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The energy fluctuation per  unit volume is calculated for an optically dense plasma dis-  
charge when the mean free path of quanta l is less than the charac te r i s t i c  dimensions of 
the sys tem,  and the wavelength of oscil lat ions in the direction of inhomogeneity is kx < 
1. It is shown that the energy  fluctuation is completely determined by the temperature  
fluctuation~ 

The dispersion relat ion describing the p lasma oscillations is s imi lar  in s t ructure  to the c o r r e s -  
ponding equation in an optically t ransparent  discharge [1] and contains the overheat  instability. 

The problem of the equil ibrium and stability of a heavy current  discharge in a comparat ively  low- 
temperature  dense p lasma,  when the Rosseland mean free path of light in the medium l is less  than the 
charac te r i s t i c  dimension of the sys t em,was  t rea ted  in [2, 3]. In this case ,  it turned out to be possible to 
use the approximation of radiative thermal  conductivity [4] to describe such a discharge in its steady 
state.  

The condition Xmin > l (Xmin is the minimum wavelength charac ter iz ing  the oscillations) was a 
neces sa ry  requi rement  for using this approximation in describing oscil lat ions of the plasma discharge.  
When these conditions are fulfilled, the discharge can be regarded  as optically dense both for the equili-  
br ium state as well as for osci l lat ions.  It was shown in papers  [2, 3] that power instabili t ies develop in 
such a discharge,  assoc ia ted  with the impossibi l i ty  of compensating magnetic p ressu re  by kinetic p lasma 
p res su re  in the osci l lat ions.  For  a simple cyl indrical  discharge,  the increments  of these instabilities are 
v e r y l a r g e , 7  ~ V s / a  ~ 105 sec -1 (where a is the charac te r i s t i c  dimension of the discharge and Vs is the 
velocity of sound). However, creat ion of a discharge with an inverse axial cur ren t  enables the increments  
due to the geometr ica l  factor  to be reduced substantially.  Moreover ,  the finite conductivity of the p lasma 
leads to stabilization of the high construct ive modes.  

In this connection, it is of interest  to investigate whether an overheat  instability could develop in an 
optically dense discharge,  since it could play a fundamental par t  in these conditions. Such an instability 
was found in a t ransparen t  p lasma discharge [1], and its increment  attained magnitudes 3/ ~ 106 sec -1. The 
reason for the development of an overheat  instability is the smal lness  of the radiative energy flux, which 
is unable to compensa te  for the t empera tu re  fluctuations. 

The t rea tment  given in [2, 3] showed that for conditions when l < a and l < hmin there is no ove r -  
heat instability, since the tempera ture  oscillations re lax  rapidly because of the large radiative thermal  
conductivity. Thus, if the overheat  instabili ty occurs  in an optically dense discharge for the equil ibrium 
conditions dotained in [2], it should develop for wavelengths Xmi n < l. In this case radiation does not only 
take place f rom the surface of the per turbed region of p lasma.  Quanta originating inside this region leave 
it f reely  (although they do not pass  beyond the limits of the discharge itself) and so it can be said that the 
radiation has a volume nature in the per turbat ions and, as we shall see, cannot damp the temperature  
fluctuations. 
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To solve the instability problem,  the energy  of p lasma fluctuations due to radiation 5qs must be ca t -  
culated for  the case when the equilil~rium state can be descr ibed by the approximation of radiative thermal  
conductivity, but the wavelength of the oscil lat ions Xmi n < l, Starting f rom the expression for qs [4], 

co 

q' = 5 d'v I dnn~' (Iv, --  I~) (1) 
o 

we write down an express ion for the fluctuations 5% in the general  form 

aq. = d .  l a n  - a;,,) + ( z ; .  - z : ) }  
0 

(2) 

where the symbol 5 denotes variation with respect to density and temperature, 

0 + a T '  0 
a ~ a~) ~ OT 

For  conditions in which the approximation of radiative thermal  conductivity is applicable Ix,p ~ - Iv ~ << 
Ivp ~ and the equation of radiative t ransfer  

~VI~ ~ = x '~ r i  ~ '~ ~ v p - - I f )  (3) 

has the following solution for the intensity of radiation: 

L ~ = Z:p - -  l ~ ' n V I ; p  + z~'nvz~'avz;, + . . .  (z~' = ~L/~,') 

The radiative t ransfer  equation, l inear ized with respec t  to per turbat ions,  has the form 

i 1 l 
n v a I , , =  x~ '~ (6Ivp -- 6I,,) + 6z,' x-@z-av.I;p -- • nv  ~ ftvi:p) (4) 

In the case under considerat ion,  X < l and the te rm >r '~ can be neglected in comparison with c ~2V6Iv. 
The quantity 6Ivp is proport ional  to ST; as regards  5~u'  it contains both temperature  fluctuations and 
density fluctuations. The fact that Ivp~ ~ is small  compared  with Iup ~ leads to the inequality 

01,, Our '~ 
�9 , ' ~  > > - - g ~  (C ,  - L  ~ (5) 

In what follows, it will be shown that 

OI~p 0 •  'o  

,, '~ - v -  6 r >~ - - G -  (i:~ - L ~ ) ao (6) 

For  the majori ty  of radiative mechanisms and, in par t icu lar ,  for b remss t rah lung  and recombination 
mechanisms,  which play a fundamental par t  in the conditions under considerat ion,  inequality (6) is equivalent 
to requir ing that p 5T ~ TSp. Thus to justify (6) we have to show that, for the oscil lat ions being considered,  
the relat ive fluctuations of density do not exceed the temperature  fluctuations. Assuming that (6) is f un  
filled and taking (5) into account, we can simplify (4) 

O.VaI~ = xjOaLp (7) 

Since X < l u '  for  the majori ty  of quanta, it follows f rom (7) that 6I v << 5 Ivp and 

0T (8) 
0 0 

Thus, for the case in which the wavelength of the oscil lat ions (even in one dimension) is small  com-  
pared  with the free path lengths of the quanta making the fundamental contribution to the radiation, the 
fluctuations 5qs are determined only by tempera ture  fluctuations for a medium which is optically dense in 
equilibrium conditions. A concrete calculation of 5qs for  b remss t rah lung  in a p lasma gives 

Z~P " :[0-27 aqs = ~ ' ~  ST, q" ~ (9) 
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Equation (8) for  5qs shows that  when ca r ry ing  out an analys is  for  the overhea t  instabi l i ty,  we can 
use  the d ispers ion  re la t ion  (3~ of pape r  [1] in the case  under cons idera t ion ,  sett ing 

Oqso Oqso [Sq s 
0p0. ~ 0 ,  OT o --  6T du I d ~ z / ~  Olvp - = . a T  < 1 0 )  

0 

We note that in this case  5qs0/ST 0 is no longer a t empera tu re  der ivat ive  of the equi l ibr ium energy  
loss  value~ Only a f o r m a l  analogy is used  in writing down tile s y s t e m  of f inear ized  equations.  As in the 
case  of a p l a s m a  t r a n s p a r e n t  under equi l ibr ium conditions,  both high-frequency and low-frequency in-  
s tabi l i t ies  occur .  The f i r s t  of these is not assoc ia ted  with the motion of pe r tu rbed  regions  of the p l a sma ,  
while the second is accompanied  by motion of this type. The cor responding  f requencies  have the fo rm 

(91, 2 = 

0 (11) 

Since, in equi l ibr ium condit ions,  Joule heating is compensa ted  by radia t ion close to b lack-body  
radia t ion,  we have 

�9 OI~p 

o 

and the ins tabi l i ty  a lways occur s .  

Final ly,  we must  just i fy the conclusion drawn above concerning the re la t ion  between the fluctuations 
5T and 5 p .  An appropr ia te  just i f icat ion can be made mos t  s imply  for  the case  of a plane d i scharge .  In 
the z e r o - t h  approximat ion  of geome t r i ca l  opt ics ,  the r e su l t s  are  independent of the geome t ry  of the d is -  
charge .  If the s y s t e m  of l inear ized  equations of magnetohydrodynamics  [1] with m = k z = 0 is used, i t  is 
not difficult to show that there  is a connection between the fluctuations 5p and 5T (all t e r m s  higher than 
the ze ro  o rde r  of sma l lnes s  are  neglected in geomet r i ca l  optics):  

Po L 4nzo 

When w << kv s and w << kv s, the assumpt ion  made above can be just i f ied d i rec t ly  f rom (12). 

Thus,  it is obvious tha t shor t -wave leng th  overhea t s  with wavelengths ~ <<l e x i s t  in a d ischarge  which 
is opt ical ly dense under equi l ibr ium condit ions.  Although these ins tabi l i t ies  a re  less  cha r ac t e r i s t i c  in an 
opt ical ly  dense discharge than in a t r a n s p a r e n t  one, since they can be substant ia l ly  r e s t r i c t e d  with r e s p e c t  
to the wavelengths ,  neve r t he l e s s ,  in the conditions under considera t ion  these wavelengths a re  st i l l  not 
suff iciently smal l  for  them to be damped by e lec t ron  the rma l  conductivity.  

In conclusion,  the author wishes to thank A. A. Rukhadze for  useful  d i scuss ions .  

LITERATURE CITED 

i. V.B. Rozanov, A. A~ Rukhadze, and S. A. Triger, "The theory of equilibrium and stability of a heavy 
current discharge in a dense optically transparent plasma," PMTF, 9, No. 5, 1968. 

2. A~ A. Rukhadze, and S~ A. Triger, "The equilibrium and stability of a heavy current discharge in a 
dense plasma for conditions of radiative thermal conductivity," PMTF, 9_, No. 3, 1970o 

3. A~ A. Rukhadze and S. A. Triger, "Constrictions in a plasma of finite conductivity," ZhETF, 5__66, 
no. 3, 1970. 

4. Ya. B. Zel'dovich and u P. Raizer, The Physics of Shock Waves in High-Temperature Hydrodynamic 
Phenomena [in Russian], Nauka, Moscow, 1966. 

232 


