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DYNAMICS OF THE DEVELOPMENT 

DISCHARGE IN A LARGE GAP 

A N D  S T R U C T U R E  OF A B A R R I E R  

V~ P .  B e l o s h e e v  UDC 533.09 

The b a r r i e r  d i scharge  (BD) has been used in the past  mainly  in ozonizers  and has been  invest igated under 
the op t imum conditions for  these  devices:  U =3-10 kV, f-~ 10 kHz, a gas gap of 0.1-0.4 cm,  and with b a r r i e r s  of 
g lass  [1]. Spec t roscopic  invest igat ions of BD have been made in recen t  y e a r s  under s i m i l a r  conditions [2, 3]~ 
In all the r e p o r t s  the mult ichannel  nature  of its s t ruc tu re  was noted as a specif ic  fea tu re ,  which permi t ted  its 
use in [4] for  the synchronous initiation of 20 h igh -cu r r en t  autonomous d i s cha rges  and in [5-7] for  the f o r -  
mat ion of mult ichannel  h igh -cu r r en t  d i s cha rges .  

However ,  the nature of the mult ichannel  s t ruc tu re  and the m e c h a n i s m  of its development  have bee n studied 
inadequately up to now. This  c i r cums tance ,  as well  as the fact  that  in [4, 5] the BD was genera ted  in a l a r g e r  
gas gap and at a h igher  magnitude and f requency  of the supply vol tage,  s e rved  as a bas i s  for  the formula t ion  of 
the p resen t  work.  In it we invest igated the dynamics  of the development  of a BD, its s t ruc tu re ,  the influence of 
the p a r a m e t e r s  of the d i scha rge  and supply c i rcu i t s  and of the gas composi t ion  on its p rope r t i e s ,  and the 
dependence of the delay t ime  of the d i scharge  initiated by it on the voltage on the b a r r i e r  e l ec t rode .  

D e s c r i p t i o n  o f  E x p e r i m e n t a l  I n s t a l l a t i o n  

A d i a g r a m  of the expe r imen ta l  insta l la t ion is p resented  in Fig .  1. Inside the chamber ,  through which 
argon could be blown, the two plane p r i m a r y  e lec t rodes  1 and 2 having a c ro s s  sect ion of 4.5 • 0.8 cm were  
placed with a gap of 0.8-3 era.  The ends of the e l ec t rodes  had a wedge shape ( ~  ---- 90~ Between them the re  
was a t r i g g e r  e lec t rode  3 in the f o r m  of a wire  0.15 cm in d i a m e t e r  or  an a luminum cyl inder  1 c m  in d i a m e t e r  
and 4.5 cm long, enclosed in a quar tz  tube sea led  at one end and having an inner d i a m e t e r  of 0.15 and 1 cm,  
r e spec t ive ly ,  and a wall  th ickness  of 0.15-0.2 cm.  The voltage was supplied to it f r o m  a s t ep-up  t r a n s f o r m e r  
cons t ruc ted  on th ree  F 1000 f e r r i t e  r ings  with d imens ions  of 110• 60• 15 m m .  A capac i to r  C 1 =0.01 or 0.1 pF 
was d i scharged  through the f i r s t  winding (w =25. A high-vol tage  pulse with a f requency of 1.3 and 0.45 mHz,  
r e spec t ive ly ,  was t r a n s f o r m e d  in the second winding (w =20); its ampli tude depended on the initial  voltage on 
C t and was var ied  f r o m  20 to 60 kV. The BD grew f r o m  the sur face  of the quar tz  tube 3 to each  of the p r i m a r y  
e l ec t rodes  1 and 2 (Figs.  1-35. The i r  wedge shape p rede te rmined  the fo rma t ion  of all the channels in the s ame  
plane, which made it poss ible ,  by p l ac ing the  photographic appara tus  4 normal  to it, to focus the images  of all 
the channels on the f i lm.  The voltage U on the BD was measu red  with a capaci t ive  divider ,  C 3 =16 pF and C4= 
0.015 pF (1. 1000). To m e a s u r e  the cu r r en t  I of the BD and the delay t ime  of the initiated d i scharge  of the 
capac i to r  C 2 =2200 pF we used R s =5.1 ~ ,  common to the two d ischarge  c i rcu i t s .  The voltage f r o m  R s was 
applied to the plates  of the tube of an $1-42 osc i l lograph  while the voltage f r o m  C 4 was applied to its ampl i f i e r  
through a delay line (t =0.3 psecS. 

D e s c r i p t i o n  o f  E x p e r i m e n t s  

The low br igh tness  and sma l l  t r a n s v e r s e  s ize  of the BD channels hinder the use of s t r e a k - c a m e r a  
photography in its invest igat ion,  and t h e r e f o r e  the dynamics  of its development  was obtained f r o m  the e o m p a r i -  
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son of photographs and o s c i l l o g r a m s  of I and U fo r  different  expe r imen ta l  conditions.  The capac i to r  C 2 was not 
charged  in these  expe r imen t s .  

The BD e m i s s i o n  was photographed in single exposure  with a Zenit c a m e r a  on i sopanchrome f i lm of type 
24 with a sens i t iv i ty  of 5000 All-Union State s tandard  (GOST) units (4 in Fig.  1). 

On the bas i s  of Fig .  2 (C 1 =0.01 pF,  U=50  kV) we can say  that  a l a rge  number  of channels (up to  20 cm -1 
in some  photographs)  s t a r t  to develop in a i r .  However ,  the number  of channels br idging the gap is cons iderably  
l e s s ,  and they can be divided into th ree  types :  diffuse over  the ent i re  length, conical  with a diffuse spot at the 
d ie l ec t r i c ,  and, against  the background of some  of them,  br ight  un i form channels ending at the d ie lec t r ic  in a 
L ich tenberg  f igure  of c reepage  d i scharge  (CD). The diffuse channels developed,  as a ru le ,  at a voltage of up to 
30 kV and s o m e t i m e s  a lmos t  merged  ove r  a cons iderab le  length of the e l ec t rodes .  The conical  channels oc-  
cu r r ed  at all  vol tages  up to 60 kV. Channels  of type III  developed at U->30 kV for  a capaci tance  C =0.1 pF and 
U -> 40 kV for  C =0.01/~F. 

The number  of channels  depended more  on the voltage on the b a r r i e r  e lec t rode ,  while t he i r  apparent  
d i a m e t e r  depended on the capaci tance  C 1. The average  in te rva l  between conical  channels was 0.4 em and that 
be tween channels  of type IH was 1 cm.  In argon under  s i m i l a r  conditions one or  two channels f inal ly developed 
along the edges  of the e lec t rode  (Fig. 3, C 1 =0.01 pF,  U =50 kV). 

O s c i l l o g r a m s  of the cu r r en t  and voltage of BD in a i r  (Fig. 4, U with a delay of 0.3 psec)  and argon were  
obtained for  C = 0.01 and 0.1 gF,  The f o r m  of I and U indicates  the p r e sence  of two per iodic  p r o c e s s e s  in the 
d i scharge  c i rcui t .  One of t h e m  has a period dependent on the p a r a m e t e r s  of the p r i m a r y  circui t :  T =0 .75psec  
for  C =0.01 pF and T =2.2 ~sec  for  C =0.1 ~F.  Damped s inusoidal  osci l la t ions  with such per iods  could be 
obse rved  when the secondary  winding was sho r t - c i r cu i t ed  to R s. The second p r o c e s s  is connected with the 
deve lopment  of the BD and with subsequent  damped osc i l la t ions  with T=0 .3  psec  which depend on the capac i -  
tance  of the b a r r i e r .  In the case  of C =0.01 pF the BD developed only dur ing the f i r s t  ha l f -pe r iod  of the osc i l -  
la t ions in the p r i m a r y  c i rcui t ,  while in the case  of C = 0.1 pF it developed dur ing two ha f t -pe r iods .  In th is  case  
with the s m a l l e r  capac i tance  at a voltage of up to 40 kV the re  was only a posi t ive pulse on the o sc i l l og rams  
(~ UdC/dt), while with the l a r g e r  capac i tance  t he r e  was a posi t ive pulse and, with an in te rva l  of 1.1 psec ,  a 
negative pulse at a voltage of up to 30 kV. The ampl i tudes  of these  pulses  (8 and 6 A in Fig.  4) var ied  in p ro -  
port ion to the voltage on the b a r r i e r  e lec t rode .  With a fu r the r  i nc rea se  in the voltage a negative cu r r en t  pulse 
(~ CdU/dt) appeared  on the o s c i l l o g r a m  for  C =0.01 pF and a negative and posi t ive pulse appeared  in the case  
of C =0.1 #F.  Channels  of type IH appeared  on the cor responding  photographs.  The ampli tudes  of these  pulses  
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var ied  f a s t e r  than the vol tage,  and at U =50 kV they compr i sed  16 and 12 A. The cu r r en t  densi ty  in four to five 
such channels  with a to ta l  c r o s s - s e c t i o n a l  a r e a  of 5" 10 -3 cm 2 was 3 - 103 A/cm 2, while the r a t e  of cu r ren t  r i s e  
was > 108 A/sec .  

The o s c i l l o g r a m s  of I and U in air  and argon were  s i m i l a r  in f o r m  and the cur ren t  ampli tudes  var ied  ms 
~ J~C D but they  were  twice  as la rge  in a rgon  as in a i r .  

The absence  of m a t e r i a l s  of sui table e l ec t r i c  s t rength  with e cons iderably  exceeding the e of quartz  
prevented an invest igat ion of the influence of the specif ic  capaci tance  of the b a r r i e r  on the p rope r t i e s  of the 
d i scharge .  And the influence of a change in the capaci tance  of the b a r r i e r  on account of the d i a m e t e r  and length 
of the t r i g g e r  e lec t rode  is hard  to de t e rmine ,  s ince the field in the d i scharge  gap is e ssen t i a l ly  nonuniform. 
T h e r e f o r e ,  we can only say that  the amplitude of the BD cur ren t  va r i e s  as ~ ~ - b ,  while the shape ha rd lydepends  
on it. 

The expe r imen t s  on de te rmin ing  the delay t i m e  t of the initiated d i scharge  of C 2 followed two goals-, to 
m e a s u r e  the delay t i m e  of the d i scha rge  of C 2 in a i r  a f te r  the appl icat ion of the t r i g g e r  pulse to the a i r  d i s -  
c h a r g e r  in the p r i m a r y  c i rcu i t  of the t r a n s f o r m e r  (it a lso t r i g g e r e d  the osci l lograph)  and to es tab l i sh  what 
phase of the BD is r espons ib le  for  its initiation. 

Since the cu r r en t  pulse of the d i scharge  of C 2 also flowed through Rs ,  on the o s c i l l o g r a m  it was supe r -  
imposed on the BD cu r r en t  at a ce r t a in  moment .  With an inc rease  in the amplitude of the voltage on the t r i g g e r  
e lec t rode  the cu r ren t  pulse of the d i scharge  of C 2 was shifted on the osc i l log ram,  tending toward the leading 
f ront  of the negative pulse of the BD cu r r en t .  

The r e s u l t s  of m e a s u r i n g  the delay t ime  in the init isied d i scharge  as a function of the ampli tude of the 
voltage on the t r i g g e r  e lec t rode  with different  vol tages on the gap fo r  the two capaci tances  C i = 0o01 and 0.1 pF 
are  p resen ted  in Fig .  5, f r o m  which it follows that  with an inc rease  in the amplitude of the voltage on the t r i gge r  
e lec t rode  the delay t ime  approaches  some min imum limit ,  equal  to 0.5 p sec  for  C =0.01 and 1.5 p sec  for  C =0.1 
pF ,  and then  r e m a i n s  constant  af ter  reach ing  it. 

D i s c u s s i o n  o f  R e s u l t s  

Before  cons ider ing  the r e su l t s  obtained, let  us analyze the spec i f ies  of the spa t ia l  fo rma t ion  of a BD in 
c o m p a r i s o n  with an o rd ina ry  spa rk  d i scharge .  

It  is known that  one d i scharge  channel develops ,  as a ru le ,  in a d i scharge  gap fo rmed  by meta l  e l ec t rodes .  
This  is connected with the fact  that  the su r f aces  of conducting e lec t rodes  a re  equipotential ,  so  that  the channel 
which develops  f i r s t  r educes  the potential  d i f ference  between them,  prevent ing the development  of subsequent  
channels  at o ther  points.  In the case  of a BD the equipotential  nature of the su r face  of the d ie lec t r i c  is e s -  
tab l i shed  tbJ:ough the development  of a CD along it, but s ince its veloci ty  in a i r  is low, ~ 107 cm/sec ,  it w iUoccur  
only near  the f i r s t  channels ,  while at some dis tance  f r o m  them the initial  potential  will be re ta ined ,  and chan-  
nels developing with a delay can f o r m  the r e .  T h e r e f o r e ,  the higher  the velocity of the CD, the l ess  frequent  
the channels ,  but the amount of cu r ren t  in each  of t h e m  grows.  

Another  fea tu re  of a BD is connected with the fact  that ,  in s e r i e s  with the act ive r e s i s t a n c e  which is non- 
l inear  in t ime ,  the re  is a nonlinear capaci t ive  r e s i s t a n c e  of the gap. In fact ,  the to ta l  capaci tance  of the gap con- 
s i s t s  of the s e r i e s - c o n n e c t e d  capac i tances  of the d ie lec t r i c  b a r r i e r  and the gas gap. The permi t t iv i ty  of quartz  
is four  t i m e s  higher  than  that  of the gases ,  while the lengths of the gas gaps used are  th ree  to six t imes  g r e a t e r  
than  the th ickness  of the tube wall ,  so that  the to ta l  capaci tance  was init ially de te rmined  by the capaci tance  of the 
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gas gap and compr i sed  a sma l l  f rac t ion  of the capaci tance  of the b a r r i e r .  Accordingly,  the voltage applied to 
the e l ec t rodes  was divided in inverse  propor t ion  to the capac i tances ,  and at the initial  moment  it fel l  a lmos t  
en t i r e ly  on the gas gap. After  its breakdown the to ta l  capaci tance  was inc reased  to the capaci tance of the 
b a r r i e r  and all the voltage was applied to the d ie lec t r ic .  

Since a s y s t e m a t i c  desc r ip t ion  of an e l ec t r i c a l  c i rcui t  containing nonlinear e l ements  is complicated,  we 
p resen t  an equivalent  c i rcui t  fo r  the d i scharge  c i rcui t  in the f o r m  of an osc i l l a to r  loaded onto a capaci tance  
which va r i e s  per iodical ly ,  synchronously  w i t h t h e  d i scharge .  The charge  ca r r i ed  in such a c i rcui t  is q(t) = 
C(t)U(t) while the cu r r en t  is i ( t )=dq/dt=U(t)dC/dt+C(t)dU/dt .  The c lea r  co r r e l a t i on  between the types  of 
channels in the photographs and the cu r r en t  pulses  on the o sc i l l og rams  and the c h a r a c t e r  of the dependence of 
t he i r  ampli tudes  on the voltage allow us to say  that  the f i r s t  phase of the BD co r r e sponds  to diffuse and conical  
channels  with a cu r ren t  ampli tude of ~ U(t)dC/dt in them,  while the second phase co r r e sponds  to channels having 
a CD with a L ich tenberg  f igure and a cu r ren t  ampli tude of ~ C(t)dU/dt. 

With allowance for  the foregoing,  the dynamics  of the development  of a BD in a i r  can be r e p r e s e n t e d  as 
follows. Upon the appl icat ion of voltage to the e l ec t rodes ,  po lar iza t ion  cha rges  developed on the su r face  of the 
d ie lec t r i c  and d i scharge  channels  began to develop in the gas f r o m  cer ta in  points.  Because  of the natural  t ime  
s ca t t e r  in t he i r  development ,  the equipotent ial  nature of the su r face  of the d ie lec t r i c  was disrupted and a CD 
developed.  I ts  veloci ty  was init ially sma l l  with the low field s t rength  in the gap and consequently along the di -  
e l ec t r i c ,  so that  many channels  of types  I and II  developed with a low cur ren t  densi ty.  As the conductivity of 
the gas gap inc reased ,  the capaci tance  between the e l ec t rodes  increased  to the capaci tance  of the b a r r i e r ,  and 
it was charged dur ing this  f i r s t  phase of the BD. With the end of its charg ing  the d i scharge  died out, and the 
capaci tance  of the en t i re  gap d e c r e a s e d  to the c~paci tance of the gas gap. And since the s tored  charge ,  now 
excess ive ,  could not d e c r e a s e  instantaneously,  the voltage on the b a r r i e r  grew sharp ly ,  but now it was of the 
other  polar i ty  r e l a t ive  to the gas gap and in antiphase with the voltage on the t r a n s f o r m e r  winding. The re fo re ,  
although the to ta l  voltage in the c i rcu i t  fe l l  to ze ro  (see Fig .  4), the voltage jump on the gas gap led to its 
b reakdown and the genera t ion  of a negative cu r ren t  pulse in the c i rcui t ,  co r responding  to the second phase of 
the BD. 

As seen  f r o m  the o sc i l l og ram,  the dura t ion  of the second phase is half as long while the cur ren t  ampl i -  
tude is twice as grea t  as that  of the f i r s t ,  which indicates  equali ty of the cha rges  c a r r i e d  in the c i rcui t  dur ing 
each  phase.  

Because  of the s h a r p  voltage inc rease ,  the  veloci ty  of the CD grew,  the number  of channels  was reduced,  
and the ent i re  charge  in the second phase was c a r r i e d  through s e v e r a l  channels of type Ill .  The d e c r e a s e  in 
the dura t ion  of the cu r ren t  pulse and in the number  of channels led to a cons iderable  i nc rea se  in the cu r ren t  
densi ty  to 3 . 1 0  3 A/cm 2 and to s t rong  heating of the p la sma .  The re fo re ,  the high conductivity of the channels 
was subsequent ly  re ta ined  for  a long t ime ,  the capac i tance  of the gap r ema ined  constant  and equal  to the capac -  
i tance of the b a r r i e r ,  and damped C, L, R osci l la t ions  occu r r ed  in the c i rcui t .  

The dynamics  of a BD in argon is s i m i l a r ,  judging f r o m  the quali tat ive s imi l a r i t y  of the o sc i l l og rams  of 
I and U. The i nc rea se  in the c u r r e n t  amplitude and the s m a l l e r  damping of the C, L, R osc i l la t ions  a re  con-  
nected with the inc reased  conductivity of the d i scharge  channels ,  whe reas  the reduct ion in the i r  number  is 
explained by the veloci ty  of the CD being two to th ree  t i m e s  higher  in argon [8]. 

The above concepts  of two phases  in the development  of a ~ BD pe rmi t  an unders tanding of the r e su l t s  of 
the expe r imen t s  on m e a s u r i n g  the delay t i m e  of the d i scharge  of C 2 in a i r  (Fig. 5). 

Actually,  s ince the number  of channels  in the second phase is t h ree  to four t imes  less  while the cu r ren t  
amplitude is twice as g rea t ,  the cu r r en t  dens i ty  in t hem is six to eight t i m e s  g r e a t e r  than in the channels of 
the f i r s t  phase.  T h e r e f o r e ,  the d i scharge  of C 2 is initiated by the negative cur ren t  pulse of the second phase,  
while its leading f ront  is a lso the m i n i m um  l imi t  to which the delay t ime  approaches  with an inc rease  in the 
voltage on the b a r r i e r  e lec t rode .  And the threshold  nature of this dependence is de te rmined  by the c h a r a c t e r  
of the voltage dependence of the amplitude of the cu r r en t  pulse,  ~C(t}dU/dt.  It mus t  be cons idered  that  the 
delay includes not only the t ime  of the f i r s t  phase of the BD but also the t ime  of development  of the breakdown 
of the a i r  d i s c h a r g e r  following the applicat ion of the t r i g g e r  pulse to it. 

The expe r imen ta l  r e s u l t s  obtained in the work  allowed us to es tab l i sh  that the mult ichannel  nature of the 
BD s t ruc tu re  is connected with the natura l  t ime  s c a t t e r  of the fo rma t ion  of d i scharge  channels  at d i f ferent  
points of the su r f ace s  of the e l ec t rodes  and with the conditions of the development  of the CD along the d ie lec -  
t r i c  b a r r i e r .  The s m a l l e r  the s c a t t e r  and the veloci ty  of the CD, the weaker  the concur rence  between the chan-  
nels and the more  uni form the d i scharge  will  be, changing into a vo lumet r ic  d i scharge  in the l imit .  
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The dynamics  of the BD is de te rmined  by the var ia t ion  of the capaci tance  between the e l ec t rodes ,  con- 
s i s t ing  of the capac i tance  of the b a r r i e r  and the capaci tance  of the gas gap, in the p roce s s  of the d i scharge .  
The ampli tude of the BD cu r r en t  pulses  depends on the voltage on the e lec t rodes  and the capaci tance  of the 
b a r r i e r .  

The cons iderab le  cu r r en t  densi ty  in the channels  and the s t eepness  of the leading f ronts  of the pulses 
make it poss ib le  to synchronous ly  initiate a l a rge  number  of autonomous d i scha rges  with its help and to f o r m  
h igh -cu r ren t ,  mult ichannel  d i s cha rges .  

The author thanks  V. I. Bayunov and M. I. Demidov for  help in conducting the expe r imen t s  and I. V. 
Podmoshenski i ,  V. Ya~ Aleksaadrov ,  and E.  A. Zobov for  useful d i scuss ions .  
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INVESTIGATION OF THE 

ON THE SURFACE OF A 

IONIZED GAS 

V. A. Shuvalov 

P L A S M A  S T R U C T U R E  F O R M E D  

B O D Y  IN F L O W  OF A P A R T I A L L Y  

UDC 533.95;538.4; 537.523 

In [1] a technique was suggested for  c rea t ing  a r t i f ic ia l  p l a s m a  s t r u c t u r e s  around bodies in flow of a 
r a r e f i e d  p l a s m a  by blowing a neut ra l  gas f r o m  the su r face  and subsequent ly  ionizing it by e l ec t ron  coll ision.  
It is of in te res t  to unders tand the re la t ionsh ip  between the s t ruc tu re  of the p l a s m a  fo rmat ions  on the body s u r -  
face and the function of the di f ferent  s y s t e m s .  The p resen t  paper  gives r e su l t s  of an invest igat ion of the influ- 
ence of the bc(iy su r face  potent ial  on the shape and s t ruc tu re  of the p l a s m a  fo rmat ions  genera ted  about a meta l  
body in flow of par t ia l ly  ionized ni trogen.  

The expe r imen ta l  invest igat ions were  conducted on a gasdynamic  p l a s m a  faci l i ty  in flow of a r a re f i ed  
p l a s m a  genera ted  by a g a s - d i s c h a r g e  acce l e r a to r .  The p l a s m a  flow r eaches  the working chamber  in which the 
r e s idua l  gas  p r e s s u r e  is 7 "10-~-1 �9 10 -6 t o r r .  The p l a s m a  flow p a r a m e t e r s  at a working chamber  p r e s s u r e  of 
~ 1.6 �9 10 -5 t o r r  were  de te rmined  by means  of movable  e l ec t r i c  p robes  mounted on a t r a v e r s e  mechan ism;  a 
single cy l indr ica l  probe,  made of molybdenum wire  of d i a m e t e r  0.09 and length 4.0 mm;  and a cy l indr ica l  
probe in the f o r m  of a ho t -wi re  a n e m o m e t e r  [2], with a working e lement  made of tungsten wi re  of d i a m e t e r  0~ 
and length 6.5 ram. Specia l  at tention was paid to probe c lean l iness  d u r i n g t h e  m e a s u r e m e n t s .  Immedia te ly  
p r io r  to the m e a s u r e m e n t s  the p robes  were  heated up to t e m p e r a t u r e s  ~ 1500~ which allowed the influence of 
impur i t i e s  on the m e a s u r e d  r e s u l t s  to be excluded.  
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