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This paper considers  whether a specific type of instability associa ted with p res su re  and conductivity 
gradients  can exist  in a low-tempera ture  dense plasma.  Apart  f rom hydromagnetic instabilities [1], speci-  
fically low-temperature  instabili t ies associa ted  with energy dissipation can exist  in a low-temperature  
dense p lasma (T = 10-100 eV, n = 1016-1018 cm-3). Instabilities in a low-temperature ,  cur ren t -car ry ing  
p lasma as the resul t  of heating and radiation were considered in [2], and stability c r i t e r i a  were obtained 
on the assumption that tempera ture  gradients ,and consequently the conductivity, are small .  

The presen t  paper  considers  whether still another type of instability, associa ted with conductivity and 
p re s su re  gradients ,  can exist  in a p lasma of this sor t .  The mechanism by which this instability operates  
is s imi lar  to that of the cur ren t -convect ive  [3] and res is t ive  [4] instabil i t ies.  

We shall consider  a cyl indrical  column of p lasma contained by the magnetic field of the self current ,  
which loses its Joule heat by radiation and thermal  conductivity. In what follows standard symbols adopted 
in [5] are  used.  

The operating mechanism for the instability can be understood from the following considerat ions.  In 
the equil ibrium state the equations of p r e s su re  and energy balance have the form 

VP : c-lj x H, rot H : 4nc-lj 
div (• V T) = --aE ~ +Qr  (1) 

Here Qr is the power radiated,  

j = aE, c~ = a l T  ~/~ / k, (h = const 

We consider  rapid oscil lat ions when the per iod of the oscil lat ions is less  than the charac te r i s t ic  time 
for energy  dissipation, but l a rger  than the charac te r i s t i c  time for  the skin effect  T s. When the p lasma is 
displaced by 5 r f rom the equil ibrium state as the resul t  of adiabatic compress ion ,  the following temperature  
change occurs :*  

6T = dlnTo dlnP0 6r 
dlnP0 dlnr  "~o T~ 

There is consequently a change in conductivity: 

dln~ 6T 
( ~ =  dlnT0 To 60 

Since the e lec t r ic  field is constant,  this leads to a change in the force containing the p lasma j • H when it 
is displaced to the point r 0 + 6r 

6F = c-16j • II o + c-ljo • 6H, 6j = 6vEo, rot (6tt) = 4~c-16j 

*Here and in what follows a subscr ipt  c denotes quantities connected with surface p rocesses  (skin-effects); 
while a subscr ip t  a indicates quantities associa ted  with adiabatic p roces se s .  
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(the subscr ipt  0 denotes equilibrium quantities). 

Since a change in the containing force at the point r 0 + 6r is determined by a change in conductivity 
at the point r 0 + 6r compared  with that at the point r 0 

we can neglect the t e rm 

6~= dlnso 6r 
d An r r--0" 60 

I]0 x 6 H I  ~ (kp) -~5]Ho,  p -~ = d In He / dr 

for short -wavelength per turbat ions with kp >> 1 and obtain the total change in the containing force (the 
subscr ip t  0 is omitted in what follows): 

~- \d lnP dlnr ]aJ r 

Thus, the equil ibrium condition has the form 

dana (dAna~ d l n P  ~ . 0  
T - -  d lnr  + \d-'~-fi']a d lnr  / 

or 

(2) 

d A n ~  ( d l n ~  
d An P ~ ~ - i ~ / ~  (3) 

By way of an example, now consider the equilibrium condition for the case in which the fundamental 

cause of energy  losses  is radiation. The quantity d In (r/din P can be found by considering the equation of 
energy  balance 

o E  ~ = cznV (r) 

F o r l o w t e m p e r a t u r e s ,  when recombinat ion radiation is predominant ,  we have 

] (T) = T-'/~ T ~ pv~, dln z/dln P = 3/~ 

When bremmst rah lung  predominates ,  we have 

] ( T) = T %, T ~ P~I,, dlnz/dlnP = 1 

Since 

Ta~P( '~-I ) /L  d l n ~ / d l n P  =a/a 

the equil ibrium condition (3) is satisfied. 

The equil ibrium increment  can be obtained by direct  considerat ion of the equation of motion for  the 
p lasma for a small  displacement f rom the equilibrium position: 

d 2 (Sr)  
mn ~ = 6F  

Inserting 5F f rom Eq. (2) in (4), we obtain 

(02 _= (002~12, ~12 = T -1 [ d In P / d in r IT, 

The equil ibrium equation (1), rewri t ten in the form 

dAnP _~_( , d l n H \  
dAnr  - - - -  t + d--WT~ ) 

gives us the increment  

(4) 

P o  
(002 --- r~t~o/~2 

i " 2 ( j  dlnH~]2 ~ d l n ~  , /Ydlnz \ q 
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Since the quantit ies din H/dInr ,  - d I n a / d I n P  + (dIna/dIn P)a a re  of the o rder  of unity, then in o rder  of 
magnitude 

and the growth t ime of the per turba t ion  is 

In order for the conditions adopted to be satisfied, the increment must be less than the inverse skin- 
effect time T "I > ~-e-1; otherwise, current diffusion must be considered. This requirement leads to the 
condition w }th 

F o r  modes within +~ 0 the pa t te rn  of ins tabi l i ty  development  is quali tat ively not much different~ We 
note that this instabi l i ty  is a s soc ia t ed  with t e m p e r a t u r e  per tu rba t ions ,  and so the t he rma l  conductivity is 
the s tabi l izing fac tor .  

Final ly,  the author  is  gra teful  to S. G. Alikhanova for  encouragemen t  and in te res t  in the work and to 
So L. Mushera  for  useful  d i scuss ions .  
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