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In pulsed plasma accelerarors of various configurations it is frequently 
possible to observe an instability of the current sheet characterized 
by separation imo individual narrow channels (local "pinches"). In 
this paper the flow of plasma over these channels is qualitatively in- 
vestigated. It is shown that a large part of the discharge current can 
flow through a series of narrow channels only when they completely 
decelerate the plasma flow. This places upper and lower bounds with 
respect to pressure on the region of existence of the pinch structure, 
if it is assumed that deceleration by the magnetic field predominates 
over viscous deceleration. The upper bound is obtained from the con- 
dition of deceleration of the plasma by the magnetic field near the 
pinches, the lower bound from the condition that the ratio of specific 
heats of the gas y must be small. As the initial gas pressure decreases. 
so does the plasma deceleration time. but the characteristic times of 
the excitation and ionization processes increase; therefore the condition 
y ~- I ceases to be satisfied. The results are compared with experiment. 
The induced currents in the plasma near the pinches are also a reason 
for the stability of the network of current filaments. 

According to [1] a pulsed high-current discharge in a low-pressure 
gas develops as follows. After breakdown and the attainment of a 
certain uniform value of the gas conductivity the current continues to 
increase only in a surface layer (skin effect), which, if the particle 
density is sufficient, acts as an impermeable piston on the gas in front 
of it ("snowplow" model). Clearly. to judge from the collapse time 
of the current cylinder [2], this gives a good picture of the situation 
in the Z pinch. However, in coaxial and rail guns the gas is by no 
means always completely raked up by the current sheet (see, for ex- 
ample, [3]). This is also indicated by the observed broad spectrum of 
plasmoid velocities. 

It has been noted in high-speed photographs of pulsed discharges 
of very different Configurations (Z and 0 pinches, coaxial and rail 
plasma guns) that the current sheet is often divided into a series of 
channels [4-12], through which the main current flows. This follows 
from their high acceleration as compared with the rest of the plasma 
[4, 5], from the arrangement of the cathode spots along the electrodes, 
and from the large value of the plasma density in the channels [11]. 
This effect is well reproduced from discharge to discharge. 

Experiments with the Z pinch [7] have shown that the division of 
the current sheet into pinches has almost no effect on its velocity, 
which is in good agreement with calculations based on the "snowplow" 
model, although the diameter of the channels (determined, it is true. 
from the luminescence distribution and not the current density) is 
much less than the distance between them. On the other hand, in rail 
guns the pinches only slightly entrain the gas filling the tube [11]. The 
surface Iayer pinch instability is observed in the pressure range from 
several mm to severat/~ Hg [9]. Both pressure limits depend heavily 
on the nature of the gas in which the discharge takes place, the upper 
limit being approximately inversely proportional to the molecular 
weight of the gas [9]. In a rail gun at low initial gas press~es (p < 
< 20 ~ Hg) pinches appear at some optimal rate of gas release from the 
electrodes and the walls [12]. 

A uniform transverse magnetic field has only a slight influence on 
the pinches, since it is smaller in magnitude than the magnetic field 
of the pinches themselves [11]. A transverse magnetic field nonuniform 
along the length of the pinches causes them to decay, if the magnitude 
of the external field is comparable with the pinch field. Pinch decay 
was observed by the author in a rail gun when one of the electrodes was 
cut out so that on a certain section of the rail its transverse dimension 
was reduced to the diameter of the pinch, which was much less than 
the distance between electrodes (this setup was described in [11]). 

The instability of a plane current sheet in a plasma has been dem- 
onstrated on several occasions [13, 14]. Under experimental conditions 
the "pinches" move through the plasma. Therefore we will consider 
the case when a considerable part of the discharge current flows through 
a seriesof narrow channels (assuming that for this case the conductivity 
of the pinches is infinite). 

We a s s u m e  t h a t  a p l a n e  s u r f a c e  l a y e r  h a s  b r o k e n  

down into  a s e r i e s  of  i d e n t i c a l  c u r r e n t  c h a n n e l s  ( p i n -  

ches )  o v e r  w h i c h  f l o w s  a c o m p r e s s i b l e  g a s  of c o n s t a n t  

c o n d u c t i v i t y  (r0. T h e  f i g u r e  s h o w s  the  m a g n e t i c  l i n e s  

of  f o r c e  a r o u n d  and  b e h i n d  the  p i n c h e s .  T h e  p i n c h e s  

a r e  d i s t r i b u t e d  in t h e  p l a n e  zOy; t h e  d i r e c t i o n  of  the  

c u r r e n t  in t h e m  i s  p a r a l l e l  to  t h e  z a x i s .  T h e  p l a s m a  

o c c u p i e s  t he  h a l f - s p a c e  x < l and  m o v e s  a l o n g  the  x 

a x i s .  T h e  to t a l  d i s c h a r g e  c u r r e n t  is  a s s u m e d  c o n s t a n t .  

In t he  p l a s m a  b e h i n d  t h e  p i n c h e s  t h e r e  is  i n d u c e d  an 

e l e c t r o m o t i v e  f o r c e  w h o s e  d i r e c t i o n  c o i n c i d e s  wi th  

t h e  d i r e c t i o n  of  t he  c u r r e n t  in t he  p i n c h e s ;  t h e r e f o r e  

t h e r e  is  a r e d i s t r i b u t i o n  o f  t he  c u r r e n t  b e t w e e n  the  

p i n c h e s  and  t h e  p l a s m a .  Mak i n g  c e r t a i n  a s s u m p t i o n s  

w i th  r e s p e c t  to  t he  p l a s m a  m o t i o n ,  we  wi l l  f ind  the  

c o n d i t i o n s  u n d e r  w h i c h  a c o n s i d e r a b l e  p a r t  of the  to ta l  

d i s c h a r g e  c u r r e n t  can  f l o w  t h r o u g h  the  p i n c h e s .  

T h e  b o u n d a r y  c o n d i t i o n s  a r e  

E = H  = 0 ,  V =  Voi 

P = Po, P = P o  w h e n x = - -  oc. 

At  t h e  s u r f a c e  of t he  p l a s m a  

l I  = tIuj (II o = const) 

p - -  p = 0  when  x - ~  l ( l ~ d ) .  

T h e  m a g n e t i c  p r e s s u r e  is  m u c h  g r e a t e r  than  the  

g a s - k i n e t i c  p r e s s u r e  of  t he  u n p e r t u r b e d  p l a s m a  H0~/ 

/87r >> P0. 
We a s s u m e  t h a t  a t  a c e r t a i n  d i s t a n c e  f r o m  the  

p i n c h e s  x > ll (d < l l  << l), a s  a r e s u l t  of the  v i s c o s i t y  

and  d e c e l e r a t i o n  of  the  p l a s m a  by  the  m a g n e t i c  f i e l d  

i t s  m o t i o n  is  o n e - d i m e n s i o n a l .  

We wi l l  e s t i m a t e  t he  p l a s m a  v e l o c i t y  b e h i n d  t h e  

p i n c h e s  l l  -< x <-l ,  a s s u m i n g  tha t  it  d o e s  not  d e p e n d  on 

x and t h a t  t he  c u r r e n t  d e n s i t y  is  c o n s t a n t :  

H =  H~-i- (Ho - -  Ht) (x - -  l ~ ) / ( l - -  l~) 

(H~ = H (l~) > ~/2 Ho).  

F r o m  t h e  e q u a t i o n  of  t h e  m a g n e t i c  f i e l d  

OH / dt + 0 (VII) / Ox = c ~- (4n%)-lO'2H / Ox 2, 
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it  fo l lows that  

OH / Ot = - -  V~OH / Ox . 

Then,  a s s u m i n g  that  n e a r  the p inches  OH/Ot is  of 
the s a m e  o r d e r ,  we i n t e g r a t e  the e x p r e s s i o n  for  the 
c u r r e n t  dens i t y  

] = c (4n) -1 OH / Ox = ~o (E~ + c -WI I )  

(E~=  c -~ i O H . / a t d x )  

with r e s p e c t  to x f r o m  11 to l.  
Th is  g ives  H0 - H1 = 4~rc-~GoVtHj/; consequent ly ,  

47rc-2GoVl/ < 1. Equat ing  this  with the condi t ion of s u r -  
f a ce  l a y e r  f o r m a t i o n  in the  p l a s m a  4~rc-Za0RV0 >> 1, 
w h e r e  R is  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  
and R/V0 the c h a r a c t e r i s t i c  t i m e  of the  c u r r e n t  s h e e t  
c o l l a p s e  p r o c e s s ,  and c o n s i d e r i n g  that  l / V 1  ~-" R/V0, 
we obta in  I << R and VI << V0, the  condi t ion  of to ta l  
d e c e l e r a t i o n  of the p l a s m a  f lowing o v e r  the p inches .  
Taking  into account  the i n c r e a s e  in p l a s m a  conduc-  
t iv i ty  as  a r e s u l t  of hea t ing  dur ing  d e c e l e r a t i o n  only 
s t r e n g t h e n s  the  l a t t e r  inequal i ty .  

We a l so  a s s u m e  that  the  c h a r a c t e r i s t i c  t i m e  At of 
v a r i a t i o n  of the  p a r a m e t e r s  of the p l a s m a  and the f ie ld  
n e a r  the p inches  x < l l ,  w h e r e  d e c e l e r a t i o n  ma in ly  
t a k e s  p lace ,  is  of the  s a m e  o r d e r  as  o r  g r e a t e r  than 
the time of the entire process At ~ R/V0. We may then 

assume that the deceleration of the plasma is station- 

ary, since the deceleration time 7 ~ ll/V0 is much 

less than the time At: 7 ~/I/V0 << R/V0 ~ At. 

The plasma velocity V0 is assumed to be such that 

the force accelerating the pinches 

t ( in)  2 dL ( Ho ~ ,,d 
F :  ~ ~ ~ \T) -8~- 

Cons ide r ing  that  V 1 << V0 and, consequent ly ,  
d V l / d t  ~ V1V0/R << V02/R, f r o m  the equat ion of mot ion  
fo r  the  p l a s m a  behind  the p inches  x m l 1 we obtain 

poBdV, / dt = p j - -  (Ho ~ - -  Ha 2) / 8~ ~ poVn ~. 

F r o m  Eqs. (1) and this  inequa l i ty  it  fo l lows that  

,Ho 2 T - -  t V~ 
p,)Vo~ = s~ ,  2~. ~" -~-TKo " ~ l ,  (2) 

i. e . ,  the  r a t i o  of spec i f i c  hea t s  of the gas  mus t  be  
quite small y ~ i. 

I 

i t #'t) 

The p inches  c r e a t e  i nhomogene i t i e s  in the p l a s m a  
f low with c h a r a c t e r i s t i c  d imens ion  along the y axis  of 
the  o r d e r  of the  d i s t a n c e  be tween  p inches  d; t h e r e f o r e  
c u r r e n t s  in the  p l a s m a  l oc a t e d  behind the p inches  at 
a d i s t a n c e  g r e a t e r  than d cannot  c r e a t e  a m a g n e t i c  

f i e ld  in the r eg ion  of the  p inches  c o m p a r a b l e  with H0 
and e x e r t  an a p p r e c i a b l e  d e c e l e r a t i n g  inf luence  on 
them,  i . e . ,  the  f o r c e  a c c e l e r a t i n g  the p inches ,  which 
is a s s u m e d  g r e a t e r  than (H0/2)-2/8~r, i s  ba l anced  by 
the r e a c t i o n  of the  p l a s m a  at  a d i s t a n c e  of the o r d e r  
of o r  l e s s  than d f r o m  the p inches  and equal  to 

f l "~ [ H~ d / .  .% Ti j •  ] ~ ~3 = ~-V: 'H":  , 

(where  I is  the p inch  c u r r e n t ,  n is  the n u m b e r  of p inches ,  
and d L / d x  i s  the inductance  of unit  length  of the e l e c -  
t r o d e s )  is  ba l anced  by  the d e c e l e r a t i n g  f o r c e  a s s o c i a t e d  
with the p l a s m a  flow. The r a d i u s  of the  p inches  is  a s -  
s u m e d  to be  su f f i c ien t ly  s m a l l  as  c o m p a r e d  with the 
d i s t a n c e  be tween  them (r  << d), for  it  to be p o s s i b l e  
to neg lec t  v i s cous  d e c e l e r a t i o n  of the p l a s m a  at  the  
s u r f a c e  of the p inches  as  c o m p a r e d  with the induct ive  
d e c e l e r a t i o n  of the p l a s m a  by  the m a g n e t i c  f ie ld .  By 
th is  we unde r s t and  the i n t e r a c t i o n  be tween  the e x t e r -  
nal  m a g n e t i c  f i e ld  and the c u r r e n t s  induced in the 
p l a s m a  as it  m o v e s  in that  f ie ld .  Thus,  the magne t i c  
pressure H02/8~ acts only on the plasma. 

If we neglect the heat flow from the pinches to the 

plasma and radiative heat transfer as compared with 

the flow of kinetic and internal energy and assume 

that the ratio of specific heats of the gas is constant 

T = const, then for a stationary plasma flow the laws 

of conservation of energy, momentum, and mass for 

x = _oo and x = It can be written in the form 

t'in . T ro V{ 2- '~ p~ 
~ ' T - ' 1  P1 

90]702 = HI 2 /8~  -~ Pl -~ p1V1 ~, poVo : pIV1 �9 (1) 

w h e r e  the  i n t e g r a l  is  t aken  o v e r  the a r e a  - k g / 2  -< 
<- x -< k d / 2 ,  - d / 2  -< y -< d /2  (k is  a coef f i c ien t  of the 
o r d e r  of unity).  An e s t i m a t e  of the i n t e g r a l  f r om the 
m a x i m u m  g ives  

I ( Iv  • H] x U 'x y < < "'' ''cw) rod, c'-' . , )  

and, consequent ly ,  k8~c-2GoV0d > 1. 
A f t e r  e l im ina t i ng  V0 f r o m  this  inequal i ty ,  us ing  (2), 

we obta in  

po'/'- ~ k (8~)'" c-~%Hod �9 (3) 

Thus,  d e c e l e r a t i o n  of the p l a s m a  by  the magne t i c  
f i e ld  of the p inches  t akes  p l a c e  only at  a suf f ic ien t ly  
s m a l l  gas  dens i ty .  F r o m  this  t h e r e  a l so  fo l lows the 
e x i s t e n c e  of a m i n i m u m  d i s t a n c e  be tween  p inches ,  and, 
consequent ly ,  a m a x i m u m  n u m b e r  of p inches ,  which 
is p r o p o r t i o n a l  to H0 o r  the  d i s c h a r g e  cu r r en t .  

The  p r e v i o u s l y  ob ta ined  condi t ion  y ~ 1 is,  in fact ,  
the l ower  bound of the r e g i o n  of ex i s t ence  of the p inches  
with r e s p e c t  to gas  dens i ty ,  s ince  to s a t i s fy  y ~ 1 the 
c h a r a c t e r i s t i c  t i m e  of the exc i t a t ion  and ion iza t ion  
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p r o c e s s e s  m u s t  be  s m a l l  as  c o m p a r e d  w i t h  th4 p l a s m a  
d e c e l e r a t i o n  t i m e  T i << d/V0 = (Szr)l /2dHo-lpo 1/2. T h e  

c h a r a c t e r i s t i c  i o n i z a t i o n  t i m e  i s  i n v e r s e l y p r o p o r t i o n a l  
to  t h e  a t o m  c o n c e n t r a t i o n ,  t he  i o n i z a t i o n  c r o s s  s e c t i o n ,  
and  t h e  e l e c t r o n  v e l o c i t y  

r e *  

H e r e ,  f ( v  e) i s  t he  e l e c t r o n  v e l o c i t y  d i s t r i b u t i o n  
func t ion ;  (1/2)reeVe2 = E i i s  the  i o n i z a t i o n  e n e r g y .  

T h e r e  i s  an  a n a l o g o u s  e x p r e s s i o n  f o r  e x c i t a t i o n  p r o -  

c e s s e s .  When  on ly  e l a s t i c  c o l l i s i o n s  a r e  t a k e n  in to  

accoun t ,  t h e  e l e c t r o n  t e m p e r a t u r e  of t he  d e c e l e r a t e d  

p l a s m a  i s  p r o p o r t i o n a l  to t he  s q u a r e  of  t h e  v e l o c i t y  V0 

and  t h e  a t o m i c  w e i g h t  of t h e  i ons  M, bu t  the  p r o d u c t  

(giv e) h a s  a m a x i m u m  wi th  i n c r e a s e  in e l e c t r o n  t e m -  

p e r a t u r e  ( g i V e ) , ;  t h e r e f o r e  f o r  t h e  d e n s i t y  we  h a v e  
t h e  l o w e r  b o u n d  

MHo p:/.>~ < ~ .  (4) 

W h e n  the  k i n e t i c  e n e r g y  of  t h e  a t o m s  (1/2)MV02 i s  

l e s s  t han  t h e  e n e r g y  of t h e  e l e c t r o n s  at  w h i c h  ei(Ve) 
h a s  a m a x i m u m ,  f o r  e s t i m a t i n g  p u r p o s e s  i t  i s  b e t t e r  

to t ake  an e l e c t r o n  t e m p e r a t u r e  in e x p r e s s i o n  (4) equa l  

to t h e  t e m p e r a t u r e  of  t h e  d e c e l e r a t e d  p l a s m a  wi th  

a c c o u n t  f o r  e l a s t i c  c o l l i s i o n s  only .  

T h i s  v a l u e  of t he  m i n i m u m  d e n s i t y  is  m u c h  too low, 

s i n c e  b e a t i n g  of t he  p l a s m a  e l e c t r o n s  due  to d e c e l e r -  

a t i o n  m a y  i n c r e a s e  the  p l a s m a  c o n d u c t i v i t y  to v a l u e s  

c o m p a r a b l e  w i th  the  c o n d u c t i v i t y  of  t he  p i n c h e s ,  and, 

to j u d g e  f r o m  the  m e a s u r e d  v a l u e  of t he  t e m p e r a t u r e  

in t he  p i n c h e s  [11], t h i s  o c c u r s  l ong  b e f o r e  the  g a s -  

k i n e t i c  p r e s s u r e  in t he  d e c e l e r a t e d  p l a s m a  b e c o m e s  

equa l  to t he  m a g n e t i c  p r e s s u r e  Hoz/Srr. T h e r e f o r e  we  

wi l l  ob t a in  the  m i n i m u m  d e n s i t y  m o r e  a c c u r a t e l y  if  

in t h e  r i g h t  s i d e  of i n e q u a l i t y  (4) we  s u b s t i t u t e  the  

t e m p e r a t u r e  of  t he  e l e c t r o n s  in the  p i n c h e s .  In o r d e r  

f o r  a l a r g e  p a r t  of t h e  m a i n  c u r r e n t  to  f l ow t h r o u g h  

t h e  p i n c h e s ,  t h e i r  r e s i s t a n c e  m u s t  be  of the  s a m e  

o r d e r  a s  o r  l e s s  t h a n  the  r e s i s t a n c e  of  t h e  d e c e l e r a t e d  

p l a s m a  e r r  2 ~ c r iRdVi /V0,  w h e r e  ~ and r a r e  t h e  c o n -  

d u c t i v i t y  and  r a d i u s  of the  p i n c h e s ,  cri t h e  c o n d u c t i v i t y  

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

d e c e l e r a t i o n  VI/V0 << 1 t h i s  c o n d i t i o n  wi l l  b e  s a t i s f i e d  

w h e n  t h e  c o n d u c t i v i t y  of  t h e  p i n c h  p l a s m a  is  no t  m u c h  

g r e a t e r  t han  the  c o n d u c t i v i t y  of t he  d e c e l e r a t e d  p l a s m a .  

A h e a d  of  t h e  p i n c h e s  x << - d t h e  c u r r e n t  i s  equa l  to 

z e r o ,  s i n c e E = H = 0 .  

T h e  r e l a t i o n  o b t a i n e d  V1 << V0 a l s o  r e l a t e s  to t he  

c a s e  Were  >> 1 (We i s  t he  L a r m o r  f r e q u e n c y  of  t h e  

e l e c t r o n s  and  r e  is  t he  t i m e  b e t w e e n  c o l l i s o n s ) ,  s i n c e  

in t he  p l a s m a  b e h i n d  t h e  p i n c h e s  t h e r e  i s  no Hal l  c u r -  

r e n t  (ix = 0). But,  g e n e r a l l y  s p e a k i n g ,  n e a r  t h e  

p i n c h e s  t he  Hal l  c u r r e n t  i s  no t  z e r o ;  t h e r e f o r e  c o n -  

d u c t i v i t y  a n i s o t r o p y  c a n  on ly  s t r e n g t h e n  i n e q u a l i t y  (3). 

F o r  t he  d e c e l e r a t i o n  of  a w e a k l y  i o n i z e d  p l a s m a ,  

in w h i c h  t h e  a t o m i c  m e a n  f r e e  p a t h  is  l a r g e  a s  c o m -  

p a r e d  wi th  d, the  k i n e t i c  e n e r g y  of  t h e  a t o m s  m u s t  b e  

s u f f i c i e n t  f o r  t h e i r  i o n i z a t i o n  (1/2)MV02 > E i o r  the  m a g -  

n e t i c  f i e l d  m u s t  b e  s u f f i c i e n t l y  s t r o n g  H02 > 167rP0Ei M-1.  

Experimental investigation of the Z pinch [7] has revealed good 
agreement with the value of the current sheet velocity calculated 
from the "snowplow" model, irrespective of whether the current 
sheet is homogeneous or consists of separate channels. The drag of 
the gas flow can be neglected, since r << d. The viscous deceleration 
is also small (NRe >> 1), whereas numerical estimates employing dis- 
charge parameters taken from [6-9] show that the region of existence 
of the pinches satisfies inequalities (a) and (4) obtained from the con- 
dition of total deceleration of the plasma by the magnetic field of 
the pinches. According to [9], this region is bounded by the pressures: 
0.5 > P0 > 0.1 mm Hg in oxygen and nitrogen, 10 > P0 > 0.5 mm Hg 
in hydrogen, 0.1 > P0 > 0.025 mm Hg in argon, and 1 > P0 > 0.5 mm 
Hg in helium. In accordance with(a), the upper limit is approximately 
inversely proportional to the molecular weight of the gas. The lower 
preSsure is less for gases with a large molecular weight and large 
ionization cross section (argon) and correspondingly greater for light 
gases with small ionization cross sections (hydrogen and helium). 
Numerical estimates for argon are presented below. 

The basic discharge parameters of [6-9] are: tube diameter 2R = 
= 15 cm, tube length 62 cm, the maximum current in the first half- 

S . - 6  
period was about 2.10 A and was reached in about 3.10 sec, the 
number of pinches n ~- 10 ([7], Fig. 1). We will take all the discharge 
parameters at the moment when the current sheet is at a sufficient 
distance from the wails andhas a radius 0.TR ([7], Fig. 2) (closer to 
the axis the accuracy of the pinch velocity and position measurements 
decreases). The distance between pinches, the total discharge current, 
and the magnetic field have the following values: 

d =  2~t 0.7 Rn - I =  3.3cm, In =t.3.10~A 

H o = 2c -1 In (0.7 /r = 5.24.i0Soe . 

The plasma conductivity was not measured; therefore we will esti- 
mate it from the condition of surface laver formation o 0 >> cZ(4~r)-lT x 

- 2  12 . " - S  . x R =5"10 CGSEumts, whereT ~ 4 . 1 0  sec ~s the current sheet 
collapse time, We assume that o 0 = 5cZ(41r)-lTR -2 = 2.5" 10 Is CGSE 
units, which corresponds to the conductivity at an electron temperature 
of about 2.5 eV. Substituting for o 0, d, and H 0 in (3), weobtain P0 < 
< 5.5 �9 10 -6 g. cm -s. The density of argon at an initial pressure 0.1 mm 
Hg is P0 = 2.35.10 -7 g . cm -s. 

At the minimum argon pressure P0 = 0.025 mm Hg the characteristic 
ionization time r i must be small as compared with the plasma decel- 
eration time r i << d/V0 ~ t .4.10 -s sec. In theSe experiments the pinch 
plasma temperature was not measured; therefore we will estimate ri 
at an electron temperature equal to the plasma stagnation temperature. 

s 
The pinch velocity V0 = 2.3. :tO cm/sec, observed at this pressure, 
corresponds to a kinetic energy of the argon atoms equal to about 
l l0  eV; therefore during the deceleration time the argon is triply 
ionized, and the deceleration temperature is equal to about 4.10 ~~ K. 

When the electron temperature is sufficiently small kTe << El, the 
ionization cross section can be used in the form oi(Ve) ~ C(1/2meVe s -  
- Ei). Integration of the expression for r i gives 

i [8kTe\l/ ,  ( E~)  

Substituting the value of the ionization energy of argon E i = 

= 15.7 eV. the inelastic collision cross section constant C = 0.7 em -I �9 

�9 V" mm Hg -I [15], pressure P0 = 0.025 mm Hg, and Te = 5. l0 s~ K, 

we obtain Ti = 2.2. I0 sec. If we assume that double and triple ion- 

ization of argon takes place in steps and that the slowest process is 

transition from the ground state to the first excited state, the ionization 
time for Ar + and ArZ+is of the same order, since the first excitation 
potentials of At + and At z+ ate small (about 15 eV), and the constants 
of the excitation cross section are usually of the same order�9 Since r i 
decreases rapidly as Te increases, the electron temperature cannot 
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greatly exceed the argon stagnation temperature with accouter for ion- 
ization; therefore )/may be assumed small. 

When conditions (3) and (4) are not satisfied, the time of existence 
of the pinches into which the plane current sheet is divided is small as 
compared with the time of the process R/V0; consequently, in these 
pressure ranges the instability of the current sheet is chiefly manifested 
as an erosion in the direction of motion. 

The pinches break down as a result of the decrease in the current 
in them created by the plasma through which the pinches move when 
it is incompletely decelerated. This applies mainly to 0 pinches, 
where the currents are closed in the plasma, and also to Z pinches and 
linear plasma accelerators at a sufficiently large initial pressure and 
capacitor voltage. However, it is known [16, 17] that at low pressures, 
small interelectrode spacings, and short voltage pulses the voltage 
associated with an arc discharged through a gas is large in the presence 
of considerable ionization. If we assume that the electric field of the 
space charges near the electrodes is compensated by the induced emf 
c -i [VIII, so that the total current to the electrodes through the plasma 
flowing over the pinches becomes negligibly small (the plasma is iso- 
lated from the electrodes and the pinches), and consider only closed 
currents in it, then, generally speaking, complete raking up of the 
plasma by the pinches is not absolutely necessary [11]. In linear ac- 
celerators, where the voltage between the electrodes is not sufficient 
for an arc discharge through the plasma surrounding the pinches, the 
cIosed currents flow mainly near the pinches; therefore the pinch 
structure of the current sheet may be the reason for a broad spectrum 
of velocities in the plasmoid, as in [11]. 

According to Eamshaw's theorem [18] the current channels cannot 
be in stable equilibrium under the action of magnetic forces alone. But 
experiment shows that the network of current filaments is quite stable 
throughout the entire process of collapse of the current sheet [5, 6]. 
This stability may be associated with the induced currents in the plasma 
flowing over the pinches. As the distance between two pinches in- 
creases, as compared with the mean, the fraction of plasma decelerated 
behind them increases, i. e., between these pinches there appears a 
supplementary current whose direction coincides with the pinch current, 
which means an additional force attracting the pinches. 

In c o n c l u s i o n ,  t h e  a u t h o r  t h a n k s  A. K. M u s i n  f o r  

h i s  h e l p f u l  s u g g e s t i o n s .  
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