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Results of a numerical solution of the equations of energy and momentum balance are given 
for a steady-state discharge in a dense plasma. 

One of the fundamental problems in the theory of quasistationary, heavy-current discharges is the de- 
termination of temperature and pressure equilibrium distributions, on which depends not only the energy bal- 
ance but also the plasma stability. The balance equations were solved in [I] using various assumptions (~t = 0, 
absence of radiation, and so on). Since the complete system of equations cannot be solved analytically, the 
balance equations were integrated numerically [2-4] for low densities, when radiation is unimportant. It is 
of interest to consider an equilibrium discharge in a dense plasma, where radiation becomes quite important. 
As shown below, quasiperiodic solutions may exist in this case. 

Consider an equilibrium, cylindrical plasma cohtmn without a longitudinal magnetic field, where the 

plasma pressure is confined mainly by the intrinsic magnetic field of the current flowing along the z axis 
(part of the plasma pressure may be imparted directly to the container). Joule heat is removed by thermal 
conductivity and radiation, which is assumed to fill the whole volume, as is valid for a wide range of tem- 
peratures and densities. Assuming T e =Ti, and neglecting viscosity, we obtain 

dp/dr  ~ c -1 fH, rot H = 4 ~ c-l~ 
div (• = -- Ef + W r (T, n), on = j (1) 

W r (T, n) ~ an2T -V~ .~ ~n2T '% 

H e r e  (r i s  the  conduc t iv i ty ,  H i s  t he  m a g n e t i c  f ie ld ,  n i s  the  dens i t y ,  T i s  the  t e m p e r a t u r e ,  p i s  t h e p r e s -  
s u r e ,  j i s  the c u r r e n t  dens i ty ,  E i s  the e l e c t r i c  f ie ld ,  ~ i s  the  coe f f i c i en t  of t h e r m a l  conduc t iv i ty ,  and a and 
p a r e  the B r e m s s t r a h l u n g  and r e c o m b i n a t i o n  r a d i a t i o n  c o e f f i c i e n t s  [5]. The e f f ec t s  c o n s i d e r e d  a r e  connec t ed  
wi th  r ad i a t i on ;  i . e . ,  t hey  o c c u r  in the  w e l l - k n o w n  d e n s e  p l a s m a .  We can  t h e r e f o r e  c o n s i d e r ,  wi thout  l o s s  of 
g e n e r a l i t y ,  a fu l ly  ion ized ,  u n m a g n e t i z e d  p l a s m a ,  a=a0T3/2~ -1, ~ = ~0T5/2~ -1, go, ~0 = cons t .  

A s s u m i n g  the  Cou lomb  l o g a r i t h m  k to be  cons tan t ,  we r e w r i t e  the s y s t e m  of  equa t ions  (1) in d i m e n s i o n -  
l e s s  f o r m :  

x dx ~ = 

x d x  xOV* = - -  q J  0 ' t '  + qr]  (0) pu (2) 

/ (0) = 0 J / ,  ( l  Jr- ~10), ~1 = ~O/~t  

T p r R ~ po 
0 -  1'o ' p = ~ ,  z = - - R - ,  = 4~/o ~ 

/o~R2~, ~ ~no~ R2~, 
qj  -- qr 
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with boundary conditions 
p = t ,  0 = t  a t  x = O  

(The index 0 is re la ted to the value at  r = 0.) 

Consider  f i rs t  some possible types of solutions of the sys tem (2). 

A. Small radiation, qr<<qj. Integrating (2) once, we have 

p (x) - -  I = 1/5 (0 s (x) - -  J) / qj .  

At 5qj  >1 the magnetic p r e s su re  is low and the solution corresponds  to a s teady-s ta te  arc .  At 5qj < 1 
the solution cor responds  to a se l f -cons t r i c ted  discharge with thermal  losses  through the surrounding chan- 
nel cur ren ts  to the gas sheath. A special  ease is 5 q j = l ,  when the heat flow to the vesse l  is minimal.  

B. Low magnetic p re s su re ,  but the radiation power is comparable  to the Joule heating power, q j ~  
qr>>l. 

In this case  the solution cor responds  to a M g h - t e m p e r a ~ r e  arc .  Reducing the energy balance equa-  
tion to an equation of motion of a par t ic le  in potential field 

i d ( d ~ )  dV((~) 
x dx x ~ = --  d~ 

it  is not hard  to ver i fy  [6] the possibi l i ty  of an osc i l la tory  sys tem.  

In the general  case,  Eqs.  (1) and (2) can be solved only numerical ly .  F igures  1 and 2 show the t emper -  
ature and p r e s su re  equil ibrium distr ibutions corresponding to the values qr  = 0, 0.1, 0.5, 1.0, and 2.0 at q j=  
0.1 (Fig. 1) and q r=0 ,  0.5, 1.0, and 2.0 at q j = l  (Fig. 2). The f igures  show that s teady-s ta te  t empera tu re  and 
p r e s s u r e  equil ibrium distributions satisfying the c r i t e r ion  of p lasma stability do not exist  for  all  possible 
discharge pa r a me te r s .  This is t rue both for  fast  vibrat ions (of a per iod less  than the skipping time) and for  
slow ones [7, 8]. Solutions are  possible fo r  qj<<l (Figs. 1.1 and 2.1), when the magnetic p re s su re  is small  
compared  with the gas kinetic one (an e lec t r ic  arc) .  Solutions corresponding to se l f -cons t r ic ted  discharge 
e i ther  isolated f rom the walls (Fig. 2.4) or  par t  of its p lasma p r e s s u r e  is removed by the walls (Figs. 1.3 
and 2.3) exis t  fo r  the given values of t empera tu re  and density only along the discharge axis at definite values 
of the e lec t r ic  field. In the remaining eases  the solution osci l la tes  (Figs. 1.2 and 2.2), the plasma column 
being unstable with such t empera tu re  and p re s su re  distributions.  

The solutions found only i l lus t ra te  var ious  types of t empera tu re  and p r e s su re  equil ibrium dis t r ibu-  
tions for  high-density discharges .  F o r  a co r r ec t  solution of the problem of discharge equilibrium, it would 
be ne c e s sa ry  to consider  the magnetic field dependence of the the rmal  conductivity coefficient [3] and the 
dissociat ion and ionization energy t r an s f e r  [4]. This limitation, however, is not important,  as the qualitative 
nature of the solution is independent of the fo rm of z (T, H) and the l a t t e r  effect is significant only at t em-  
pe ra tu res  below the ionization tempera ture .  
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