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The s tabi l i ty  of a weakly  ionized homogeneous p la sma ,  s i tuated in a weak superhigh f requency 
(shf) e l ec t r i c  field and a constant  magnet ic  field, is studied. Expres s ions  a r e  obtained for  
longitudinal wave deviat ion inc remen t s  in the p la sma ,  and for the threshold  values of the ex -  
t e rna l  shf field, at which the s y s t e m  begins to develop instabi l i ty .  It is shown that  the p r e s -  
ence of the ex te rna l  magnet ic  f ield produces  e i ther  a s tabi l iz ing or a destabi l iz ing effect  on 
the s y s t e m ,  dependent on the or ientat ion of the shf  field.  In pa r t i cu la r ,  when the d i rec t ion of 
the magnet ic  field B is perpendicu la r  to the e lec t r i c  field E and the Langmui r  e lec t ron  f r e -  
quency WLe = (47rneee2/me)U2 is less  than the cyclot ron e lec t ron  f requency ~e  = e e B / m e  c, 
the threshold  value of shf e lec t r i c  field in tens i ty  in (WLe/~e) ~ is lower than the c o r r e s p o n d -  
ing value fo r  an i so t ropic  p l a sma .  

In [1,2] it has  been shown that even a weak shf field at f requencies  w 0 ,~ WLe = (4vneee2/me)t/2 p r o -  
duces a p a r a m e t r i c  instabi l i ty  in a p l a s m a  with r e s p e c t  to deviation in potential  d i s tu rbances .  The p r e s -  
ence of an ex te rna l  magne t ic  field effects  a change in the basic  s ta te  of the p l a s m a  si tuated in the shf field, 
as well  as in the appea rance  of new s pec t r a .  T h e r e f o r e  it is na tura l  to expect  that  the magnet ic  field will 
have a significant  effect  upon the threshold  value of ex te rna l  shf field intensity,  beginning with which exc i t a -  
tion of the p l a s m a  occu r s .  In [3], in the study of p a r a m e t r i c  excitat ion of cyclot ron waves in a highly 
ionized p l a sma ,  a conclusion was reached  on the poss ib i l i ty  of both a s tabi l iz ing and a destabi l iz ing influ-  
ence of the ex te rna l  magnet ic  field on the sys t em,  dependent on i ts  or ientat ion and magni tude.  In the f i r s t  
pa r t  of this study, we will obtain the f requencies  and inc remen t s  of osci l lat ion excitat ion by an externa l  shf 
field for  a weakly  ionized homogeneous p l a sma .  In the second par t ,  the influence of an externa l  magnet ic  
field will be s tudied for  the pa r t i cu la r  case  of a shock p l a sma .  It ,will  be shown that  aside f rom the s t ab i l i z -  
ing effect  of the magnet ic  field,  in some  ins tances  a d e c r e a s e  in threshold  e lec t r i c  field intensi ty  for  ins t a -  
bi l i ty,  as c o m p a r e d  to the co r respond ing  value for  an i so t ropic  p l a sma ,  is poss ib le .  

1. We will examine  the s tabi l i ty  with r e s p e c t  to potential  d i s tu rbances  of a homogeneous weakly 
ionized p l a sma ,  s i tua ted  in a constant  homogeneous magnet ic  field B and an shf  e lec t r i c  field E (t). We will 
a s s u m e  the e l ec t r i c  field to be homogeneous over  the space  

E (t) ~- E sin 0~t 

and the e lec t ron  dis t r ibut ion function to be Maxwell ian.  

In the p r e s e n c e  of an intense ex te rna l  e l ec t r i c  field,  it is by no means  n e c e s s a r y  that the e lec t ron  d i s -  
t r ibut ion function be Maxwell ian.  However ,  if the sift e l ec t r i c  field f requency % is g r e a t e r  than the e l e c -  
t ron col l is inn f requency Ten, the distr ibution m a y  be r ega rded  as Maxwellian [4]. 

The d i spe r s ion  equation for  potential  osci l la t ions  of a homogeneous p l a s m a  in a weak sift field for  
f requenc ies  % >> w has  the f o r m  [5]: 

, i I , { I  I }  ( I . I )  
*- ~ § T (kr~)-]~ ~ + ~ = o 
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The following notation is used:  

o0~J ~176 sin 0 sin ~0 cos ]r = [e0~ _ ~ sin~ 0 sin 2 (~ + cos O cos %o + ~00~- ~J (1.2) 

rE = UE/030 , UE =eeE/rneo o, g(n) = i--~88~ a)-~ae! n ) 

where • 0 is the angle between the vec tors  B and E; 0 is the angle between k and B; r is the angle between 
the planes k and B, and E and B; 6Ca ~a) = (~ea r162 + r k) is the part ial  longitudinal die lectr ic  permeabil i ty ,  
the derivation and express ion for which may be found in [6]. 

Dispers ion equation (1.1) at external  field frequencies close to one of the electron hybrid frequencies 
r has two solutions.  The f i rs t  cor responds  to oscillations of the f i rs t  harmonic  of the nonequilibrium 
potential with hybrid frequencies 

03~ = (a03o)' - ~ /  (a~,+)2 + (.r+l~,~ (I  .3) 

T = To - -  ~- ~ ] (8o)• (~r+_) ~ 

and the second to oscil lat ions of the zeroth  harmonic  

03z = (0)§ ~ + 2 ( r~ I ' /  A~o [(A~Y + To'-- o~§ ~oo+' 
- \ r g e /  [ (50)0)  2 4-  %" - -  ~0• - -  4 (o_+~o)  ~ 

E ACOoToO)o o)+ (2.4) 

wherein the following notation is used: 

/co aSse'(o).) C~7 A~oo = o0 - 03, [t  + 88:,: (03,) ~ , ~ /  1 
8 0 ) / c . =  co - -  0 3 ~  

T o  = 2 2(o02 - -  c o ~  - -  ~ 2 o 0  ~ - -  co L - -  ~ 

V ' ~ -  " o ~ 2 ~  ~ ]'/' o~o)~ (o~ - -  fl~2) 

(coo ' I] 
where 5 e a T '  is the thermal  addition to the part ia l  d ie lectr ic  permeabi l i ty  tensor  

and fin a l ly  

(1.5) 

.6) 

I = 1/, I JJ~  (1.7) 

where 

= (002 - -  ~ e ~  / i  = 0)~ - -  f~i~ 

0)+ 2 = -~- (03~ + ~? )  i (03.~ + ~i~) 2 - -  4032~? 0)~ (~  + a #  - Oo2) 
- -  ~ . e ~ e  ~ 

(1 .s) 

with Van being the collision rate  of charged par t ic les  with neut ra ls .  
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Equations (1.5) and (1.6) descr ibe the excitation of hybrid electron oscillations and low frequency 
oscil lat ions with cold magnetized [(kj.VTi)2/2~2i 2 < 1] ions, and of hot p lasma electrons with the external  
shf field. If we set  f = ~ in Eqs.  (1.5) and (1.6), we obtainthe formula  which descr ibes  pa ramet r i c  excitation 
of a periodic instabil i ty in an isotropic p lasma [1,2]. The express ions  for excitation of a weakly ionized 
p lasma with nonmagnetized ions [(k• ~ > 1] by an shf field a re  obtained f rom Eqs. (1.5) and (I.6) 
if f i  = 1. 

2. We will examine the threshold values of external  shf field intensity, above which the sys tem be" 
comes  unstable.  At f i rs t ,  we will consider  the case  of smal l  high frequency increments  (70 < co). It is 
easy  to see that the lowest shf field values are  attained in the decay cases  Aco 0 = co +.  Assuming the inc re -  
ment  in Eqs .  (1.5) and (1.6) to be equal to zero ,  we obtain the threshold sift field intensity 

~+= ( ~ / s 2 ~+~o (2.1) 

We will l imit  our analysis  to the collision case,  when y• and ~0 a re  determined by the collision of 
charged  par t ic les  with neut ra l s .  We will rewri te  the threshold intensity for the collision case  in the more  
convenient form 

where 

~.+- -~ 4 K  l%,~ vi,J0),oJ~ (2.2) 

K = K~KifT -1 (2.3) 

o) ~ __ f i~ (2 .4)  

COLe 30)o ~ - -  20.)~Le - -  ~ e  ~ 

Ke = - e~ (00 ~ -- ~2 (2.5) 

For  the case  of a sufficiently grea t  h igh-frequency increment  0~0 > co), for the coll ision limit the 
threshold value at optimum frequency deviation ACO 0 = ~'0/r has the form 

2 

= ~ ~L~ (2.6) 

The quantity K herein  is determined by Eq. (2.3), in which Ki and f r ,  as before,  are  expressed  by 
means of Eqs.  (2A) and (1.2), respect ively .  The electronic portion of the coefficient K, in this case ,  has the 
fo rm 

K~ ~i.~ (3~o ~ -- 2 ~  :- ~2) 2 
= coo (r -- ~2) (2(o0~ -- ~ - -  ~2) (2.7) 

Equations (2.2)-(2.7) determine the threshold for a p lasma with magnetized ions. In the case  of un-  
magnetized ions one must  assume K i = 1 in Eqs.  (2.2)-(2.7). For  a p lasma without a magnetic field the co-  
efficient K = 1. Thus, the effect  of a magnetic  field on paramet r i c  instabili ty is expressed  through the co -  
efficient K, since by its dependence on the magnetic field intensity one may  evaluate the change in threshold 
value as compared  to the corresponding value for an isotropic p lasma.  

It is known that in a p lasma with magnetized cold ions and hot e lectrons there exist two branches  of 
weakly damped osci l lat ions [see Eq. (1.8)]. In the case  of a s t rongly nonisotropic plasma (cos > ~2 i) for  the 
spec t rum branch of frequency co+ = cos the threshold value of the shf field is determined by Eqs. (.2.2) and (2.6), 
with K i = 1. As can be shown, the threshold value for this branch is ~2icos-1) a t imes smal le r  than the c o r r e -  
sponding value for the other branch of this spec t rum 

~o ~ ( ~  + f12 - -  ~02) 

L e  e 

that is,  for  a drop in f requency (co+ > co)  the threshold inc reases .  

We will examine the converse  case (co s < ~2 i) of longwave osci l lat ions.  The coefficients K i of the r e -  
spective oseiUation branches  take on the form 
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~ i  Le s 

K, ((%) = ~ s (coo~__ (OLe) 

K~ (o~_) = 'r (o~ + ad - ~OoD J 

(2.8) 

(2.9) 

Thus,  as follows f r o m  Eqs .  (2.2), and (2.3), the threshold  in tens i t ies  of the r e spec t ive  spec t r a  a r e  dis t in-  
guished by the values  of file coeff ic ients  in Eqs .  (2.8)and {2.9). I n p a r t i c u l a r ,  whenthe ex te rna l  f ield f requency 
approaches  e i ther  the m a x i m u m  (%2 ~ COLe 2 +~2e2 ) or  min imum (w02 << r 2, ~2e2) hybr id  f requency,  the 
th resho ld  for  the upper  s p e c t r u m  branch  approaches  a m in imum [Eq. (1.8)]. Analogously,  for  ex te rna l  field 
f requencies  in the region of e i ther  ~002 ~ OJLe 2 or  r ~ ~e  2, the th resho ld  for the upper  s p e c t r u m  b ranch  
[Eq. (1.8)] r i s e s  sha rp ly  in compar i son  to the lower .  

We will examine  two l imit ing c a s e s ,  wherein e i ther  the f i r s t  t e r m  in square  pa ren theses  in Eq.  (1.2) 
can be neglected ( t r ansve r se  or ientat ion) ,  or the f i r s t  t e r m  is the l a r g e s t  (longitudinal or ientat ion) .  The 
e lec t ronic  port ion of the coeff icient  K for  the cases  indicated,  for example  in decay instabil i ty,  can be w r i t -  
ten as 

~ e  3~176 - -  2 ~  - -  ~B ~ {[sin s ~ + r -s cos ~ ~] sin s %0}71 (2.10) K Jr  ----- a~3 COo ~ __ o~,e 

Kd, L e e  . C0S_sX ~ 
,.o coos - ~ L ~o ~ (~L-~ ~-7. o~o~) J (2.11) 

F r o m  the equation for  the ca se  of t r a n s v e r s e  or ientat ion,  Eq.  (2.10), it follows that  at ex te rna l  field 
f requenc ies  c lose  to e i ther  the m a x i m u m  (%2 ~ w~ e + ~2e 2) or  min imum (0% 2 << w~e, ~2e2) e lec t ron  hybrid 
f requencies ,  for  a s y s t e m  with ~OLe < ~2 e, the th resho ld  field is reduced by a factor  of (WLe,~2 el) 3 in c o m -  
par i son  with the cor responding  value for  an isot ropic  p l a s m a .  We note also,  that for the f requency r anges  
~002 ~ W~e + ~2e2 and ~002<< oJ}~e,~2 e 2, in the case  of longitudinal or ientat ion [Eq. (2.11)], the coeff ic ient  K >> 1, 
i .e . ,  the magnet ic  f ield produces  a s t rong stabi l izing effect  on the sy s t em.  The s tabi l iz ing ef fec t  of the m a g -  
net ic  f ield can also be obtained because  of the cor responding  or ienta t ion of the ex te rna l  shf  f ield.  F o r  
example ,  in the case  of longitudinal or ientat ion for  % ~ ~2 e, as follows f rom Eq.  (2.11), the effect  is p r o -  
duced due to i nc r ea s e  in cos-2• o. The th resho ld  for  nondecay ins tabi l i ty  p o s s e s s e s  s i m i l a r  p r o p e r t i e s .  

In conclusion,  the author thanks A. A. Rukhadze for his in te res t  in the study. 
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