJm+ 1 (aO)Jm+ 1 (a;) 

(2m + t)' I 

(4) 

(5) 

If it is not n e c e s s a r y  to a s s u m e  a sha rp  boundary in o rde r  to get the max imum instabi l i ty growth ra te ,  
a calcula t ion of the threshold modulation depth allowing fo r  d i s s ipa t ive  effects  mus t  take into account  the 
sp read  in the boundary.  We the re fo re  cons ide r  the c a s e  of a nonuniform p l a sma  which is s epa ra t ed  f rom 
the sur rounding  medium by a t rans i t ion  l aye r  of th ickness  a in which the density va r i e s  much m o r e  rapidly 
(kll a << 1) than in the ma in  body of the p l a s m a  (k[]-lalrm0/Oz] z > a << 1. The wave spec t rum and the s tabi l i ty  of 
such a p l a s m a  in a s t rong hf field have been studied in [3]. The p r e s e n c e  of a nonuniform t rans i t ion l aye r  
p roduces  [4] d iss ipat ion of the su r f ace  modes because  of the i n c r e a s e  of the longitudinal field which occu r s  
when the f requency of the su r f ace  modes approaches  the local  p l a sma  frequency.  Knowing the attenuation 
of the su r f ace  waves ,  we can d e t e r m i n e  the threshold  value of the modulation depth ~* at the second h a r -  
monic 

a* : 2.3 " ~ e  ~ t ' ~ o  ~o dz~ [e (0., Z) l ~ g I "i- ~:o COLe 
o (6) 

Here  t,ei is the col l is ion f requency of e lec t rons  with ions. The quantity k 0 which appea r s  in Eq. (6) is 
found f r o m  the condition 

-4 2 (]---- ~) i' ~ (c%:, z) 4k0 ~z  z>aJ'  (a+ = COLe (t -Jr e0)-':' (7) 

The propaga t ion  angle in a plane pa ra l l e l  to the boundary and re la t ive  to the vec to r  E 0 is given by 

k U rE0 = t .43 (8 )  

It can be seen  f rom Eq. (6) that  in con t r a s t  to the vo lume-wave  c a s e  [1] the threshold  modulation depth 
at the second  harmonic  of the su r f ace  waves  in the c a s e  of a finite t rans i t ion l aye r  is de te rmined  pr incipal ly  
by co l l i s ion less  absorp t ion  p r o c e s s e s .  

We now cons ider  the modulation of the hf field by a weak low-f requency  signal.  This  causes  the ex-  
ci tat ion of low-f requency  waves  ([w] ~ WLi). The r e su l t an t  spec t rum for  a nonuniform p l a s m a  has  been studied 
in [3]. F o r  the threshold  modulation depth we have 

a 
a* = 2.3a ~ e~ ko" ol dz8 [e, (z)], e, (z) = I -- (i -~ eo) o~,~i (Z)(a) 

Here k o is defined by Eq. (7) in which we have to put 

~+ = 0;9r (a) (1 ,'-- e0) -~/' ' 

The propagat ion angle at  the threshold  is defined by Eq. (8) and the max imum instabi l i ty  growth ra t e  

~max = 0.24 (l + E0)-':'aOLi 
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