
t ron  beam~ The calculated R e and R f o r  E0=0.1 , 0.3, 0.5, 0.7, and 1.0 keV (curves 1-5, respect ively)  as func- 
t ions of the initial pitch angles are presented in Fig.  2, a and b, f rom which it is seen that R e and R undergo a 
smooth dec rease  with an increase  in the initial angle of ent ry  of the beam into the absorber  at all initial ene r -  
gies.  The numer ica l  values of the calculated normal  and average ranges are presented in Tables  1 and 2 (the 
values are  given in g rams  per  square  cent imeter ) .  

The authors thank G. V. Starkov for  a discussion of the resu l t s  obtained and L. K. Khvostenko for  help in 
making the calculations.  
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INFLUENCE OF THE CATHODE LAYER ON THE 

CHARACTERISTICS OF A DISCHARGE EXCITED 

V O L T -  A M P E R E  

BY AN E L E C T R O N  B E A M  

A.  M. O r i s h i c h ,  A .  G.  P o n o m a r e n k o ,  UDC 533.915 
a n d  V. N.  S n y t n i k o v  

The volumetr ic  d ischarge  with preionizat ion of the gas by an e lec t ron  beam has found wide application in 
the c rea t ion  of powerful l a se r  sys tems ,  since it can provide the exci tat ion of large volumes of gas at a p re s -  
sure  p ~  1 atm [1, 2]. However,  the physical  p roces se s  de termining the basic laws of energy absorpt ion have 
c lea r ly  been inadequately investigated, and this  per ta ins  especia l ly  to the e lec t rode  layers  of the discharge.  
The importance of studying the cathode and anode potential  drops  is due to the i r  decisive ro le  in maintaining 
the cur ren t  in the d ischarge  at the level  assigned by the ex te rna l  source  and by the conductivity of the gas of 
the d ischarge  gap [3], as well  as by the influence on the stabil i ty of the volumetr ic  d ischarge  [4]. 

Numer ica l  modeling of the cathode layer  (see [5-7]) has been limited to the drif t  approximation and does 
not allow for  many p rocesses  - photoionization, a change in the ra te  of impact ionization at a high densi ty of 
absorbed energy,  cascade p roces se s ,  e t c . -  which can significantly affect its actual p a r a m e t e r s .  

In the present  r epor t  the e lec t ron  concentrat ion n is measured  for  the f i r s t  t ime by the in t e r f e rome t r i c  
method, the v o l t - a m p e r e  cha rac t e r i s t i c s  (VAC) of the d ischarge  are  investigated, and the cathode po te~ ia l  
d rop  is de termined as a function of jc/p 2 in a powerful vo lumetr ic  discharge at p=0.25-1  arm of nitrogen (Jc is 
the d ischarge  cu r ren t  density at the  cathode). 

Novosibirsk.  Trans la ted  f rom Zhurnal  Prikladnoi  Mekhaniki i Tekhnicheskoi  Fiz iki ,  No. 2, pp. 37-43, 
March-Apr i l ,  1981. Original ar t ic le  submitted January  22, 1980. 
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A volumetr ic  d ischarge  in nitrogen containing ~ 0.2% impuri t ies  was ignited in the chamber  of an e lec t ro-  
ionization CO 2 laser ,  a detailed descr ipt ion of which is given in [2]. The gas was ionized by an e lec t ron beam 
with a c ross  sect ion S O =100 �9 4 cm 2 at the entry to the d ischarge  chamber  and an average energy W 0 =120 keV. 
The distance between the e lec t rodes  was d =3.7 cm. A bat tery  of KMK-50-4 capaci tors  with a capacitance of 
30 #F and a maximum voltage of 50 kV, connected to the discharge gap through a commutator ,  was used as the 
source  of the energy absorbed in the d ischarge .  The inductance of the supply sys tem was L = 0.7 pH. In the 
experiment  the total d ischarge  cur rent  and the voltage on the d ischarge  gap were monitored with a Rogowski 
loop and an ohmic divider.  

To measure  the e lec t ron concentra t ion n we used a two-longwave in te r fe rometer  of the M a c h -  Zehnder 
type (A =0.63 and 10.6 pro) with photoelectr ic  recording.  A descr ip t ion of the diagnostic sys tem and the resul ts  
of an investigation of the possibili ty of its application in powerful pulsed d ischarges  at a p ressu re  p~  1 arm and 
a degree of ionization n/N ~ 10 -~ are presented in [8]. Probing of the plasma with the in te r fe romete r  was per-  
formed along the maximum dimension l =100 em at the center  of the discharge gap. Special measurements  
showed that t]~e values of n are constant with an accuracy  of 10~ along the direct ion of cur rent  flow. Conse-  
quently, the magnitude of the e lec t r ic  field in the discharge,  excluding the electrode regions,  does not depend 
on the distance to the e lec t rodes .  A detailed investigation of the t r ansve r se  distr ibution of n was not made, 
although control  measurements  at a distance h =3.5 cm f rom the axis of the discharge,  outside the region of 
d i rec t  passage of the e lec t ron  beam, showed the presence  of an e lectron concentrat ion comparable  with the 
value at the center  of the d ischarge ,  which is evidently due to sca t ter ing of the h igh-energy beam on the e lec-  
t rodes  of the d ischarge  gap. 

Typical  osc iUograms are presented in Fig.  1: a is the voltage on the d ischarge  gap, b is the discharge 
current ,  c is the t ime variat ion of the e lec t ron  concentrat ion,  and d is the current  of the beam of h igh-energy 
e lec t rons .  The initial voltage o n t h e  d ischarge  is Ud=10.3 and 2.8 kV (solid and dashed lines in Fig.  l a ,  
respect ively)  and p = l  atm. 

The energy source  was connected to the d ischarge  gap 2 #sec before the e lec t ron  acce le ra to r  was turned 
on. The dec rease  in the voltage on the d ischarge  when the external  ionizer is turned on (Fig. la) is connected 
with a redis t r ibut ion of the voltage between the c rea ted  res i s tance  of the d ischarge  and the internal res i s tance  
of the energy  source .  

We note the following important  features  of the discharge.  With a high voltage on the d ischarge  gap 
(Ed/P>2 V/cm. mm Hg) the cur ren t  and the e lec t ron concentrat ion reached the maximum at t ~  0.5 #sec after the 
s ta r t  of the d ischarge  initiation and then decreased  in accordance with the recombinat ion law of loss of f ree  
e lect rons  in N2. With a dec rease  in U d below a cr i t ica l  value, however,  a fas ter  decrease  in the discharge cur -  
rent  was observed,  which led to an additional increase  in the voltage on the d ischarge  gap, U' ~ -  L(aId,/Ot ). We 
note that no c:hanges in the behavior  of the e lec t ron  concentrat ion were observed in this d ischarge  mode. 

Let us consider  the basic laws determining the v o l t -  ampere  cha rac te r i s t i c s  of a d ischarge in nitrogen. 
The values of the cur ren t  I d and the e lec t ron concentrat ion n in the s teady-s ta te  case,  i.e., when tin/dr =0, can 
be determined f rom the simple express ions  
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where  J0 = (Id/S)(P0/P)i/2, no = n(P0/P) ~/2, and r a re  the cur ren t  densi ty of the d ischarge ,  the e l ec t ron  concentrat ion,  
and the intensity of ex te rna l  ionization, r espec t ive ly ,  reduced to a p re s su re  P0 =1 arm; F(Ed/P) =v/fl~/2; v is the 
e l ec t ron  dr i f t  velocity;  fl is the recombinat ion  ra te ;  S is the average c ross  sect ion of the d ischarge .  With 5c, 
5a<<d and uniform ionization of the gas, the e l ec t r i c  field in the gap is 

E d = ( u  d - u ~  - U c ) / d ,  (3) 

where  U c and U a are  the cathode and anode potential  drops;  5 c and 5 a are  the cha rac t e r i s t i c  s izes  of the 
cathode and anode l ayers .  With allowance for  the fact  that  Ua<<U c, the quantity U a usually does not affect the 
value of E d. When Uc<<U d we obtain Ed /P~  Ud/Pd f ro m  (3), and Eq.  (1) de te rmines  the p a r am e t r i c  law of 
s imi la r i ty  of v o l t -  ampere  cha rac t e r i s t i c s  in the p resence  of ex te rna l  ionization. 

After  the e l ec t ron  beam is tu rned  off the d ischarge  cu r ren t  with fl =const  is de te rmined  by the e x p r e s '  
sion 

]0(0 = ],(to)/[l + (r - -  to)l, (4) 

where  j0(t0) is the d ischarge  cu r ren t  normal ized to the  t ime to, the end of the action of the ionizer .  In this case 
with ~b 0 ~ const an additional condition for  s imi la r i ty  of the v o l t -  ampere  cha rac t e r i s t i c s  is 

( p l p ~  - -  to) ~ r 

The exper imenta l  conf i rmat ion of the fulf i l lment of the s imi la r i ty  laws (1), (2), and (4) in a powerful 
volumetr ic  d i scharge  in N~ is shown in Figs .  2 and 3. We present  the e lec t ron  concentra t ion n o (Fig. 2) and the 
cu r ren t  densi ty  J0 (Fig. 3) as functions of Ud/Pd in the p resence  and absence of ex te rna l  ionization (curves 1 
and 2, respec t ive ly) .  Curve 1 in Fig.  3 and the values of no in Fig.  2 are  plotted for  the t ime 0.5 ~sec,  i .e . ,  
when dn/dt ~ 0; curve  2 cor responds  to a value of the p a r a m e t e r  (p/p0)~/2(t - to) of 1.25" 10 -Y sec.  The resu l t s  
of the cor responding  calculat ions of J0 f rom Eqs .  (1) and (4) are  shown by solid l ines.  We used values of v = 
f(E/p) in N 2 f r om the data  of [9] and of fl = ~a(E/p) measured  under exper imenta l  conditions analogous to ours  
[10]. The quantity ~0 = (3 4- 0.5).  1020 em -'~. sec -1 in the d ischarge  gap for  t = 0.5 ]~sec (i.e., when dn/dt ~ 0) was 
de te rmined  in two ways: by the method descr ibed  in [11] and f ro m  the express ion  r =fln~ with independently 

measured  n o and ft. 

The average  c ros s  sect ion S of the d ischarge  was found f ro m  the re la t ion  S =Id/env at a high voltage on 
the d i scharge  gap, U d ~ 8-28 kV, for  which it was assumed that the conditions Uc<<U d and Ed/P~ Ud/Pd are  
sat isf ied.  The value of S was 880 cm 2 at p~  1 atm, S =1250 cm 2 at p ~  0.5 arm, and S =1350 cm 2 at p~  0.25 arm, 
and it did not depend on the e lec t r i c  field when Ed/P~ 10 V/cm" mm Hg. The inaccuracy  in the de te rmina t ion  of 
the values of S did not exceed 4%. It is seen f ro m  Fig.  3 that in the presence  of ex te rna l  ionization the quantity 
J0 grows monotonically with an increase  in the p a r a m e t e r  Ud/Pd. Within the l imits  of the exper imenta l  sca t t e r  
of ~-15% the s imi la r i ty  law (1), j0 =er  is sat isf ied in a wide range of var ia t ion  of the quantity Ud/Pd ~ 
0.1-5.0 V/cm" mm Hg, with the voltage on the d ischarge  gap varying in the range of 150-4000 V with p=0.25 arm. 
In a decaying p lasma Eq. (4) de t e rmines  the d ischarge  cu r ren t  only for  Ud/Pd~2 V/cm, mm Hg. A d ec r ea se  in 
Ud/Pd ~ 2.0 V/cm �9 mm Hg leads to a sharp  dec r ea se  in J0 and to the breakdown of the s imi la r i ty  of the  v o l t -  
ampere  cha rac t e r i s t i c s .  
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We note that  the value of the d i scharge  cu r ren t  densi ty,  as seen  f r o m  Eqs.  (1) and (4), is de te rmined  by 
the actual  e l ec t r i c  field in the p lasma ,  i .e . ,  by the p a r a m e t e r  Ed/P. In Fig .  4 we p resen t  typ ica l  dependences 
of the e l ec t r i c  field in the d i scha rge ,  excluding the e lec t rode  l aye r s ,  on the voltage on the d i scharge  gap for  
different  t imes  f r o m  the s t a r t  of the d i scharge  initiation: t = 0 . 5  #see:  1) p ~  0.25 atm; 4) p ~  1 arm; t=0 .75  
psec:  2) p ~  0.25 atrn; 5) p ~  1 arm; t = l . 0  psec:  3) p ~  0.25 arm. The ve r t i ca l  l ines show the inaccuracy  in the  
de te rmina t ion  of the field. The quantity Ed/P was found f r o m  the known dependence v =f(Ed/P) [9] through the 
p r e l im ina r i l y  de te rmined  e lec t ron  dr i f t  veloci ty.  The values of v were  calculated f r o m  the re la t ion  v = j j r ~ e  
through the expe r imen ta l ly  m eas u red  Id/S and n ( s eeF igs .  2 and 3). 

The da ta  p resen ted  in Fig .  4 show that  in the p resence  of ex te rna l  ionization of the gas,  the field in the 
d i scha rge  is en t i re ly  de te rmined ,  within the l imi t s  of the m e a s u r e m e n t  e r r o r ,  by the voltage on the d i scharge  
gap, i .e. ,  Ed/p ~ Ud/Pd (curve I) in the ent i re  invest igated range  of Ud/Pd ~ 0.2-10 ~ c m "  m m  Hg. A dis t inct ive 
fea ture  on the dynamics  of the d i scharge  a f te r  the ionizer  is turned off is the s h a r p  dec r ea se  in the field s t rength  
in the p l a s m a  with a d e c r e a s e  in the voltage o n t h e  d i scharge  gap, i .e. ,  Ed/P<<Ud/Pd when Ud/Pd~2 V/cm. m m  Hg 
Hg (curves  II and III in F ig .  4). The obse rved  effect  is evidently connected with s t rong  sc reen ing  of the field 
near  the e l ec t rodes ,  which makes  it poss ible  to de t e rmine  the cathode potential  d rop  U c f r o m  the re la t ion  

u c d -- dd 
Values of U c m e a s u r e d  at d i f ferent  t imes  as a function of the p a r a m e t e r  jc/p "z are  presented  in Fig .  5. The c u r -  
ren t  densi ty  Jc at the cathode was de te rmined  f r o m  the average  cu r ren t  densi ty of the d i scharge  with allowance 
for  the t r a n s p a r e n c y  of the cathode grid.  

Two pr inc ipa l  modes  of maintenance of the cu r r en t  in the cathode l ayer  of a powerful  vo lumet r ic  d i s -  
charge  at a high gas  p r e s s u r e  p ~  1 a tm can be dist inguished which a re  cha rac t e r i zed  by the p a r a m e t e r  6 = 
a j e / e~  , where  a is the Townsend coefficient  of ionization in the cathode l ayer  and Je is the e l ec t ron  cu r ren t  
densi ty .  When 6<<1 the cathode l ayer  is fo rmed  through the generat ion of charged par t i c les  under the action of 
the beam,  while the p roce s s  of impact  ionization is unimportant .  With a d e c r e a s e  in ~b or  an inc rease  in Je, 
i .e . ,  when 5 > 1, the p a r a m e t e r s  of the cathode l aye r  a re  en t i re ly  de te rmined  by impact  ionization and should 
hardly  di f fer  f r o m  those  obtained f r o m  the theory  of a glow d ischarge  [12]. It is evident that this mode  occurs  
in the exper imen t  when the ex te rna l  ionizer  is turned off. We note that  the values of U c =200-300 V o~a ined  
with la rge  jc/p 2 ~ 2 '  10 -5 A /cm 2 �9 m m  ttg 2 a re  in good ag reemen t  with the c l a s s i ca l  normal  cathode poter;tial 
d rop  at low p r e s s u r e s  [12]. 

As a l ready  mentioned,  under the conditions of our  expe r imen t  sc reen ing  of the field by the cathode l ayer  
is absent within the l imi t s  of the m e a s u r e m e n t  accu racy  in the en t i re  invest igated range  of Ud/Pd ~ 0.2-10 
V/6m' m m  Hg when an e l ec t ron  b e a m  is p resen t .  The g rea t e s t  in teres t  is offered by the reg ion  of iow cur ren t s ,  
Le. ,  low Ud/Pd, in which the influence of the cathode potential  drop  on the VAC should be g rea t e s t .  

Let  us e s t ima te  the poss ib le  value of the upper  l imi t  of U c in the p resence  of an e lec t ron  beam.  The in- 
accu racy  in the de te rmina t ion  of Ed/p at sma l l  values  of Ud/Pd < 0.5 V/cm" m m  Hg (see Fig .  4) was ~ 4070, which 
is connected with the weak dependence of the dr i f t  veloci ty  on E/p~ Thus,  with p ~  0.25 arm, Ud/Pd ~ 0.3 V/cm" 
m m  Hg, and Jc ~ 0.2 A/cm 2 (jc/p 2 ~ 8" 10 -6 A/ (mm Hg) 2- cm 2) the value of the cathode potential  d rop  should not 
exceed Uc~ 85 V under the conditions of our  exper iment .  

Simple e s t i m a t e s  show that  such a low value of Uc cannot be explained by the fo rmat ion  of a cathode l aye r  
e i ther  under the act ion of impact  ionization by d i scharge  e l ec t rons  (5 > 1) or  by ex te rna l  ionization (in a c c o r -  
dance withthe Thomson theory)  with an ave rage  ra t e  r ~ 3 �9 1020 cm -'~ . sec -1 over  the d i scharge  gap. 

Evident ly,  the p r o p e r t i e s  of the e lec t rode  l aye r  in the initial s tage of the d i scharge  are  due~o the influ- 
ence of a whole complex of p r o c e s s e s .  In pa r t i cu la r ,  the es tab l i shment  of a s teady cathode potential  drop,  
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which can lead to a decrease  in the actual value of U c [11] observed in the experiment,  does not occur  during 
the format ion of the discharge,  i.e., dur ing the r ise  in n and I d. 

It must be noted that the ionization p rocesses  near the cathode cannot be analyzed without allowance for 
the interact ion of the e lec t ron beam with the surface of the electrode.  In our experiment  the cathode was made 
in the form of a b ras s  grid through which the beam was injected into the d ischarge  gap. The bombardment  of 
the cathode by fast  e lect rons  leads to inelastic ref lect ion of the beam with an efficiency of ~ 0.3 and an average 
energy W~ 0.5W 0, as well as to secondary  emiss ion  of e lect rons  with an energy We ~ 50 eV [13]. One can 
assume that the low-energy component of the sca t tered  e lect rons  and the secondary  electrons can significantly 
increase  the rate of ionization of the gas near the cathode and lead to a dec rease  in U c. Additional exper i -  
ments are needed for a detailed investigation of the mechanism of format ion of the cathode layer  in the p re s -  
ence of an e lec t ron  beam interacting with the surface of the cathode. 

Scat ter ing of the beam on s t ruc tura l  elements  of the discharge gap evidently also has a significant effect 
on the dimensions of the volume of ionized gas, and hence on the v o l t -  ampere cha rac te r i s t i c s  of the d ischarge .  
A decrease  in p ressure ,  i.e., a reduction in ionization losses ,  leads to an increase  in the energy of e lect rons  
scat tered  on the anode, an increase  in the i r  range,  and hence an increase in the c ross  sect ion of the discharge,  
and this was observed in the experiment .  

We note that at a low pressure  p~  0.25 atm the value of S =1350 cm 2 was limited by the size of the anode. 

Data of a measurement  of U c in the presence of weak external  ionization [14] (curve 1) and typ ica l re su ] t s  
of numerical  modeling (curve 2) [7] are given with dashed lines in Fig.  5 for  compar ison.  At a low beam cur -  
rent  density the format ion of the cathode layer  is due to impact ionization and the value of U c coincides with 
our data obtained after stopping the injection of the e lectron beam. The values determined by numerical  model- 
ing exceed the exper imental  data by more  than twofold, which indicates the need for more  complete allowance 
for ionization p rocesses  in the cathode layer  when making model calculations.  

In conclusion, we note that the influence of the cathode layer  on the v o l t -  ampere charac te r i s t i c s  of a d is -  
charge was investigated in the work. The e lec t ron concentrat ion in a powerful volumetric  d ischarge  of N 2 at 
a tmospher ic  p res su re  was measured  for  the f i rs t  t ime.  Universal  VACs of the discharge were obtained. The 
cathode potential drop was determined in the absence of an external  ionizer in a powerful volumetr ic  d ischarge 
at a p ressu re  p=0.25-1 .0  atm in the range of jc/p 2 =lO-~-10 -5 A/cm 2" (mm Hg) 2. The possibili ty of a significant 
dec rease  in U c in the presence  of external  ionization was shown experimental ly,  which is evidently achieved by 
intense ionization of the gas in the cathode layer  by secondary  electrons produced in the interact ion of the high- 
energy beam with the surface of the e lect rode.  

The authors thank V. G. Posukh for help in conducting the measurements .  
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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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