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The equilibrium and stability of a power discharge in a dense optically 
transparent plasma is examined. It is shown that, contrary to the case 
of an optically nontransparent plasma, the temperature of a transparent 
discharge varies along the same characteristic scales as the other hydro- 
dynamic quantities. Analysis of small oscillation spectra showed that 
such a discharge is unstable even within the framework of the geomet- 
rical optics approximation. The major portion of this paper is devoted 
to a study of the stability of a discharge with allowance only for brems- 
strahlung; however, the conditions for the onset of instability are de- 
rived also for other types of radiation. Under the conditions studied, 
the general cause for the development of instabilities in a discharge 
in a transparent plasma is superheating that results from the inability 
of the weak emitted heat flux to compensate for the Joule heating of 
the plasma. 
The utilization of optically nontransparent power discharges in dense 
plasmas as light sources for pumping lasers was discussed in [1]. In 
particular, the study made it possible to determine the discharge pa- 
rameters for which a discharge stability sufficiently long for this purpose 
can be obtained for a required radiation intensity from the surface. In 
the present paper a theory is developed for an optically transparent 
plasma, in the case in which most of the radiation is transported by 
quanta with a mean free path exceeding the characteristic dimensions 
of the system. 
The study of the equilibrium and stability of a transparent discharge is 
not solely of interest as such, It contributes to a better understanding of 
processes occurring at the boundary of a nontransparent discharge. 
Owing to the drop in particle density near the boundary of the nontrans- 
parent discharge, a transparent plasma layer is created for which the 
radiant (heat) transport approximation employed in [1] is no longer valid. 
The structure and stability of such a boundary can be analyzed on the 
basis of the results of this paper. 

1. F o r m u l a t i o n  of the p r o b l e m  and the bas i c  equa-  
t ions .  L e t  u s  a s s u m e  t h a t  the  r a d i a t i o n  f lux  f r o m  the  
d i s c h a r g e  i s  s u f f i c i e n t l y  l a r g e  to  i n f l u e n c e  the  l a t t e r  b o t h  
i n  t he  s t a t e  of e q u i l i b r i u m  and  in  t he  p r e s e n c e  of o s c i l l a -  
t i o n s .  T h e  c o r r e s p o n d i n g  c o n d i t i o n s  a r e  g i v e n  b e l o w .  

T h e  c o m p l e t e  s y s t e m  of  m a g n e t o h y d r o d y n a m i c  e q u a -  
t i o n s  f o r  a p l a s m a  w i t h  a l l o w a n c e  f o r  r a d i a t i o n  i s  w r i t -  
t e n  in  t he  f o r m  [2, 3] 

d i v B = 0 ,  r o t B = - ~ - j  = 7 -  E + - - 2 - [ v B  ] , 

- - c r o t E  = - ~  = r o t [ v B ] - -  ro t  r o t B  , 

O _-g/- + (vV) v = - -  Vp + ~lAv + 

+ @ + ---~-)V (Vv)+ ~-~- [ rot  BB] ,  

pT -5i" + ( v V ) s  = T  +a i~  ~ + d i v x V T - - d i v S ,  
op at t -d ivpv- - - -0 ,  p=-p(p,T), s=s(p,T) .  (1.1) 

H e r e ,  ~ a n d  ~ a r e  v i s c o s i t y  c o e f f i c i e n t s ,  (r ' i j  i s  t he  

v i s c o u s - s t r e s s  t e n s o r ,  X i s  the  t h e r m a l  c o n d u c t i v i t y  

c o e f f i c i e n t ,  a n d  S i s  the  r a d i a t i o n  f lux  v e c t o r .  

A t  a t e m p e r a t u r e  T N 3 to 10 eV,  the  p l a s m a  c a n  

b e  c o n s i d e r e d  a s  a f u l l y  i o n i z e d  i d e a l  g a s ,  and  we u s e  

the  f o l l o w i n g  e x p r e s s i o n  f o r  the  p r e s s u r e  p a n d  e n t r o p y  

p e r  u n i t  m a s s  s :  

p = (1 + z) NuT (t -1- z) ~T 
M P ' 

s = - - ~ l + z  l np  + (t+Z)CVM l n •  const .  (1 .2)  

H e r e ,  M i s  t he  ion  m a s s ,  a n d  z the  e f f e c t i v e  i on  

c h a r g e .  U n d e r  t h e s e  c o n d i t i o n s ,  the  p l a s m a  c o n d u c t i v -  
i t y  i s  a = o~Z-1T 3/~, w h e r e  o, = 4 � 9  107. 

T h e  s y s t e m  of  e q u a t i o n s  (1.1) w a s  w r i t t e n  w i t h o u t  

c o n s i d e r i n g  t he  r a d i a t i o n  e n e r g y  ( a s  c o m p a r e d  to the  
t h e r m a l - p a r t i c l e  e n e r g y ) .  T h i s  i s  j u s t i f i e d  i f  

6 ~~ <p~-~NzT, (1.3) 
c 

w h e r e  6 i s  a s m a l l  q u a n t i t y  c o m p a r a b l e  in  o r d e r  to  the  

r a t i o  of the  c h a r a c t e r i s t i c  d i m e n s i o n  of  the  p l a s m a  
c h a r g e  to t h e  q u a n t u m  m e a n  f r e e  p a t h ,  and  (~0 = 5.67 " 
�9 10 -5 e r g .  c m  -2 .  d e g r e e  -4-  s e c  -1 i s  t he  S t e f a n - B o l t z -  

m a n  c o n s t a n t .  F u r t h e r m o r e ,  i n  t he  f o l l o w i n g ,  t he  

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

l a t e d  s m a l l  in  c o m p a r i s o n  to the  e n e r g y  t r a n s f e r  by  
r a d i a t i o n ,  i . e . ,  

divxAT . ~  div S .  (1.4) 

In the  f o l l o w i n g ,  t h e s e  i n e q u a l i t i e s  w i l l  be  a n a l y z e d  
f o r  the  e q u i l i b r i u m  o b t a i n e d .  At  t h i s  p o i n t ,  we m e r e l y  

no t e  t h a t  t h e y  a r e  e a s y  to fu l f i l l ,  a n d  t h a t  f o r  t e m p e r a -  
t u r e s  T > 104 ~ K, w h i c h  a r e  of  i n t e r e s t  w h e n  we 
u s e  c o n d i t i o n  (1.4) ,  i n e q u a l i t y  (1.3)  i s  a u t o m a t i c a l l y  

s a t i s f i e d  a t  t he  s a m e  t i m e .  F i n a l l y ,  in  t he  a n a l y s i s  of 

s y s t e m  (1.1) ,  a t l  e f f e c t s  a s s o c i a t e d  w i t h  the  v i s c o u s  

t e r m s  a r e  n e g l e c t e d .  F o r  the  e q u i l i b r i u m  wi th  v 0 = 0, 
e x a m i n e d  b e l o w ,  t h i s  l e a d s  to a s i n g l e  r e q u i r e m e n t ,  

n a m e l y  t h a t  t he  o s c i l l a t i o n  f r e q u e n c i e s  m u s t  s a t i s f y  the  

i n e q u a l i t i e s  

~>~ ~k, ~k_Z (1.5)  p * p �9 
F o r  a n  o p t i c a l l y  t r a n s p a r e n t  p l a s m a ,  we d e r i v e  now 

a n  e x p r e s s i o n  f o r  t he  e n e r g y  l o s s  by  r a d i a t i o n  p e r  u n i t  

v o l u m e ,  qs .  C o n s i d e r i n g  the  f a c t  t h a t  f o r  the  o v e r -  
w h e l m i n g  m a j o r i t y  of  d i r e c t i o n s  of  q u a n t u m  p r o p a g a -  

t i o n  in  a t r a n s p a r e n t  m e d i u m ,  t he  r a d i a t i o n  i n t e n s i t y  i s  

m u c h  s m a l l e r  t h a n  t he  e q u i l i b r i u m  i n t e n s i t y ,  we ge t  

co 

o o 

2hv ' [ h'v [1 - -  - -  h'v -t, (1.6) 
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Here,  Ivp is the equ i l ib r ium radia t ion intensity,  and 
~tv' is the absorpt ion  coeff icient  with al lowance for  
" r e - e m i s s i o n . "  

The approximat ion  made in (1.6) means  that in the 
expansion of qs in powers  of 6 ~ r0//l, only the z e r o -  
o r d e r  t e r m  is re ta ined.  By evaluat ing integral  (1.6) for  
the case  of e l ec t ron  b r e m s s t r a h l u n g  in an ion field, 
when 

x~ = 4.t . t0_,s z3 N~ T_,/, (~_hv) 3, 

we get  

qs = 7"0 ]/--T N 2 Z  3 (~o= 1,4.10-~,). (1.7) 

In the genera l  case  [2], it is convenient to wri te  qs 
in t e r m s  of the quantum mean  f ree  path in the medium 

OO co  

qs= 6. ' 11 ( p ' T ) =  I~pdv  x ~ I ~  v d v  . (1.8) 
0 0 

2. Equi l ibr ium state  of the charge .  Before  analyzing 
the s tabi l i ty  of the d i scharge ,  let us  examine the equi -  
l ibr ium problem.  The ene rgy  balance in the d i scharge  
is ensured  by Joule heating, on the one hand, and by 
volume radiat ion,  on the other  hand. F r o m  sys t em 
(1.1) it can be read i ly  seen that in the s teady equi l ib-  
r i u m  state the field E 0 is un i form a c r o s s  the p l a sma  
(for v 0 = 0). The p r e s s u r e ,  density,  p lasma  t e m p e r a -  
ture,  cur ren t ,  and the magnet ic  field a re  functions of 
the coordinates .  The spatial  dis t r ibut ion of these quan-  
t i t ies  is defined by the equations* (the subsc r ip t  ze ro  
r e f e r s  to equi l ibr ium values)  

4~. 4~ 4~ 
rot Bo = -7-Jo ---- T-  ~oEo o z T~176 ' 

Vpo = t [rot BoBo], Po ~- (i -]-MZ)"---~z poTo, 

aoEo ~'= % ]/-T-oNo'~Z 3, Oo = a z - ' r o  */' �9 (2.1) 

F r o m  the equation of state and the energy  balance 
equation, it follows that 

(aEo~x s (1 -[- z)~ "~'h ,71% _ _  

Po = \ Toz4 ) -o = ~~176 (2.2) 

This r e su l t  is independent of the d i scharge  g e o m -  
e t ry .  As in [1], the following ana lys i s  is pe r fo rmed  
for  two types of d i scha rge :  a plane ( su r face )d i scha rge ,  
and a s imple  cy l indr ica l  d i scharge  (z-pinch).  Let  us 
examine the plane d i scharge  f i rs t .  El iminat ing B o and 
T O f r o m  the equi l ibr ium equat ions (2.1), we get  an 
equation for  P0, 

Opo 4_ alpo ]/ po (0) - -  Po = 0 (~1= 4~tEo~. 
o - ' ~ -  ] / ' ~ o  cz / ( 2 . 3 )  

Here,  P0(0) is the p r e s s u r e  at  the d i scharge  axis.  
F r o m  Eqs. (2.3), (2.2), and (2.1), we get  the equi l ib-  
r i um values  of  P0, To, and B 0 for  the two-dimensional  
ease ,  

p o = p o ( O ) . t  )~ To To n ( po '~'/~ 
t + ' =: ( - ) ~ - - g ~ /  ' 

t--e-~x ( a' V'p-~-~ - ) (2.4) 

where  T is the c h a r a c t e r i s t i c  d imension  of a plane 
t r anspa ren t  d i scharge .  

It is now easy  to de te rmine  the radia t ion ene rgy  
loss  by a substance s i tua ted in  a plane d i scharge ,  as  r e -  
f e r r e d  to the unit a r e a  of the d ischarge ,  Q: 

(2.5) Q = qs d z  = (14~~176 s +  z ) Z s ~  TOY,(0) _ cEoB02~ (r162 ) 

- - r  

Although in the region [xl >> 1/% the re la t ions  ob-  
tained do not hold because  of the abrupt  t empera tu re  
drop and the fo rmat ion  of neutra l  par t ic les ,  i n t e g r a -  
tion in fo rmula  (2.5) is extended to infinity, since the 
p lasma  densi ty in this por t ion of the d i scharge  also 
drops  abrupt ly  and the number  of neutra l  pa r t i c l e s  is 
negligible in compar i son  to the total  number  of charged  
pa r t i c l e s  in the d ischarge .  Finally,  for  the cur ren t ,  
we have 

Let us now examine the equi l ibr ium state in the c y -  
l indrical  ease.  By e l iminat ing 1~ and T o f r o m  sys t em 
(2.1) and int roducing the var iab le  y = - 1  + oqB0r/4~rfl 0, 
we get  the equation 

i �9 
( r y ' - - y  q - - - - ~ y ' )  ~ 0 .  (2.7) 

Solving this equation with the bounda ry  condition y = 
= - 1  and r = 0 for  hydrodynamic  equi l ibr ium values,  
we get  the following express ion  

po (0) To = To (0~ ( po ~'/; 
PO = (t q- r2/ro~)a ' " " \Po (0) ] 

Bo = ~ ( 0 )  ,#o 
t n L rZ/ro s ' (2.8) 

where  r 0 = 43/-1 is the cha rac t e r i s t i c  d imension of a 
t r anspa ren t  cy l indr ica l  d ischarge .  The ene rgy  r e m o v e d  
by radia t ion f rom a d i scharge  of unit length is 

QO 

t6Td30~z a 
Q = 1 2 a r q s ( r ) d r  - -  (1 +z)2• To'/ '(O) �9 (2.9) 

0 

The total cur ren t  in the cylindrical  case is 

io = 2c2x (t -{- z) t + z  
]/~0z z 0.3. 106a. (2.10) 

It can be seen that for  a t r anspa ren t  cy l indr ica l  d i s -  
charge  with b remss t rah lung ,  fo r  a given ionizat ion 
level, the total cu r r en t  is a dc cu r r en t  that is indepen-  
dent of N0,T0, and E 0. A s imi l a r  r e su l t  has been ob-  
tained in [4] for  a d i scharge  in a h igh - t empera tu r e  
the rmonuc lea r  p lasma.  

On the bas is  of the equi l ibr ium solutions obtained, 
it is  easy  to evaluate the p l a sma  p a r a m e t e r s  fo r  which 
the inequali t ies  (1.3), (1.4) as  well as  the t r an s p a re n c y  
condition 11 >> 1/T a re  fulfilled. It is found tha t the  e l ec -  
t ron  the rma l  conductivity at  the d i scharge  is so 

*The effective ion charge  z is a function of the t e m -  
pera ture .  In the t empera tu re  range examined,  when no 
neutra l  pa r t i c l e s  a re  contained in the p lasma,  this r e -  
lat ionship is weak (z ~ Tfl, where fl ( 0.5; with r e s p e c t  
to magnitude, z .~ 2). This re la t ionship  will be ne -  
glected in the following. 
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s m a l l  that  i t  can be sa fe ly  neg lec t ed  e v e r y w h e r e .  The 
c o r r e s p o n d i n g  condi t ion has  the fo rm 

To '/' (0) ~ 10~~ (2. i i)  

while the transparency condition for the discharge can 
be written as 

To/. (0) ~,  5. tOl~ . (2.12) 

Finally, inequality (1.3) is fulfilled (assuming 5 ~ 1), 
if 

To '/' ~ 10~6Eo �9 (2.13) 

As  p r e v i o u s l y  noted,  a t  t e m p e r a t u r e s  T o > 1 0  ~ K, 
i nequa l i t y  (2.11) i s  of a h ighe r  power  than (2.13). On 
the o the r  hand,  i n a s m u c h  as  only such t e m p e r a t u r e s  
a r e  of i n t e r e s t ,  only i nequa l i t i e s  (2.11) and (2.10) need 
be s a t i s f i ed .  F o r  E 0 ~ 0.1 ~ 1 CGSE they can be r e a d i l y  
s a t i s f i e d  in the r ange  2 �9 10 4 < To < 5 . 1 0  ~~ K. 

It i s  no tewor thy  that,  w h e r e a s  inequa l i ty  (1.4), in 
v i r t u e  of i t  be ing  fu l f i l led  at  the d i s c h a r g e  ax is ,  i s  fu l -  
f i l l e d  e v e r y w h e r e ,  the inequa l i ty  5 < 1 (and, c o n s e -  
quent ly,  a l so  (1.3)) no longer  holds  fo r  Ix[ > 1/% This  
i s  a s s o c i a t e d  with an ab rup t  d rop  in d i s c h a r g e  t e m p e r -  
a t u r e  a t  these  d i s t a n c e s ,  owing to which the a s s u m p -  
t ion that  the dense  p l a s m a  i s  ful ly  ion ized  i s  no longe r  
j u s t i f i ed .  

3. S tab i l i ty  of the d l s o h a r g e .  We examine  now the 
s t ab i l i t y  of the d i s c h a r g e  with r e s p e c t  to the s m a l l  
p e r t u r b a t i o n s  

P "-*po -Fp1, 

P "+Po +Px ,  

T -+ To + Tt, 

B -+Bo + Ba, v .  

The p e r t u r b a t i o n s  a r e  a s s u m e d  to depend on t ime  
and on the c o o r d i n a t e s  as  fo l lows:  

Ix = / 1  (x) exp (- -  io)t + ik~y + ik~z), 

[1 = f~ (r) exp (- -  io~/ + im~ + ik~z), 

for  a p lane  and a c y l i n d r i c a l  d i s c h a r g e ,  r e s p e c t i v e l y .  
A l i n e a r i z e d  s y s t e m  of equa t ions ,  ana logous  to (1.1), 
was  ob ta ined  in [1] and, hence ,  we do not r e p e a t  i t  
h e r e .  It i s  enough to keep in mind  that  for  a t r a n s p a r -  
en t  p l a s m a ,  the d i v e r g e n c e  of the p e r t u r b e d  r a d i a t i o n -  
flux vec to r ,  when b r e m s s t r a h l u n g  alone i s  taken into 
account ,  i s  equal  to 

In the g e n e r a l  ca se ,  we have 

Oq~~ - ~ Tt  (3.2) 
q~t = 0-~o ~ + 

As d i s t i n c t  f r o m  an op t i ca l l y  dense  d i s c h a r g e ,  i n -  
s t ab i l i t y  of a t r a n s p a r e n t  d i s c h a r g e  o c c u r s ,  a s  wi l l  be 
shown below, even in the g e o m e t r i c a l  op t i c s  a p p r o x i -  
mat ion;  in th is  ca se ,  the d i s p e r s i o n  equa t ions  for  p lane 
and c y l i n d r i c a l  d i s c h a r g e s  d i f fe r  only by the t r i v i a l  
r e p l a c e m e n t  k y - -  m / r  and, t h e r e f o r e ,  the a n a l y s i s  i s  
l i m i t e d  to the plane d i s c h a r g e .  Let  us examine  f i r s t  
the s i m p l e  case  in which ky = k z = 0 and r a d i a t i o n  i s  
pu re  b r e m s s t r a h l u n g .  In th is  c a s e ,  the s y s t e m  of l i n -  
e a r i z e d  equa t ions  r e d u c e s  to two equa t ions  for  the 
quan t i t i e s  pt and v = pt + (BaBl/@r) , 

5 v,~ a2v + 
+ P ~  + .~ ~ ~ 

5 8v I 0%0 ~ i Ov Bo OBo 
+ 2 Ox o 2 -~x -~ e ~" Ox 4~po Oz -4:- 

ic~ 0 ]nBo  r o + 4~o~ o~ [ ~  (p~ - -  v) - -  (pl - -  v) 0 I.  B0 ] 

p t  i c  2 ( OBo ~'Z_ 
po 8a%o)\0= J - 0 ,  

V A2 02V OV Bo 0 Bo + 3ic 2 
v - - p 1  + o)2 a.v2 + ax 4~o 2 Oz po ~ X 

V$02 02/) ~176 (, •  

o a 5 o2, 
2 ax L\-'~'- / . ~ - P t +  2 r Oz + 

5 Ov I 8Vso ~ VA2 01nBo Ov 
d 2 ax ~2 ~ + W r .  a= ~; + 

Po 8~6,} o) = 0 ,  

V ( I  + z) • Bo (3.3) v~0= ~ ,  v a - -  l f ~  ~ 

Here ,  Vs0 i s  the speed  of i s o t h e r m i c  sound in the 
p l a s m a ,  and v A the Alfvdn ve loc i ty .  We ana lyze  s y s -  
t em (3.3) in the g e o m e t r i c a l  op t i c s  a p p r o x i m a t i o n ,  i . e . ,  
f o r  o s c i l l a t i o n s  at  a wavelenght  s m a l l e r  than the c h a r -  
a c t e r i s t i c  d i m e n s i o n  of the p l a s m a  d i scon t inu i ty  

x-T- (3.4) 

Here  X x ~ kx -1 i s  the wavelength  of the o s c i l l a t i o n s  
in the d i r e c t i o n  of a d i scont inu i ty .  Sys t em (3.3) l e a d s  
to the fol lowing e ikona l  equat ion [5]: 

( i~c2k24.~6 ~ ]r ) - -  0) 2 \0) 2 + 

_ k ~ v ~  (0)~ + i~c2k2~_4~o / . ~ c~kVo2 t(02 __ 3k~v,2~,__ 0. (3.5) 

This  equat ion can be r e a d i l y  so lved  with r e s p e c t  to 
win  the t w o l i m i t i n g c a s e s  w >> kv s and w << kvs,  where  
i t  r e d u c e s  to q u a d r a t i c  equa t ions .  The solut ion,  then, 
can be w r i t t e n  f r o m  a unif ied  point  of v iew 

ic2k2 l (  c4k" 2c2k2t2 ) '/', (3.6) 
(01,2 8~0t~ ~--~ ~ - -  16~02 an~o2Po 

where  

{ l-FVA2/%~ { i o~>kvs .z 5 2 

It i s  no tewor thy  that  in v i r tue  of 
the a pp l i c a b i l i t y  of the g e o m e t r i c a l  
t ion (3.4), the f i r s t  t e r m  under  the 
p r e s s i o n  (3.6) i s  k/T t i m e s  g r e a t e r  
t e r m .  T h e r e f o r e ,  the l a r g e  r o o t  in 

�9 c2k 2 

c o r r e s p o n d s  to the d a m p e d  o s c i l l a t i o n s ,  and d e s c r i b e s  
t he  p e n e t r a t i o n  of the magne t i c  f i e ld  into the p l a s m a .  
It i s  th is  r oo t  that  d e t e r m i n e s  the t r a n s i e n t  p e r i o d  of 
the e q u i l i b r i u m  s t a t e  in the d i s c h a r g e  (the t ime  r e -  
qu i r ed  fo r  the e l e c t r i c  f i e ld  of the d i s c h a r g e  to e q u a l -  
ize  a c r o s s  the p l a s m a )  T ~ 1 / ~ .  The s m a l l  root ,  on 

the condi t ion for  
op t i c s  a p p r o x i m a -  
r a d i c a l  s ign in e x -  
than the second  
(3.6), 
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the other hand, corresponds to aperiodic unsteady o s -  
ci l lat ions with a damping cons tant  

[ m ~ x  ~ 2io 2 t~ 
*0po -~--" (3 .7)  

T h e  f o r m  o f  t h e  d a m p i n g  c o n s t a n t  c l e a r l y  i n d i c a t e s  

t h a t  i n s t a b i l i t y  i s  a s s o c i a t e d  w i t h  a f i n i t e  c o n d u c t i v i t y  

o f  t h e  p l a s m a  a n d  i s  c a u s e d  b y  o h m i c  h e a t i n g .  I n s t a b i l -  

i t y  i s  d u e  to s u p e r h e a t i n g ,  a n d  i s  a t t r i b u t a b l e  to  t h e  

f a c t  t h a t  i n  a n  o p t i c a l l y  t r a n s p a r e n t  p l a s m a ,  t h e  r a d i a -  

t i o n  e m i t t e d  f r o m  t h e  p l a s m a  i s  n o t  c a p a b l e  o f  c o m -  

p e n s a t i n g  f o r  t h e  i n c r e a s i n g  t e m p e r a t u r e  f l u c t u a t i o n s  

c a u s e d  b y  J o u l e  h e a t i n g .  

T h e  h i g h - f r e q u e n c y  i n s t a b i l i t y  i n  t h e  r e g i o n  co > kv  s 

i s  n o t  a s s o c i a t e d  w i t h  t h e  h y d r o d y n a m i c  m o t i o n  o f  t h e  

p l a s m a ,  a n d  i s  c a u s e d  s o l e l y  b y  a n  i n c r e a s e  in  p l a s m a  

t e m p e r a t u r e .  S u c h  a n  i n s t a b i l i t y  c a n  o c c u r  o n l y  in  a 

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

p e r a t u r e ,  w h e r e  y c  2 > 4zr%v s .  W i t h  i n c r e a s i n g  p l a s m a  

t e m p e r a t u r e ,  t h i s  i n e q u a l i t y  no  l o n g e r  h o l d s ,  a n d  t h e  

o s c i l l a t i o n s  w i l l  s t a b i l i z e ;  t h e  i n s t a b i l i t y  l i q u i d a t e s  i t -  

s e l f .  A h i g h - f r e q u e n c y  i n s t a b i l i t y ,  i n d u c e d  by  s u p e r -  

h e a t i n g ,  i s  t h e r e f o r e  n o t  d a n g e r o u s .  A l o w - f r e q u e n c y  

i n s t a b i l i t y  i n  t h e  r a n g e  co < kv s i s  m o r e  d a n g e r o u s ,  s i n c e  

i t s  d e v e l o p m e n t  i s  a c c o m p a n i e d  by  h y d r o d y n a m i c  m o -  

t i o n  of  t h e  p l a s m a .  F u r t h e r m o r e ,  s u c h  a n  i n s t a b i l i t y  

c a n  o c c u r  b o t h  in  a p o o r l y  c o n d u c t i n g  l o w - t e m p e r a t u r e  

p l a s m a  a n d  i n  a h i g h l y  c o n d u c t i n g  h i g h - t e m p e r a t u r e  
p l a s m a *  

The danger of a low-frequency instability is enhanced by the cir- 
cumstance that it can occur also at k z ~ 0. Indeed, for k z ~ 0, the 
dispersion equation of the oscillations in the geometrical optics ap- 
proximation takes the form 

~ i o ~ k  ~ - -  - -  ~ ia~k~ 

In the range of low frequencies w < kvs the instability under study 
is conserved, although the increment of its development decreases by 
a value of t~x/k 2. However, in the range w > kvs, at k z ~ O, the os- 
cillatiom stabilize, provided 2k~ > k~. 

In view of the complexity of the system (1.1), a stability analysis 
for the case ky r 0 was not performed. The authors are of the opinion, 
however, that allowance for other than zero values of ky should not 
lead to a stabilization of low-frequency oscillatiom with w > kv s, as 
is the case for an instability induced by superheating in a high-temper- 
ature plasma [6]. 

Let us now examine briefly the case of a radiation of general type 
in a transparent body, where expression (3.2) holds for qst. The dis- 
persion equation for oscillations with ky = k z = 0, in the geometrical 
optics approximation, has the form 

,oo,k, (2 ~ - r 0  ~176 
+ 6 ~ p o  \ 2 ~o aTe] 

c'k" ( 3 [o ~ + . Oqso __ To Oqs~ -~- O. 
6n~opo \ ' ~  ~ Vo ap---o aTe] 

(3.9) 

From this equation, together with the known relationship qs0(P0,T0), 
it is possible to determine the instability boundary and the increment 
of instability development. It can be seen that radiation, generally 
speaking, can have both a stabilizing and a destabilizing effect on a 
plasma instability produced by superheating. Thus, in the high fre- 
quency range w > kvs, where the plasma density may be considered 

constant throughout the oscillation process, radiation has a stabilizing 
effect, under the condition that 

If, in addition, the inequality 

To (Oqs~ > 3 

is fulfilled, radiation will fully stabilize this type of plasma instability. 
In the opposite range, the plasma pressure remains constant during 

the oscillation process. Here, radiation has a stabilizing effect if 

To (Oqs~ = T o  O q s ~  0qs~  

The instability induced by superheating is fully stabilized under the 
following condition: 

T Idq'~ 3 

It should be noted that Eq. (3.9) is particularly useful in the anal- 
ysis of oscillations in a discharge at distances of Ix[ > 1 / I  from the 
discharge axis, since, in this range, there appears a marked line spec- 
trum which is caused by the formation of neutral atoms in the plasma 
radiation, and the condition of considering bremsstrahlung alone no 
longer holds. 

4. Discmsion of the results, and conclusions. When summing up 
the analysis of the equilibrium and stability of a power discharge in an 
optically transparent plasma, the instability of the discharge deserves 
to be mentioned first. As has been shown, the cause for this instability 
is the smallness of the energy flux removed by radiation as compared 
to ohmic heating. As distinct from an optically dense plasma, the 
temperature fluctuations in a transparent plasma cannot be fully dis- 
sipated by radiation, as a result of which they buildup at an increment 
of Imw ~ 1~/o0p0. By making use of the equilibrium obtained, the 
increment can be written in the form Imw .~ 4.10SE0. From here it 
follows that for E 0 ~ 0.1-1 CGSE, instability develops during the time 
*" ~ 10 -s sec. This t ime is comparable with the hydrodynamic time 
r0/v s, and is smaller than the time normally required for sustaining a 
discharge when using it as a light source for pumping lasers. Therefore, 
it is inadvisable to use a completely transparent discharge as a light 
source. 

In the case of a discharge in an optically dense plasma, the insta- 
bility under consideration can develop also, but only in a narrow trans- 
parent layer about the nontransparent plasma which is responsible for 
the principal portion of the radiation. By adding the time required for 
instability to develop to the t ime required for the disturbances to travel 
from the transparent to the nontransparent layer, one arrives at the 
conclusion that development of instability at the periphery of the dis- 
charge when rp >> r 0 is unlikely to have any greater influence on the 
central nontransparent portion of the discharge. 

The problem of the state which the plasma assumes as a result of 
the development of instabilities produced by superheating is of essential 
interest. A strict answer cannot be obtained in linear approximation, 
so that analysis of the nonlinear problem becomes necessary. In spite 
of that, simply judging from the maximum increment of instability 
development, it appears that instability should manifest itself by the 
formation of filaments or layers, characterized by a higher or a lower 
plasma conductivity, which extend in the direction of the total current 
in the discharge. 

In conclusion, it should be noted that instability of a completely 
transparent discharge makes it less promising for laser pumping purposes. 
On the other hand, a totally nontransparent discharge (blackbody) may 
prove to be unprofitable in terms of energy, due to the substantial 
radiation energy losses in the far ultraviolet at photon energies of hv _> 
> 3xT. Of particular interest in this connection is the intermediate- 

* T h e  i n s t a b i l i t y  e x a m i n e d  i s  a n a l o g o u s  in  n a t u r e  to  

a n  i n s t a b i l i t y  i n d u c e d  by  s u p e r h e a t i n g  in  a h i g h - t e m -  

p e r a t u r e  p l a s m a  in  a s t r o n g  l o n g i t u d i n a l  m a g n e t i c  f i e l d  

w h i c h  f r e e z e s  t h e  t h e r m a l  c o n d u c t i v i t y  o f  t h e  . p l a s m a  

a c r o s s  t h e  f i e l d  [6]. 
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type "semitransparent" discharge, where, in principle, it is possible to 
favorably combine stability with an adequately high efficiency. 
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