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It is well known that, due to the absence of generation of charged particles of a gas d ischarge  plasma on 
cold electrodes near the lat ter ,  layers  are  formed with propert ies  which differ significantly f rom the proper -  
ties of a column [1]. An appreciable voltage is applied to these layers ,  which in some cur ren t  range drops off 
as the cur ren t  density increases .  Engel and Stenbeck, who have calculated the near-cathode v o l t - a m p e r e  cha r -  
aeter is t ic ,  have postulated that the section on this charac te r i s t ic  with a negative differential res i s tance  is 
unstable. The compress ion  of the discharge on the cathode which occur red  in the experiment was associated 
with the development of this instability. This phenomenon is called the law of normal  cur rent  density in the 
l i t e r a t u r e -  as the cur ren t  inc reases ,  the emitting region on the cathode expands, so that the cur ren t  density 
remains constant and equal to the normal  cur rent  density. 

Nonuniform burning of the discharge is also observed on the anode, although here the phenomenon oc-  
curs somewhat differently and has been investigated less r igorously  [2]. It is shown analytically and numer-  
ically in [3] that the near-anode v o l t - a m p e r e  charac te r i s t i c  (VAC) has, just as does the near-cathode one, a 
section with negative differential res is tance .  

The phenomenon of cur rent  lacing on the electrodes is interest ing f rom the physical standpoint and is 
also important  in practical  applications of a glow discharge:  gas -d i scharge  devices,  powerful gas lasers ,  and 
so on. In the latter ease cur ren t  lacing on the electrodes can be the cause of cur ren t  lacing inthe volume, which 
limits the power of the devices.  Various technical means are  used to control  this phenomenon; for example, 
one may subdivide the electrodes [4]. 

A theory of the cur ren t  lacing which is compulsory  for the presence of a section with negative differential 
res i s tance  on the VAC has been created,  for example, for semiconductors  with an S-like charac te r i s t i c .  The 
important  feature of the problem under discussion here consists  of the fact that as the cur ren t  increases  not 
only does the near -e lec t rode  drop increase  but also the thickness of the near -e lec t rode  layer  increases .  The 
lat ter  c i rcumstance  makes the problem essential ly two-dimensional ,  which significantly complicates its solu-  
tion. 

This paper is devoted to a numerical  investigation of the theoretical  possibility of cur ren t  lacing on the 
cathode due to taking account of ionization, recombination,  and the drift  of charged part icles through the field. 
This eliminates the need to confine ourselves to a specific experimental  situation, and in par t icular  permits 
treating the two-dimensional problem in plane geometry ,  which simplifies the calculations.  The time it takes 
to do the calculation will depend on to what extent the effects of interest  to us are  exhibited. 

Statement of the Problem. The phenomenon of breakdown and the development of a discharge between 
two plane electrodes is investigated in this paper by the numerical  integration of the t ime-dependent two-di-  
mensional sys tem of equations which descr ibes  the motion of electrons and ions in a se l f -consis tent  electr ic 
field with ionization and recombination processes  taken into account. It is assumed that the t r ansver se  dimen- 
sions of the electrodes are much la rger  than the distance L = 1 em between the electrodes.  The volume of the 
interelectrode gap is filled with nitrogen at a p ressu re  p = 666.6 Pa. The choice of this p ressu re  is re!ated to 
the need to maintain the thickness of the near -e lec t rode  layer  on the cathode (in the normal  burning regime [5]) 
at a level no less than 0.1 L: the constraint  ar ises  due to the finite number of nodes in the numerical  modeling 
by the f ini te-difference method. 

We will introduce a car tes ian  coordinate sys tem whose two axes Oz and Oy lie in the plane of the cathode, 
and the Ox-axis is directed f rom the cathode to the anode. Neglecting edge effects,  we will assume that the 
discharge is uniform in z and periodic in y with the period 2L. Then one can proceed to considerat ion of the 
working volume of a capaci tor  having dimensions along the axes Ox, Oy, and Oz equal to L, 2L, and L, r e -  
spectively,  which is included in a circui t  with a voltage source  ~" and an external res i s tance  R = 250 kSZ. 
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We have  the fo l lowing  e q u a t i o n s  fo r  the c o n c e n t r a t i o n s  of the e l e c t r o n s  n e and  ions  n i wi th  the d r i f t  of 

p a r t i c l e s  a!ong the e l e c t r i c  f i e l d  t a k e n  into a c c o u n t  [5]: 

0% (1) 
ot 4- a i r  ]e = ~ ] e - -  ~n~n~,~ 1~ = ~J~Vq% 

Onl 
0-T ~- div ]i = oqe - -  ~nen~, ]i = -- ,~iniv~.~ (2) 

where ~ is the first Townsend coefficient for nitrogen [5], fi = 2 �9 10 -7 c m 3 / s e e  is the recombination coeffi- 
cient, and #e = 0.88 �9 105 c m 2 / ( s e c  �9 V) and t~i = 290 c m 2 / ( s e c  �9 V) are the mobility coefficients of the electrons 
and ions, respectively. The system of Eqs. (1) and (2) is supplemented by boundary conditions on the cathode 
and the anode 

U~ - -  '~A)l==o = O, ]~ l==c = 0,. ( 3 )  

where ;i is the coefficient of secondary emission of electrons from the cathode. The distribution of the potential 

~v of the electric field is found from Poisson's equation, which is solved together with the boundary conditions 

on the electrodes and the lateral boundaries of the chamber: 

A~p = --~(n~ - -  n~); (4) 

a~ L a__~ i 
~p(0, g ) = 0 ,  ~ = •  ep(L,g)=U, -c't" oz ~LLdg=eO" (5) 

Here a - 1.81 �9 10 -6 V/era, U is the voltage on the discharge in volts, and Q is the amount of electrons ac- 

cumulated on the anode plate as a result of the imbalance between the current to the anode from the discharge 

and the current in the external circuit. The quantity Q is found as a result of integration of the ordinary dif- 
ferentia[ equation 

L 

dO t019 ~" --  U 
dt 1,6 R d it (L, g) Ldg. (6) 

a L  

A n a r r o w  l a y e r  of n e u t r a l  p l a s m a  of v a r i a b l e  d e n s i t y  wi th  i ts  m a x i m u m  on the s y m m e t r y  ax i s  of the  c h a m b e r  
was  a r r a n g e d  a long the ca thode  at  the  i n i t i a l  i n s t a n t  of t i m e  to i n i t i a t e  the  d i s c h a r g e :  

n~lt=o = n,[t=o = tO s cos (ng/2L). 

The vo l t age  on the  c a p a c i t o r  was  a s s u m e d  to be equal  to z e r o ,  i . e . ,  QIt= 0 = 0. P r e v i o u s l y  [6] the  phenomenon  
of b r e a k d o w n  be tween  a p lane  and a poin t  was  i n v e s t i g a t e d  wi th in  the  f r a m e w o r k  of the  s y s t e m  of Eqs .  (1)- (5), 
and the  r e s u l t s  w e r e  c o m p a r e d  wi th  a n a l y t i c  d e p e n d e n c e s .  

The r e s u l t s  of c a l c u l a t i o n s  p e r f o r m e d  f o r  two v a l u e s  of the  p o w e r  supp ly  vo l t a ge  ~ = 500 and 700 V wi th  
an e x t e r n a l  load  r e s i s t a n c e  R = 250 k~t and the o t h e r  cond i t ions  r e m a i n i n g  the s a m e  a r e  ou t i ined  in th is  p a p e r .  
The va lue  ~ = 500 V c o r r e s p o n d s  to a p p r o x i m a t e l y  10% of the  o v e r v o l t a g e  wi th  r e s p e c t  to the b r e a k d o w n  v a l u e  
d e t e r m i n e d  in a c c o r d a n c e  w i th  P a s c h e n ' s  c r i t e r i o n  [5]. The cho i ce  of the  r e s i s t a n c e  R was  d i c t a t e d  by the need 
to ob ta in  a va lue  of the  to ta l  c u r r e n t  I such  tha t  the  a v e r a g e  v a l u e  of the  c u r r e n t  d e n s i t y  on the c a t h o d e  I / 2 L  2 
would  be l e s s  than the n o r m a l  c u r r e n t  d e n s i t y  in. In a c c o r d a n c e  wi th  the t h e o r y  of Enge l  and S t enbeek ,  Jn = 2.8 
m A / c r n  2 fo r  ou r  p a r a m e t e r s  [5]. Spec i fy ing  the  expec t ed  a v e r a g e  c u r r e n t  d e n s i t y  to be  f ive  t i m e s  s m a l l e r  and 
b e a r i n g  in mind tha t  the  v o l t a g e  on the d i s c h a r g e  fo r  s m a l l  pL is  d e t e r m i n e d  m a i n l y  by the n e a r - e l e c t r o d e  d r o p  
of a p p r o x i m a t e l y  250 V, we  ob ta in  the n e c e s s a r y  v a l u e  of the  r e s i s t a n c e  R. In the  s e c o n d  c a s e  (for F = 700 V) 
the  expec t ed  v a l u e  of the  to ta l  c u r r e n t  shou ld  i n c r e a s e  by a f a c t o r  of two. Thus the  a v e r a g e  c u r r e n t  d e n s i t y  in 
the  c a p a c i t o r  fo r  both  a l t e r n a t i v e s  w i l l  be  l e s s  than the n o r m a l  v a l u e ,  and i t  c o r r e s p o n d s  to the  d e c l i n i n g  s e c -  
t ion  of the  VAC. 

The Breakdown Phenomenon and Entering the Quasistationary Regime 

I. After the capacitor is switched into the circuit the voltage on the discharge reaches its maximum 
value, which is equal to ~, in a time of the order of 0.I ttsec, i.e., the capacitor plates are charged and a 
uniform electric field is established in the volume. The burning stage, which occurs with a practically con- 

stant electric field, directly precedes the breakdown phenomenon, which is accompanied by a sharp increase 
in the total current and the formation of a near-cathode layer. With ~ = 500 V this weak-current stage is 

realized over a period of almost 20 ttsec in view of the insignificant amount by which the breakdown voltage 
is exceeded. The stage of formation of near-electrode layers and the subsequent quasisteady course of the 
process are of the greatest interest. The breakdown of the capacitor occurs in a qualitatively identical way. 
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independently of the value of the vol tage on the power s ou r c e ,  and is de sc r ibed  in de ta i l  in [7] of the authors 
for  the case  ~ = 500 V. However ,  the subsequent  quas i s t eady  cou r se  of the d i s cha rge  r evea l s  app rec i ab l e  
d i f fe rences  (Fig. 1), which a r e  a s soc ia t ed  with the na ture  of the t e m p o r a l  behavior  of both the total  c u r r e n t  I 

and the c u r r e n t  densi ty  on the cathode Je and on the anode Ja on the d i s cha rge  axis .  

A n e a r - e l e c t r o d e  l a y e r  is fo rmed  nea r  the cathode immed ia t e ly  af te r  the breakdown for  both a l t e rna t ives  
cons ide red ,  and a quas ineu t ra l  p l a s m a  with a highly nonuniform d i s t r ibu t ion  of values is fo rmed  in the volume. 
The co r r e spond ing  d i s t r ibu t ion  of the dens i ty  of ions n i and e lec t rons  n e, the c u r r e n t  densi ty  j ,  the potential  
~, and the vol tage of the e l e c t r i c  f ield &~ on the d i s cha rge  axis (t = 4 # s e c ,  ~ = 700 V) is shown in Fig.  2. 
Near  the cathode the p l a sma  densi ty  exceeds  the analogous quanti ty nea r  the anode by approx imate ly  an o r d e r  
of magnitude,  which produces  a nonuniform d is t r ibu t ion  of the e l ec t r i c  field vol tage and a concent ra t ion  of 
s t r e a m  l ines nea r  the cathode in the region  of enhanced conduct ivi ty (Fig. 2). N e v e r t h e l e s s ,  s ince  the c r o s s  
sec t ion  of the conducting channel is w ide r  nea r  the anode than nea r  the cathode,  the d i s t r ibu t ion  of the p a r a -  
m e t e r s  in the chamber  can be c h a r a c t e r i z e d  as co r r e spond ing  to the diffuse burning r eg ime .  The t h r e e - d i m e n -  
s ional  d i s t r ibu t ion  of ions,  e lec t rons  (the contour  l ines a re  in units of 109 cm-3),  and equipotent ials  and s t r e a m  
function l ines normal i zed  to unity (t = 4 # s e e ,  ~ = 700 V) a r e  shown in Fig .  3 a - c ,  r e spec t i ve ly .  Smoothing of 
the p a r a m e t e r s  occurs  at a s igni f icant  t ime in te rva l  a f te r  the breakdown (7/zsee for  ~ = 500 V and 50/~sec 
for  ~ = 700 V): a blob of p l a s m a  nea r  the cathode d i s a p p e a r s  due to d r i f t  r e m ova l  of ions to the cathode by 
the e l ec t r i c  f ie ld ,  and the p l a s m a  concen t ra t ion  in the r e s t  of the volume on the d i s cha rge  axis i n c r e a s e s  due 
to ionizat ion p r o c e s s e s .  S imul taneous ly  with tMs a uni form e l ec t r i c  field is e s tab l i shed  on the axis in the vol -  
ume,  the maximum of the cu r r en t  dens i ty  shif ts  f r om the cathode to the anode, and an app rec i ab l e  d e c r e a s e  
of the c r o s s  sec t ion  of the conducting channel occurs  both in the volume and on the anode. One can speak  at 

this  s tage  of a cons t r i c t ed  d i scha rge  [7]. 
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2. it is meaningful to consider the transition from the diffuse state to a constricted one in more detail. 

The nature of this process depends on the value of the voltage at the power source. With ~ = 500 V a uniform 

field is established in the positive column due to a wave of electric field intensity which propagates from the 

anode to the cathode at a velocity of the order of the ion drift velocity [Fig. 4a, ~ = 500 V, I) t = 23.16, 2) 

25.14, and 3) 27.3 #sec]. At the same time with ~ = 700 V equalization of the field in the volume takes in- 

comparably longer (almost 50 ~zsec is required instead of the 7 #sec in the first alternative) and is accom- 

plished due to a simultaneous increase of the intensity at each point on the discharge axis [Fig. 4b, ~ = 700 

V, I) t = 19.88, 2) 32.01, and 3) 49.90 psec]. As simple discussions show [7], aware of the electric field 

intensity cannot in principle be realized in the one-dimensional case, i.e., in the form of a plane wave. Nar- 

rowing of the conducting channel behind the wave front is a necessary condition for compensation of the in- 

crease in conductivity which is mandatory for the propagation of a field wave and the ionization associated with 

it. The total current I or the cross section of the conducting channel formed after the breakdown emerges as 

the parameter here: the larger the cross section is, the more difficult it is for a wave to propagate. We will 

analyze this situation within the framework of a simplified model. A schematic diagram of (a) the field of the 

wave E, (b) the variation of the cross section of the conducting channel S associated with it, and (c) the plasma 

density n is given in Fig. 5 for t-wo instants of time - directly after the breakdown prior to the onset of the 

wave (curve I) and some time later (curve 2). The values of the quantities E, S, and n behind the wave front 

(the x. coordinate) are assumed to be independent of x and equal, respectively, to E,, S,, and n,. Thus, ac- 

cording to this simplified picture, the field wave has the form of a small shelf with a fixed height (Fig. 5a) 

propagating from the anode to the cathode at a velocity, as follows from the results of the numerical solution, 

equal to the drift velocity of the ions behind the wave front. In addition it is assumed that the stream lines 

which diverge from the cathode become parallel to each other and to the discharge axis after crossing the 

wave front (Fig. 5b). The conducting channel behind the wave front is a rectangular region filled with a uni- 
form plasma (Fig. 5c). One can calculate the rate of change of the plasma concentration n. behind the front 

wbJch is necessary for ionization processes, and with approximate constancy in time of the total current one 

can determine the rate of decrease of the cross section S,: 

d In n , / d t  = - -  d In S , / d t  = vi (E,),  (7) 

w h e r e  ~i is  the  i on i za t i on  f r e q u e n c y .  On the o t h e r  hand i t  fo l lows  f r o m  the cond i t i on  of con t inu i ty  of n(x) and 
S(x) tha t  the  r a t e  of change  of t h e s e  q u a n t i t i e s  behind the wave  f ron t  should  be  equa l  to the  r a t e  of change  of 
t h e s e  v e r y  s a m e  quan t i t i e s  in f ron t  of the  f ron t :  the l a t t e r  is  of a k i n e m a t i c  n a t u r e  and is  n e c e s s a r y  s i m p l y  
f o r  sh i f t i ng  the  wave  in a n o n u n i f o r m  p l a s m a .  Using  Eq. (7), we  obta in  

dx I=~-o ~ ~ (8) 

E, V/cm 

250- 

I50 

5 0 -  

a g = 500 V g, Vlcm 

250~ 

f501 

b e = 700 V 

Fig. 4 

611 



3: &; 

:c. [ "] 

E ~ S 0 
b e 

Fig. 5 

Thus it follows f rom this s impl i f ied  d i scuss ion  that  i t  is n e c e s s a r y  for  the r ea l i z a t i on  of a field wave that the 
logar i thmic  de r iva t ive  of the c r o s s  sect ion of the conducting channel a f te r  the breakdown be c o m m e n s u r a b l e  
with the logar i thmic  de r iva t ive  of the conductivi ty.  Since the p l a sma  d i s t r ibu t ion  is highly nonuniform as a 
ru le ,  then for  the ident ica l  expansion angle of the flow tubes more  favorab le  condit ions for  a wave a re  r e a l i z e d  
in the ca se  of s m a l l e r  c r o s s  sect ions  and c u r r e n t s .  This r e su l t  is in qua l i ta t ive  ag reemen t  with the r e su l t s  
obtained for  ~" = 500 and 700 V. 

3. Now we wil l  dwell on another  qua l i ta t ive  d i f ference  between the d i s cha rges  at ~ = 500 and 700 V. 
If in the f i r s t  a l t e rna t ive  the cu r r en t  densi ty  on the cathode at the cen te r  Jc is p r ac t i c a l l y  constant  (see Fig .  la)  
and a d e c r e a s e  in the total  c u r r e n t  occurs  due to a p ropor t iona l  d e c r e a s e  in the c r o s s  sec t ion  of the emit t ing 
su r face  [7], then such a t rend of the p roce s s  in the second a l t e rna t ive  occurs  only on the ave rage  in t ime (see 
Fig.  lb) .  A qual i ta t ive  p ic ture  of the cour se  of the flow nea r  the cathode for  ~ - 700 V is apprec iab ly  more  
compl ica ted :  pe r iod ica l ly  repea t ing  osc i l l a t ions  of the c u r r e n t  densi ty  on the cathode at the cen t e r  a r e  r e l a t ed  
to a r ed i s t r i bu t ion  of the c u r r e n t  along the cathode [Fig. 6, where  a is the s tage  co r r e spond ing  to a slow in-  
c r e a s e  of the cu r r en t  j at the cen te r  due to cont rac t ion  of the emit t ing su r f ace  on the cathode: 1) t = 15.44, 2) 
18.90, and 3) 21.05 #sec ;  and  b is  the s tage  co r re spond ing  to a rap id  d e c r e a s e  of the c u r r e n t  densi ty  at the 
center :  1) t = 21.44, 2) 21.74, and 3) 22.03 psec] .  

F i r s t  we wil l  say  a few words  about the mechan i sm due to which the reduct ion  of the a r e a  of the emit t ing 
su r f ace  on the cathode occurs ;  i t  is  one and the s a m e  for  both a l t e rna t ives .  The cu r r en t  d i s t r ibu t ion  along the 
cathode is nonuniform, as follows f rom the solut ion (see Fig.  6): the c u r r e n t  densi ty  on the outer  boundary of 
the conducting channel for  ~" = 700 V is a lmos t  1.3 t imes  l a r g e r  than at the cen te r .  The re fo re  one can s e p a r a t e  
the nea r - ca thode  region into two par ts :  a cen t r a l  pa r t  and an outer  one, having taken the point on the cathode 
at which the re  is a local  min imum of the c u r r e n t  densi ty  as the boundary between the two par t s .  As an ana lys i s  
of the computa t ional  r e su l t s  shows,  a r e l a t i ve ly  high c u r r e n t  densi ty  is mandatory  in the outer  region for  the 
uncompensated  charge  of the ions which a r e  located above the nea r - ca thode  l a y e r  next to the quas ineu t ra l  p l a s -  
ma of the posi t ive  column. These ions a r e  formed in propor t ion  to the c o m p r e s s i o n  of the cu r ren t -conduc t ing  
channel ,  p rec ip i ta t ing  out of the region  through which e lec t rons  pass .  The addit ional  e l ec t r i c  field c r ea t ed  by 
them near  the cathode a lso  leads to i n c r e a s e d  ion genera t ion  and consequent ly  an i nc r ea sed  c u r r e n t  dens i ty  
on the pe r iphe ry  of the emit t ing sur face .  This uncompensated  posi t ive  charge  m i g r a t e s  towards  the d i s cha rge  
axis as t ime goes by, on the one hand due to d r i f t  d e p a r t u r e  of ions to the cathode,  and on the other  hand due 
to a nar rowing of the cu r r en t  channel.  F r o m  the physical  s tandpoint  the f i r s t  s i tua t ion  is the pr inc ipa l  one, and 
the second one is an induced s i tuat ion.  
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The basic cause for the decrease  in the total d ischarge cur ren t  I (see Fig. 1) is associated with the con-  
t ract ion of the c ross  section of the current-conduct ing channel near the cathode; for $ = 500 V the rapid in- 
c r ease  in the voltage on the discharge between the 23rd and the 30tht~sec resul ts  in ti,e propagation of a wave 
of electr ic  field intensity f rom the anode to the cathode (see Fig. 4a). At the same time for $ = 700 V the 
propagation of a field wave f rom the anode to the cathode proves to be impossible according to the simplified 
model which was spoken of above (see Fig. 5), and a rapid increase  in the voltage on the d ischarge  turns out 
to be impossible.  The decrease  in the total cu r ren t  due to the contract ion of the c ross  section of the emitting 
channel on the cathode is compensated to a significant extent by the increase  in the cur ren t  density on the d is-  
charge axis (at the center  of the cathode) (see Fig. 6a), leading to a consistent  slow decline of the total cur ren t  
I (see Fig. lb) and an increase  in the voltage on the d ischarge  between the 4th and 50th ~see.  

However,  as the calculation shows, as the cur ren t  density at the center  of the cathode inc reases ,  it 
reaches  the cr i t ica l  value of 2.45 m A / c m  2, after  which redistr ibut ion of the cur ren t  in the c ross  section oc-  
curs  relat ively rapidly in a t ime At ~ 1 >see (see Fig. 6b): the cur ren t  density on the d ischarge  axis decreases  
to a value of 2.35 m A / c m  2 due to an increase  in the cur ren t  density in the outer region. After this a repeated 
increase  in the cur ren t  density on the discharge axis begins with a simultaneous reduction in the width of the 
cur ren t  channel near the cathode. 

It is of in teres t  to discuss the mechanism of this phenomenon. As the calculation shows, it is related to 
a r ea r rangement  of the s t ruc ture  of the electr ic  field near the cathode. We will discuss  the cur ren t  tube which 
s tar ts  f rom a specified point on the cathode and terminates  in the quasineutral  plasma. F r o m  the standpoint of 
maintaining the cur ren t ,  the main process  is ionization in the near-ca thode  layer.  The ions which enter f rom 
the volume of the quasineutral  p lasma have a definite value, although their  amount is undoubtedly smal l  in com-  
parison with the ions formed in the near-ca thode  potential jump. The principal role of these ions consists  of 
the fact that they create  an additional e lectr ic  field intensity, and therefore  the react ion of the nea r -e lec t rode  
layer  and the cur ren t  density for these ions is significantly nonlinear. Thus for an amount of cur ren t  at some 
point or other on the cathode the plasma concentrat ion f rom the other end of the cur rent  tube can have a defi-  
nite value. F r o m  this standpoint the point on the cathode at which there is a local minimum of the cur ren t  
density is of the greates t  interest :  according to the theory of Engel and Stenbeek, the s t rongest  dependence of 
the cur rent  on the near-ca thode potential drop in the anomalous branch is real ized for  sma l l e r  currents ;  it is 
natural to assume that this proper ty  is p rese rved ,  depending on the concentrat ion of ions entering f rom the 
column. It is fu r the rmore  c lear  that as the cur ren t  on the discharge axis increases ,  adis tor t ion of the poten- 
tial occurs  which corresponds  to a constr ic t ion of the s t r eam lines towards the center  (Fig~ 7, in which the 
solid lines denote one instant of time and the dashed lines another later  instant of time). Under some conditions 
the s t r e a m  line which emerges  f rom the point of minimum current  density on the cathode is deflected and 
enters a region of sufficiently high plasma density that an increase  in the cur ren t  density at the corresponding 
point on the cathode resul ts .  Due to this an increase  in the total cur ren t  occurs ,  which leads to a decline in 
the voltage on the d ischarge  and a dec rease  in the cur ren t  density on the discharge axis. Such smoothing of the 
cur ren t  density distribution along the cathode leads to a straightening of the field lines; they branch out f rom 
the d ischarge  axis, migrat ing into a region of reduced plasma density in the positive column, the cur ren t  den- 
sity in these cu r ren t  tubes drops off, the total cur ren t  also drops off, and the voltage on the d ischarge  in- 
c reases ;  and as a resul t  the cur ren t  at the center  s tar ts  to increase .  The sy s t em returns to the state f rom 
which the reduction in the width of the cu r ren t  channel s tar ts  with a simultaneous increase  of the cur ren t  den- 
sity on the discharge axis (see Fig. 6a) to the cr i t ical  value, after  which a redis tr ibut ion of the cur ren t  on the 
cathode again occurs  (see Fig. 6b). The picture descr ibed above explains the f i rs t  three rapid oscillations ob- 
s e r red  in the cur ren t  density on the cathode. This same mechanisrn is res  ponsibie for the following nonstationary 
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phenomena, which occur with some difference from the first ones. Completing the discussion of nonstationary 
effects in the near-cathode region for ~ = 700 V, we note that the time-average value of the current density 
on the cathode in the center remains practically constant and approximately 20'6 higher than the current density 
on the cathode for ~ = 500 V. Taking account of the fact that the total currents for the two calculated alter- 
natives differ by almost a factor of two, one can speak of a theoretical confirmation of the law of normal cur- 
rent density for the cathode. 

4. A characteristic general feature of the development of discharges for ~ = 500 and 700 V is the linear 
increase of the current density on the anode (see Fig. I) for a relatively weak variation of the total current and 
the decrease which occurs in the cross section of the conducting channel on the anode and in the volume. 

The increase of the plasma density in the volume is related to the fact that the intensity of the uniform 
electric field established by this or the other means in the positive column turns out to be higher than the value 
corresponding to the condition of ionization-recombination equilibrium for a given plasma concentration. How- 
ever, in accordance with the law of normal current density, the total current is proportional to the cross sec- 
tion of the emitting surface on the cathode, whose laws of variation are determined by near-electrode pro- 
cesses, and the increase in the conductivity in the volume is not accompanied by an increase in the total cur- 
rent. According to the increase in conductivity in the volume in the case of a weakly varying total current, a 
transition of the discharge from the diffuse regime to a constricted discharge is accomplished: the current 
density on the discharge axis and in the volume exceeds by more than a factor of two the current density on the 
cathode at the end of the calculations. 

A steady discharge was not obtained in this research in view of the large expenditures of machine time. 
However, states in which the total current already ceases to vary further in time (see Fig. I) are attained at 
the final calculated instant of time. Accordingly, the intensity of the uniform electric field in the volume 
ceases to vary. Proceeding from the condition of ionization-recombination equilibrium, one can compare 
the conductivity and the cross section of the conducting channel in the column for ~" = 500 and 700 V in the 
final state with each other. Since in the first case the field intensity is greater than in the second [it is suf- 
ficient to compare the rates of increase of the current density on the anode ]a (see Fig. 1)], the equilibrium 
conductivity is also larger. It follows from this that hhe cross section of the conducting channel in the volume 
increases not in proportion to the total current but more rapidly. 

The calculations performed of a glow discharge for two values of the total current differing by a factor 
of two have shown that a near-cathode layer of space charge arises simultaneously with the breakdown of the 
discharge gap in a time of ~1.5 tzsec. With the initial data used, a near-electrode layer is formed both along 
the field and along the cathode, covering only a small part of the latter: the current density on the cathode (at 
the center) is practically constant thereafter and is approximately identical for both alternatives. This fact 
permits speaking of a theoretical confirmation of the law of normal current density for the cathode. 

Directly after the breakdown, the distribution Of the parameters can be characterized as corresponding 
to a diffuse burning regime: the current density on the anode is less than on the cathode. As time progresses, 
the field in the volume equalizes and reaches a value which exceeds the value of the equilibrium intensity for 
the given plasma concentration. This circumstance results in a linear increase in the current density on the 
anode and a compression of the conducting channel in the volume: in the final stage the discharge burns in a 
constricted fashion. 

Thus it has been shown by the example of computational data that the mechanism of compression of a 
quasineutral column mandatory for phenomena on the electrodes can be realized. Due to the inconsistency be- 
tween the value of the field in the column and the value of the total current established after the breakdown, 
a continuous compression of the current channel in the column and on the anode occurs, in the case of low 
gas pressure a similar agreement can be accomplished subsequently on account of expansion of the cathode 
spot due to diffusion. For high pressures such a mechanism is ineffective, and compression of the discharge 
can only be aggravated by subsequent heating of the gas. 

The authors express their gratitude to A. A. Vedenov for his constant interest in the research and for 
his discussion of the results. 
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MEASUREMENT OF THE BRIGHTNESS TEMPERATURE 

DISTRIBUTION OF P L A S M A  BUNCHES 

V. I. Kirko and !. A. Stadnichenko UDC 533.9.07+535.231.6 

The study of the radiation characteristics of a moving plasma bunch occupies an important place in the 
investigations of high-velocity plasma jets. One of the aspects of these researches is the development of ex- 
perimental methods of investigating the distribution of the radiation spectral intensity and of the brightness 
temperature along a plasma (gas-plasma) jet. Thus, the radiation intensity and brightness temperature of a 
gas jet were measured in [I, 2] by using stationarily mounted light guides that recorded the radiation intensity 
as a function of the time. The resolution of such a method is constrained by the "viewing angle" of the light 
guides since the integrated intensity over the apertures was actually recorded. 

The possibility is shown in this paper of reproducing the brightness temperature distribution along a 
plasma jet on the basis of a simple high-speed photographic sweep (for instance, by using a SFR) and subse- 
quent photometric processing. The method developed was used to find the distribution of the radiation spectral 
intensity and the brightness temperature of plasma jets from a tubular, cumulative-gas charge [3, 4] and an 
explosive plasma compressor [5]. The shock front was successfully resolved, i.e., distributions were obtained 
of the above-mentioned parameters starting with the domain preceding the shock. 

!. Let us consider a plasma jet being propagated over an opaque channel along which a narrow trans- 
parent slit of width a very much less than the transverse channel dimension is made. The slit image rotates 
continuously on a film in a direction perpendicular to the channel axis. A photographic sweep is made through 
a light filter that cuts off radiation in a narrow wavelength band. It is assumed that continuous photographic 
recording is accomplished by using the ideal photorecorder introduced in [6]. The velocity D of jet motion 
during the reeording is considered constant. A continuous photographic sweep at velocity u yields the image 
displayed in Fig. I on the film, where 1 is the channel over which the plasma moves, 2 is the direction of 
plasma jet motion, 3 is the transparent slit in the channel and 4 is the photographic film. Time is measured 
from the arrival of the first perturbation in the channel section AB selected. Projection of the section AB on 
the film corresponds to the segment A'B' of the x axis. The position x = 0 is determined by the initial increase 
in the optical density, which exceeds the fog density. It is seen that the line CD on the recording, and all the 
lines parallel to it, are lines of constant blackening. If y is the coordinate along the plasma jet (in a coordinate 
system coupled to the jet) and I(y) is the radiation intensity distribution along the jet (at the wavelength cut off 
by the light filter), then the energetic exposure on the film along the x axis is determined by the following rela- 
tionships [6]: 

I o 

,~,~,  (1.1) 
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