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In this  pape r  we examine  t h e  equi l ib r ium and s tabi l i ty  of an opt ica l ly  opaque h igh -cu r r en t  d i s cha rge  under  
condit ions of s t rong rad ian t  heat  t r a n s f e r ,  which ensures  uni formity  of the t e m p e r a t u r e  in the equi l ib r ium s ta te  and 
rap id  t e m p e r a t u r e  equal izat ion dur ing f luctuat ions.  The d i spe r s ion  equations a r e  obtained and the ins tab i l i ty  
development  inc remen t s  a r e  ca lcu la ted  for  the ca ses  of s imple  cy l indr ica l  d i scha rge  (z-pinch) and d i scha rge  with 
r e v e r s e  axial  current .  The study is made  for  the l imi t ing  case  of low-conduct iv i ty  p l a s m a ,  which co r re sponds  to 
d i scha rge  p a r a m e t e r s  which have been p roposed  for  use  as p l a s m a  light sources  [1]. It is  shown that maintenance  of 
the d i scha rge  for  a f a i r l y  long t ime  in a s ta te  c lose  to equ i l ib r ium,  when l a r g e - s c a l e  ins tab i l i t i e s  capable  of a l te r ing  
s ignif icant ly  the equ i l ib r ium s ta te  have not yet  managed to develop,  is poss ib l e  only in a d i s cha rge  with r e v e r s e  
current .  The p r e s e n c e  of in s t ab i l i t i e s  of the kink and sausage  types  in the low-conduct iv i ty  p l a s m a  along with the 
wel l -known fact  of the ex i s tence  of such in s t ab i l i t i e s  in h igh-conduct ivi ty  p l a s m a  [2, 3] sugges t s  that  ins tab i l i t i e s  of this  
so r t  a r e  c h a r a c t e r i s t i c  for  p l a s m a  of any conductivity.  

In connection with the cons ide rab le  i n t e r e s t  in the p rob l e m of using h igh -cu r ren t  pulsed  d i s c ha rge s  as  powerful  
l ight  s o u r c e s ,  a t heo re t i ca l  examinat ion was  under taken in [1, 4] of the equ i l ib r ium and s tab i l i ty  of d i s c ha rges  in 
opt ica l ly  dense and opt ica l ly  t r a n s p a r e n t  p l a s m a s  with the objec t ive  of c l a r i fy ing  the i r  p r o p e r t i e s  a t  a r ad ia t ing  
sur face  t e m p e r a t u r e  T ~ ( 3 - 1 0 ) e V  and p a r t i c l e  dens i ty  N~10 ~ cm -3. As is  known f rom studies  on cont ro l led  
the rmonuc lea r  syn thes i s ,  the pinch d i scha rge  is  hydrodynamica l ly  unstable;  in this d i scha rge ,  i n s t ab i l i t i e s  of the 
loca l  overhea t ,  kink,  and sausage  types  develop,  which leads  to c u r r e n t  cutoff and p l a s m a  co l l apse  a f te r  ve ry  shor t  
t imes ,  usual ly  amounting to a few m i c r o s e c o n d s  (see [3j and the l i t e r a t u r e  ci ted therein) .  The re fo re ,  one of the 
bas ic  p r o b l e m s  in us ing h i g h - c u r r e n t  d i s cha rges  in a p l a s m a  as  l ight  sources  is  that  of d i scharge  s tab i l i ty .  

However,  it was noted in [1] that  appl icat ion of the theory  p resen ted  in [2] to the case  in question is  not 
l eg i t ima te ,  s ince  the ana lys i s  of [2] appl ies  to a h i g h - t e m p e r a t u r e ,  p r a c t i c a l l y  infini tely conducting p l a s m a  which is  
t r a n s p a r e n t  for  radia t ion.  F o r  the pu rposes  noted above, we a r e  i n t e re s t ed  in both opaque and t r a n s p a r e n t  p l a s m a s  
under  conditions of r a t h e r  low t e m p e r a t u r e s  (T ~ (3-10)eV)~ when finite conduct ivi ty effects  (diffusion of the 
e l ec t romagne t i c  f ie lds  into the p l a s m a ,  absence  of the cu r ren t  sk in -e f fec t ,  and so on), which can be neglected for  
h i g h - t e m p e r a t u r e  t h e r m o n u c l e a r  p l a s m a s ,  can play a s ignif icant  role .  

1. P rob l em formulat ion.  Equi l ibr ium and s tabi l i ty  of plane and cy l indr ica l  d i s cha rges  in an opaqae p l a s m a  have 
been studied on the bas i s  of the  equations of s ing le - f lu id  MHD in [1]. 

Study of the equi l ibr ium d i s cha rge  s ta te  has shown that the c h a r a c t e r i s t i c  t e m p e r a t u r e  va r ia t ion  sca le  x T (r T for  
the cy l indr ica l  d i scharge)  d i f fe rs  s ignif icant ly  f rom the c h a r a c t e r i s t i c  p r e s s u r e  and densi ty  va r i a t ion  sca le  Xp(rp)o 
Sat isfact ion of the inequal i ty  x T >> Xp (r T >> rp) e n s u r e s  uni formi ty  of the t e m p e r a t u r e  a c r o s s  the d i scharge  sect ion and, 
consequently,  high t e m p e r a t u r e  of the p l a sma  rad ia t ing  su r face .  Analys is  of f luctuations with wavelengths  ;~x << Xp has 
shown that the d i scha rge  is s tab le  in the g e o m e t r i c - o p t i c s  approximat ion.  Fo r  ana lys i s  of f luctuation wavelengths which 
a r e  comparab le  with the c h a r a c t e r i s t i c  dimer~sions of the s y s t e m ,  it is  poss ib le  to use  the approximat ion  in which the 
t e m p e r a t u r e  f luctuat ions a r e  p r a c t i c a l l y  ins tantaneously  diffused by the high radiant  heat  conduction. The condition for  
val id i ty  of the approx imat ion  is the inequal i ty  XT2C 2 >> Xp3%Vs . 

The s tab i l i ty  of both equi l ib r ium and noneqai l ib r ium d i s c ha rge s  in cases  of high c 2 < a0VsXp and low e 2 > a0VsX p 
conductivity was examined in [1] under  the assumpt ion  of constant  d i scha rge  t e m p e r a t u r e  and absence  of f luctuations.  
We note that study of the nonequ i l i b r ium-d i scha rge  s tab i l i ty  is  p a r t i c u l a r l y  impor tant  in h igh-conduct iv i ty  p l a sma ,  
s ince  the es tab l i shment  of equ i l ib r ium with r e spe c t  to the f ie ld ,  amounting to i ts  equal izat ion a c r o s s  the d i scha rge  
sect ion,  ]s  de t e rmined  by the skin t ime  ~-, ~ 4ra0Xp2C -2. It is  obvious that we can speak of s t eady -equ i l i b r ium s tab i l i ty  
only if the skin t ime  T, is l e s s  than the t ime  ~- ~ Xp/V s c h a r a c t e r i z i n g  the dura t ion  of the d i s cha rge  fo rma t ion  p r o c e s s ,  
i .e . ,  provided 
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c ~ >~" 4a(~ovszp (1.1) 

This inequality is not sat isf ied in high-conductivity plasma. The stabil i ty of the low-conductivity p lasma,  in which 
the reverse  inequality (1.1) holds, can be studied under  the assumption of the existence of equil ibrium. 

In [1] the stabil i ty of the equi l ibr ium cyl indr ical  low-conductivity discharge was studied only for the m = 0 mode 
in the longwave l imit .  In this paper  we present  a complete examinat ion of the stabil i ty of the cyl indr ical  discharge and 
of the equi l ibr ium and stabili ty of the discharge with r eve r se  cur ren t  in a low-conductivity plasma.  For  the above 
assumptions concerning high rad ian t  heat conduction, all the p rocesses  taking place in such a p lasma can be 
considered isothermal .  In this case the sys tem of MHD equations is wri t ten  in the form 

Op + divpv'-=O, P-- (t-~-z)~ 0"--/- ~ pT = vs~p 

[0v , ] t [rotB, B] (1.2) P k-~-r - c  ( vV)  v = - v p  § 

rot B = --7- J' AB = 0 

We shall see l a t e r  that the boundary conditions for (1.2) are obtained direct ly from (i.2) by using the explicit 
form of the equi l ibr ium solutions for both the s imple cyl indr ical  discharge and the discharge with r e ve r s e  current .  

2. Simple cyl indr ical  discharge (z-pinch). As is known, the equi l ibr ium state of the cyl indr ical  discharge is 
mainta ined by the cur ren t  whose se l f -magnet ic  field at each point balances  the kinet ic  p r e s s u r e  of the plasma.  In the 
s ta t ionary equi l ibr ium state the discharge field E 0 is constant across  the discharge sect ion and the hydrodynamic 
velocity v 0 = 0. The express ions  for the equi l ibr ium values of the hydrodynamic quanti t ies have the following form [1] : 

5 )  oo(O)(  5 )  
- -  _ po"(O)  c~ 

( 2 . 1 )  

Let us examine the stabil i ty of this equi l ibr ium state. Linear iz ing  (1.2) with respect  to smal l  deviations of the 
hydrodynamic quanti t ies f rom the equi l ibr ium values ,  which depend on the t ime and coordinates,  in the form q~(r) exp 
( - i  cot + i m e  + ikzz), we obtain the following system of equations for the per turbat ions" 

Pl . t 0 ira 
--  io v-~ 0- r ~-r rp~ + -7- p0v~ @ ikzpoVz = 0 (2.2) 

�9 0 ( BoB~ @ BoB~ irn 
/COp~ = ~ r  .Pl @ "-~'--] 2gr 4~r" BoB~ (2.3) 

im BoB r (2.4) 
iC0p0Vr = -~-- Pl -- " 2gr 

iO)poVz = ik~ (Pl § 
BoB,p ~ im 
~ ] - -  ~ BoB~ ( 2 . 5 )  

B~ 2ira AB~ B~r e 2irar~ B~ = O, ABr --  ~ § ~ B r ~- 0 (2.6) 

AB~ = 0, div B = 0 

Let us examine separate ly  the stabil i ty of the modes with m = 0 and m ~ 0. For  m = 0 the equations for B r and 
vq~ separate.  The solution for B~v which is finite at zero has the form 

B r  C~I 1 (fir), I~ ~ Ik~[ (2.'/) 

Substituting the express ions  for v r and v z f rom (2.3) and (2.4) into (2.2) and using the explicit  form of B~0 f rom 
(2.7), we obtain for Pl a second-order  nonhomogeneous equation, f rom which we find the bounded-a t -ze ro  solution 

r 2 

pl = cr + r ~ I o  (~r) 

(2.8) = V k z ' §  (F--CIB~ -'~r~"C] 

Here we have introduced 7 = iw in place of the frequency co. For unstable  solutions 7 > 0. 

The problem boundary conditions follow from vanishing of the density P0 at the edge of the plasma.  By vir tue of 
the boundedness of the p l a sma  velocity per turba t ion  at the edge, the r ight-hand sides of (2.31 and (2.5) mus t  vanish for 
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r = rp,  which gives the two boundary conditions 

~ ~ ' B.B~ ~r=rv = 0 '  BoB,~ ] 

It is easy to show that the second condition in (2.9) has the obvious physical  meaning of conservat ion of the total 
cur rent  in the discharge during dis turbances .  

Substituting solutions (2.7) and (2.8) into (2.9), we obtain a sys tem of homogeneous algebraic  equations for the 
coefficients C 1 and C2, f rom whose solvabil i ty condition we obtain for the m = 0 mode the following d ispers ion  equation: 

(~  + ~)I1 (~rv) Io (a%) -- 2cr 0 (~rv)I ~ (r + 1/~r v (~2 

--  ~z 2) [~I1 (a%)I1 (~3rv) -- gI  o (arp)Io (~r~)] = 0 (2.10) 

This equation has a solution in two eases. For  the longwave flrp << 1, a rp  << 1, where oL >>/3, (2.10) leads to the 
spectrum 

a~ = A 2 ]/-~fl~. or ~(~=~2]/-:~! kzl~P (2.11) 
rp rp 

This spect rum coincides with the unstable solution found in  [2] for i so thermal  p lasma of infinite conductivity but 
under  the assumption of dis t r ibuted current .  We see from (2.11) that this instabi l i ty  is retained in the low-conductivity 
plasma.  

In the shortwave region flrp >> 1, a rp  >> 1, (2.11) has the unstable root 

~=~_~_ I or 3 " ~  21kz[vs2 (2.12) 
rp rio 

The maximum increment  of the shortwave fluctuations is l imited by the condition of applicabili ty of the radiant -  
heat-conduction approximation l < Xz; therefore  "/max < 2VsX/lrp,  where l is the Rosseland quantum mean free path. 

All the higher modes of the longwave ins tabi l i t ies ,  and also the shortwave modes of the type v 2 ~ z z kzv s which 
exist in high-conductivity p lasma,  are  s tabi l ized in the low-conductivity plasma.  We note that the nature  of the spatial  
behavior  of the solutions (2.7), (2.8) for the  d is turbances  differs f rom the case of the high conductivity.  They decay 
monotonical ly f rom the edge into the depth of the p lasma,  while in the case of the high conductivity there was an 
osci l la tory  var ia t ion  of the solutions in the body of the plasma.  A consequence of this is the effective inc rease  of the 
t ime for development of shortwave ins tabi l i t ies  in the depth of the plasma.  As for the rapidly developing sma l l - s ca l e  
surface d i s turbances ,  they are  not dangerous. For  the reasons  mentioned,  we can consider  that the eyl indrical  low- 
conductivity discharge is more  stable with respect  to ax i symmet r i e  ins tabi l i t ies  than the high-conductivity discharge.  

Now let us invest igate the m ~ 0 modes,  which are  kink and sp i ra l  per turba t ions  of the pinch discharge.  
Solving (2.2)-  (2.6), we obtain 

C~ �9 0 tr .  (~r) 
B~ :=ClI~ (~r), B~ = -~- Im (~r) ~ iCt slgn k, O~r 

(2.13) 
pl=Calr~(Z~r) ~- r ~ I , ~ ( ~ r ) ,  r ~  ~mz~ri~l~~ C2 

These solutions of (2.2)-(2.6) differ f rom the general  solutions in the requ i rement  that the per turbat ions  be 
finite for r = 0. The boundary conditions,  as for the case m = 0, are  obtained direct ly f rom (2.3)-(2.5) and have the 
form 

BoB~ \ BoB~ 

BoU, 1 [p~ + - -  [@- P ' -  ~ - ~  Jr=,'. = '0 '  

ir~ ] = 0 

BoB~ m ] =- 0 
4~ 4~7"rk~ BoB~ ~=~ 

(2.14) 

The condition of solvabil i ty of (2.14) re la t ive  to the coefficients C 1, C2, and C 3 leads to the following d ispers ion  
equation for de te rmin ing  the p l a sma  fluctuation spec t ra :  

OIm (~rp) 
a[,~+~ (c~rv) [-4~ I,~ (~rv) Orp l- 'p 
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O[ m (~rp) (~z ~. m"~ (~) - -  ~ 7  
rp a 4rp 4r~ 3 J 

m--  (u2--El~ m ~ rm~ (~rp)} =~ 0 w- I~[~l'~(~rP)\2) [ (~__~)  4rp2(~2+~}~] + ~ ~ (2.15) 

In the  r e g i o n  of m o s t  d a n g e r o u s  longwave  o sc i l l a t i ons  flrp << 1, a r p  << 1, expanding the  t e r m s  of (2.15) into a 
s e r i e s  in p o w e r s  of flrp and a r p  up to and inc luding  t e r m s  of fou r th  o r d e r ,  we obtain  the  uns t ab le  roo t s  

~2 rn-~- 2 or T ~ ~ - ~ k z ~ v s  2 a ~ = ~ ~ (2.16) 

We note that  th i s  so lu t ion  is  not va l id  f o r  the  m = 0 m o d e ,  ana lyzed  above.  In the  s h o r t w a v e  l i m i t  Ikz l r  p >> 1 the  
uns t ab le  o s c i l l a t i o n  s p e c t r u m  has  the  f o r m  

a 2 = ~ , +  2~ 72=  21k, l~* - -  or (2 .17 )  rp r v 

This  s p e c t r u m  co inc ides  wi th  the  c o r r e s p o n d i n g  s p e c t r u m  f o r  the  m = 0 m o d e  (see  (2.12)), i . e . ,  the  s h o r t w a v e  
i n s t a b i l i t i e s  have  the  s a m e  i n c r e m e n t  fo r  al l  the  az imu tha l  m o d e s .  It fo l lows  f r o m  (2.16) and (2.17) that  in the  low-  
conduct iv i ty  p l a s m a  exc i t a t i on  of f luc tua t ions  with any m is  p o s s i b l e ,  wh i l e  in the  h i g h - c o n d u c t i v i t y  p l a s m a  in the  
absence  of an e x t e r n a l  m a g n e t i c  f i e ld  the  modes  wi th  m >- 2 a r e  not  exc i t ed  in the  longwave  l i m i t ,  be ing  s t ab i l i z ed  by 
the  cu r r en t  s e l f - m a g n e t i c  f i e ld  [5]. In th is  c a s e  the d i s c h a r g e  in the  l o w - c o n d u c t i v i t y  p l a s m a  is  l e s s  s t ab le  wi th  
r e s p e c t  to d i s t u r b a n c e s  wi th  m ~ 0 than  is  the d i s c h a r g e  in the idea l ly  conduct ing p l a s m a .  

3. D i s c h a r g e  wi th  r e v e r s e  c u r r e n t .  Let  us e x a m i n e  the  d i s c h a r g e  wi th  r e v e r s e  c u r r e n t  in an op t ica l ly  dense  
p l a s m a  under  condi t ions  of r ad ian t  hea t  conduction.  Such a s y s t e m  cons i s t s  of a coax ia l  c y l i n d r i c a l  l a y e r  c a r r y i n g  the  
c u r r e n t  and a m a s s i v e  m e t a l  conduc tor  l oca t ed  a long the  axis  of the  s y s t e m ,  th rough  which  c u r r e n t  f lows  in the  
r e v e r s e  d i r ec t i on .  

It wi l l  be  :shown l a t e r  that  such  a d i s c h a r g e  has  c o n s i d e r a b l y  g r e a t e r  s t ab i l i ty  than  the  s i m p l e  c y l i n d r i c a l  (z-  
pinch) d i s c h a r g e .  Th i s  fac t  was  known f r o m  the  v e r y  f i r s t  few s tud ies  of d i s c h a r g e s  wi th  r e v e r s e  c u r r e n t  in a h igh-  
t e m p e r a t u r e ,  idea l ly  conduc t ive  p l a s m a  [6]. M o r e o v e r ,  the  p o s s i b i l i t y  of c r e a t i n g  in such  s y s t e m s  a v e r y  l a r g e  
r ad ia t ing  s u r f a c e  m a k e s  t h e m  m o r e  p r o m i s i n g  fo r  u s e  as power fu l  l ight  s o u r c e s  than the  z -p inch .  

The  s y s t e m  of equa t ions  d e s c r i b i n g  the  e q u i l i b r i u m  d i s c h a r g e  wi th  r e v e r s e  c u r r e n t  has  the  s a m e  f o r m  as f o r  the 
z -p inch  [1]. H o w e v e r ,  in so lv ing  th i s  s y s t e m  we m u s t  c o n s i d e r  the  r e v e r s e  c u r r e n t  az imu tha l  f ie ld.  

Cons ide r ing  the  p l a s m a  t e m p e r a t u r e  cons tan t  as  a r e s u l t  of the high r a d i a n t  hea t  conduc t ion ,  we find the 
fo l lowing  d i s t r i b u t i o n  of the  e q u i l i b r i u m  quan t i t i e s  in the  d i s c h a r g e  with  r e v e r s e  c u r r e n t :  

Bo = - ~ o E o r ( t  -- Rd ~ - 7 /  

( r, r,) nR~176176 t - -  ~ + In ~ (3.1) Pc = P~ + ~ 

Pc = P., + nR~176 t ~ In C2yS~ 

H e r e  Pm and Pm a r e  the  m a x i m u m  v a l u e s  of the  p l a s m a  p r e s s u r e  and dens i ty ,  which  a r e  r e a c h e d  at the  point  
r = R 0. We s e e  f r o m  (3.1) that  the  d i s c h a r g e  is  c o n c e n t r a t e d  in the  r e g i o n  r 1 -< r -< rz,  w h e r e  r 1 and r z a r e  the  roo t s  of 
the  equa t ion  P0(r) = 0. The  quan t i t i e s  R 0 and r 1 a r e  connec ted  by the  r e l a t i o n  

Io (3.2) R~ = ri2 + nl---~- 

w h e r e  Jo is the  d i s c h a r g e  c u r r e n t  dens i ty  and I 0 i s  the  to ta l  ax ia l  cu r r en t .  In the  l i m i t i n g  c a s e  R o ~ 0 ( i .e . ,  I 0 - - 0  and 
r l  - -  0 as wel l ) ,  f o r m u l a s  (3.1) b e c o m e  (2.1) fo r  the s i m p l e  z -p inch .  

F o r  l a r g e  I 0 the  e q u i l i b r i u m  r a d i u s  R 0 >> r2 - r l .  In th i s  c a s e  it  is  convenien t  to i n t roduce  the  v a r i a b l e  x = r - R0 
(Ix[ << R0). Expanding  (3.1) into a s e r i e s  in p o w e r s  of x /R0 ,  we obtain 
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(3.3) 

These formulas  coincide exactly with the dis t r ibut ion of the equi l ibr ium quantit ies in the plane surface 
discharge [1]. Equivalence of the inverse  pinch for high axial cur ren t s  to the plane discharge holds provided 

Ro _ Io/o Io~o~o >~ i 
xp PmC 2 ~ pm c---'~ 

In this case the equi l ibr ium radius  R0 equals 

Io 
R 0 = V 2 ~ P m C  

and the following re la t ion  is sat isf ied:  

(3.4) 

(3.5) 

I n  = 4nRoxp/o = 210 

NOW let us express  the quanti t ies T m and Pm (or N m) in t e r ms  of the total number  of par t ic les  trapped in the 
discharge and the total d ischarge current .  We have for the total number  of par t ic les  per  cen t imeter  length of the 
p l a sma  layer  

Xp 

N~ ~4~Ro i d x N m ( l ~ - j ) ~ - ~ - R o x p N ~ .  (3.6) 
o 

We find the p lasma t empera tu re  using the energy balance between radiat ion from the p lasma surface and ohmic 
heating, 

~T,~" = ~nxpEo 2 (3.7) 

Using (3.6) and (3.7), we can show that the discharge cur ren t  in the inverse  pinch has no upper  l imit ,  as does the 
z-pinch in the h igh- tempera ture  ideally conducting p lasma [7]. The p lasma tempera tu re  is connected with the total 
number  of trapped par t ic les  and the total d ischarge cur ren t  by the re la t ion  

~,.~= ~ ' ~ (3.8) 
1210 (i W z)~cc~Nn R 0 

Just  as in the s imple z-pinch,  in the optically dense p lasma in the r e ve r s e  pinch increase  of the discharge 
cur ren t  leads to inc rease  of the p lasma tempera tu re  and thereby inc rease  of the radiat ion power. 

Final ly,  we note that the condition for weak nonuniformity of the t empera tu re  x r >> x~ and the condition for 
applicabil i ty of radiant  heat conduction Xp > l 0 in the case in question (R 0 >> Xp) coincide with the corresponding 
conditions for the flat pinch [1]. 

Analysis of the r eve r se  cur ren t  discharge s tabi l i ty  is based on the same sys tem of equations (2.2)-(2.6) as for 
the cyl indrical  d ischarge,  with the difference that the boundary conditions (2.9) and (2.14) are now posed at both 
boundaries  of the discharge,  at the points rl and r2 (or x = • Xp for the case R 0 >> Xp). The solution of the posed 
problem involves tedious mathemat ica l  computations. Final  resul t s  can be obtained only for the modes with m = 0. In 
this case the d i spers ion  equation can be wri t ten in the form of vanishing of the de terminant  

u~ v2 X~ ~ = 0  (3.9)  
ki si 

k~ 

Pl  tl  

p~ t~ 

~2 - ~(r2) and the functions themselves  where r -= q~(r~), in the de terminant  are 

c 

v = - -  ~ K  1 (~r), ~ ]'2 
r 

~ _ ~  z, (~r) + ~ I0 (~r) 

~, __ $~ Ks (~r) - -  K0 (~r) 
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P = Io (ar), k = 2i0~ I0 (~r) + Bo ( ~ _  ~) ~ I1 (~r) 

t = K0 (mr), 2/0~ K ~ K 1 (~r) (3.10) s ~ (~z-~_~) 0 (~r) + 

H e r e  I v i s  the  B e s s e l  func t ion  of i m a g i n a r y  a r g u m e n t ,  K v is  the  Macdona ld  funct ion ,  a and 13 a r e  in t roduced  
fo l lowing (2.8). 

F o r  the s h o r t e s t  wave l eng th  c a s e ,  when fi(r 2 - rl)  >> 1, the  d i s p e r s i o n  equa t ion  (3.9) r e d u c e s  to the  f o r m  

2 2 r~ • (~ - -  a ) ~-  {ctI1 (at2) I1 (~re) - -  ~I0 (0r I0 (~r~) } = 0 (3.11) 

In the  sought r e g i o n ,  a s s u m i n g  r2 c lo se  to R0, r z - R 0 -- Xp << R 0, we find the  uns t ab l e  roo t  

= ~ + ~  or ~.2..~ 
2 k z I ~s 2 

(3. 12) 
Ro 

The  m a x i m u m  i n c r e m e n t  of the  s h o r t w a v e  o sc i l l a t i ons  i s  

?max ~ 2v~ 2 / Ro l  

w h e r e  l is the R o s s e l a n d  quantum m e a n  f r e e  path. In the  r e g i o n  fiR 0 >> 1, fiXp << 1 ( a s s u m i n g  that  R 0 >> Xp) Eq. (3.9) has  
no solut ion.  F ina l ly ,  fo r  longwave  o s c i l l a t i o n s ,  when f i r  0 << 1, we find f r o m  (3.9) 

a0 < Ro ~ (3.13) 

Thus the s h o r t w a v e  i n s t a b i l i t i e s  wi th  wave l eng th  l e s s  than the d i s c h a r g e - l a y e r  t h i c k n e s s  have  the l a r g e s t  
i n c r e m e n t .  Howeve r ,  as  we noted p r e v i o u s l y ,  in e x a m i n i n g  the z - p i n c h  such  i n s t a b i l i t i e s  do not p r e s e n t  any g r e a t  
d a n g e r  fo r  the  d i s c h a r g e  as a whole .  The  d a n g e r o u s  longwave  i n s t a b i l i t i e s  wi th  clkz[R 0 << 1 deve lop  c o n s i d e r a b l y  m o r e  
s lowly than  in the  c y l i n d r i c a l  p inch  (for su f f i c ien t ly  l a r g e  R0). 

Ana lys i s  of the m a 0 m o d e s  is  v e r y  compl i ca t ed .  However ,  i n t h e  s h o r t w a v e  l i m i t ,  when [kzIx p >> 1, i t  i s  p o s s i b l e  
to show that  the  i n c r e m e n t  is  independent  of the  az imutha l  n u m b e r  m and has  the  s a m e  f o r m  as in the  z - p i n c h  with  the  
r e p l a c e m e n t  r -  R0, i . e . ,  

72 = 21 ~z I v~ 2 (3.14) 
R0 

A c c o r d i n g  to the  above t h e o r y ,  i t  is p o s s i b l e  to r e a l i z e  an e q u i l i b r i u m  d i s c h a r g e  in a l o w - c o n d u c t i v i t y  p l a s m a  
p rov ided  the  t i m e  f o r  d e v e l o p m e n t  of the  i n s t a b i l i t i e s  i s  l o n g e r  than the  t i m e  f o r  p e n e t r a t i o n  of the  d i s c h a r g e  f i e ld  into 
the  p l a s m a ,  i . e . ,  

~4g%al ~ < c 2 (3.15) 

F o r  the  c y l i n d r i c a l  d i s c h a r g e  a I = rp  y ~ v s / r p ;  fo r  the i n v e r s e  p inch  a i ~ Xp, y ~ v s / R  0. 

The  du ra t i on  of the  e x i s t e n c e  of the  e q u i l i b r i u m  s ta te  i s  d e t e r m i n e d  by the  in s t ab i l i t y  d e v e l o p m e n t  t i m e s .  In t he  
s i m p l e  z - p i n c h  at t e m p e r a t u r e s  T ~ (3-10)  eV and r ad ius  rp  ~ 2 - 3  cm the  ins tab i l i ty  d e v e l o p m e n t  t i m e  ~'1 ~ 10-5 s e e  = 
10 psec .  L a r g e  v a l u e s  of rp  a r e  not a c h i e v a b l e  b e c a u s e  of v io l a t ion  of condi t ion  (3.15). As fo r  the  i n v e r s e  p inch ,  i t  can  
be  ma in t a ined  fo r  a f a i r l y  long t i m e  T 2 ~ R0/v  s z 50-100 psec  as a r e s u l t  of the  l a r g e  va lue  of R 0. In combina t i on  wi th  
the  l a r g e  r ad ia t ing  s u r f a c e  th i s  m a k e s  it  p o s s i b l e  to c o n s i d e r  the  r e v e r s e - c u r r e n t  d i s c h a r g e  as a p o s s i b l e  p l a s m a  
l ight  source .  
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