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I t  was shown in [1] that,  to avoid forming a d ischarge  channel in a high p r e s s u r e  gas,  one mus t  have 
m a n y  ini t iat ing e lec t rons  before the s t a r t  of the d ischarge ,  d is t r ibuted  over  the cathode or  through the d i s -  
charge  gap volume.  To achieve this Koval 'chuk et  al.  [2] p roposed  using a beam of fas t  e lec t rons .  The 
p r e s e n t  pape r  p r e s e n t s  r e su l t s  of invest igat ion of a d i scharge  in n i t rogen at p r e s s u r e s  up to 16 a tm,  in i -  
t ia ted  by a beam of e lec t rons  with an ave rage  ene rgy  of 100 to 350 keV. A channe l - l e s s  type of d ischarge  
was obtained for  vol tages  above 105 V and fo r  switched cu r ren t s  of tens  of k i loamperes .  This  type of d i s -  
charge  has typica l ly  a specif ic  abso rbed  power  in the gas  of the o rde r  of 107 to 109 W / c m  3 or  m o r e  for  a 
t ime  of the o r d e r  of 10 -8 sec .  

1. Exper imenta l  Method. The expe r imen t s  were  conducted on the equipment  shown schemat ica l ly  
in Fig. 1 (a - using d ischarge  of a long line, and b - d ischarge  of a capaci tor) .  The e lec t ron  beam was 
fo rmed  by d i rec t  acce le ra t ion  f rom a high-vol tage nanosecond pulse genera to r  using a mul t i sp ike  cathode 
as  load. The high-vol tage  pulse was fo rmed  ,by means  of coaxial  line s y s t e m  9, connected in the Blumlein 
manner  [3], charged  f rom the pulse t r a n s f o r m e r  10, through the p r i m a r y  winding of which a ba t te ry  of low- 
inductance capac i to r s  C 1 was d i scharged  via the mult igap s p a r k - g a p  13 [4]. The pulse front  was fo rmed  
by the s p a r k - g a p  8,whose action is to at tain the m a x i m u m  charge  vol tage.  The pulse of ampli tude 300 kV 
and duration 10 -8 sec is  applied to the mul t i sp ike  cathode 7, producing emiss ion  of e lec t rons .  The duration 
of the e lec t ron  beam fo rmed  by the a c c e l e r a t o r  is  10 -8 sec;  the r i s e  t ime  of the e lec t ron  cu r r en t  i s  3 . 1 0  -9 
sec (Fig. 2a); the m a x i m u m  elec t ron  ene rgy  is  W, =300 keV. The energy  distr ibution of the e lec t rons  in 
the beam af te r  i t  p a s s e d  through the co l l ima to r  2 with t i tanium foil of th ickness  50 tt was evaluated by 
pass ing  the beam through a set  of ca l ib ra ted  A1 foils of th ickness  20 it. The m a x i m u m  energy  of the e l ec -  
t rons  that  had t r a v e r s e d  the Ti foil was W. = 180 keV; the m o s t  probable  e lec t ron  ene rgy  was W 0 ~ 70 keV. 
The e lec t ron  cu r r en t  behind the foil was control led to be in the range 20 to 100 A, by va ry ing  e i ther  the 
acce le ra t ing  vol tage or  the a n o d e - c a t h o d e  dis tance in the acce le ra t ing  gap. The e lec t ron  cu r r en t  was 
m e a s u r e d  by means  of a F a r a d a y  cyl inder .  The beam a rea  at i ts  exit  f r o m  the foil was 20 cm 2. The c u r -  
ren t  densi ty  dis tr ibut ion a c r o s s  the beam was of Gauss ian  type.  

After  pass ing  the co l l ima to r  2 the beam was led out into the d ischarge  tes t  gap 1 (Fig. la) ,  through 
which was d i scharged  the long line 11, charged  synchronously  with the a c c e l e r a t o r  f r o m  the pulse t r a n s -  
f o r m e r  12, through whose p r i m a r y  winding the low-inductance capac i to r  C~ was d i scharged  via  the mul t i -  
gap switch 14. 

The line 11 (the d ie lec t r ic  is  g lycer in ,  the c h a r a c t e r i s t i c  impedance  R = 10 ohm) fo rmed  voltage 
pulses  of duration 8 .10  -8 sec with ampli tude up to 250 kV. The charging t ime  of the shaping line f r o m  the 
pulse t r a n s f o r m e r ,  equal to 0.5 �9 10 -6 sec ,  gave a voltage at the t e s t  gapU 0, which exceeded the s ta t ic  b reak -  
down voltage U.  by a fac tor  of 2 ( f l=U0/U,  -<2). The charge  voltage was m e a s u r e d  by means  of the r e s i s -  
t ive divider  Rq; the d ischarge  cu r r en t  was r eco rded  as  the signal at the points 15 f r o m  the low-ohm, non-  
inductive shunt R ,  in the I - 2 - 7  osci l loscope.  
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The t e s t  d i scharge  gap 1 of control led length d = 2 to 20 m m  was filled with ni t rogen at p r e s s u r e  p = 1 
to 16 a tm.  

P r e l i m i n a r y  expe r imen t s  were  done with a d ischarge  c i rcu i t  (Fig. lb) in which the s to rage  e lement  
was a group of noninductive c e r a m i c  capac i to r s  5, s e r i e s  connected, with equivalent  capaci tance  C =3400 
pF.  The capac i to r s  were  charged  f rom the DC voltage source  3 to U 0 ~ 50 kV (the gap vol tage did not ex -  
ceed  the s ta t ic  breakdown value,  U 0 ~ U. ,  P-~ 1). The length of the d ischarge  gap 6 was va r i ed  in the range  
d=2  to 10 m m ,  and the n i t rogen p r e s s u r e  in the d ischarge  chambe r  was p = l  to 16 arm.  The d ischarge  
cu r ren t  was m e a s u r e d  by means  of the carbon shunt 4 whose signal was r eco rded  on the I - 2 - 7  osc i l lo-  
scope.  The e lec t ron  beam in this case  was fo rmed by a d i r ec t  nanosecond a c c e l e r a t o r  [5] with a pointed 
cathode 7. The t e s t s  were  made  with e lec t ron ene rgy  W, =350 keV and e lec t ron  cu r r en t  behind the tung-  
s ten foil of the co l l ima to r  2 of i_=200 A; the cu r r en t  pulse  duration was 2 . 1 0  -8 sec;  the pulse  r i s e t i m e  
was 3 . 1 0  -9 sec (Fig. 2e). 

2. Exper imenta l  Resul t s .  Discharge  of Long Line. F igure  2, I shows osc i l l og rams  of the e lec t ron  
(a) and d i scharge  (b, c, d) cu r r en t s  during discharge  of the long line; Fig. 2, II  shows o sc iUograms  of the 
e lec t ron  (e) and d i scharge  (f, g, 11) cu r r en t s  during d ischarge  of the capac i tor ;  and Fig. 2, HI shows photo-  
graphs  of the in tegra ted  light in the d ischarge  gap during d ischarge  of the capac i tor .  F o r  a d ischarge  gap 
voltage of l e s s  than the s ta t ic  breakdown (U 0 < U.),  Fig. 2b shows osc i l l og rams  of d i scharge  cu r r en t  at  
p r e s s u r e s  p = l  to 16 arm and gap lengths d=2 to 20 ram.  Here  a weak reddish glow i s  seen in the d i s -  
charge gap, un i formly  d is t r ibuted  over  the in te re lec t rode  volume,  and inc reas ing  with i n c r e a s e  of the d i s -  
charge  voltage U 0. Fo r  vo l tages  U0>U , (at p r e s s u r e s  p-~3 arm) the re  is  a shstr p jump in the switched c u r -  
ren t  (Fig. 2c) at  some  t ime  delay t ,  following the initial  d i scharge  cu r r en t  peak; and the usual  na r row,  
brightly luminous spa rk  channel i s  seen in the d ischarge  gap. F o r  a d ischarge  gap p r e s s u r e  of p ~ 1 arm 
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and i n c r e a s e d  d i scharge  voltage U 0 > U. ,  the luminosi ty  in the d i scharge  gap i n c r e a s e s  with no vis ib le  
signs of the volume charge  being cons t r i c t ed  into the spa rk  channel; the d ischarge  cu r r en t  has  then the 
f o r m  of Fig. 2d. 

F igure  3 (curve 1) shows a typical  v o l t - a m p e r e  c h a r a c t e r i s t i c  for  d i scharge  of the long line in the 
p r e - s p a r k  s tage,  with i_ = 50 A, p=  7 arm, and d= 1 cm.  

Three  sect ions  can be identified in the cha rac te r i s t i c :  for  U 0 << U.  the d ischarge  cu r r en t  i n c r e a s e s  
l inear ly  with i n c r e a s e  in voltage; then the d ischarge  cu r ren t  " s a tu r a t e s  n fo r  vol tages  f r o m  U ~ to U,;  and 
finally, for  l a r g e r  U ,  (for fi > 1) there  is  a fu r ther  l inear  i n c r e a s e  of d ischarge  cur ren t .  

F igure  3 (curve 2) shows a typical  dependence of the t ime  delay for  excitat ion of the spa rk  s tage of 
the d i scharge  t .  on the gap vol tage U0, for  the case  i_=20 A, p = 7  arm, and d = l  cm.  F o r  fi=l to 1.2 the 
delay t ime  t .  = 10 to 20 nsec ,  and for fu r the r  i n c r e a s e  in fi, t ,  i s  p r ac t i ca l l y  ~ l0 -9 sec and below. 

F igure  4 shows the d ischarge  cu r r en t  I as  a function of the ini t ial  e lec t ron  cu r r en t  i_ for  U ~ < U 0 < U.  
(curve 1) and for  U 0 > U. (curve 2) with pd = 760 t o r r .  cm,  and a lso  I as  a function of p in the d ischarge  gap 
for  E / p = c o n s t  and d = l  cm,  i_=50  A (curves  3 and 4). The curves  have a m a x i m u m  in the p r e s s u r e  range  
p = 3  to 8 a tm.  

Discharge  of tile Capaci tor .  Exper imen t s  were  done on discharging the capac i to r  5 (Fig. lb) f rom 
constant  voltage U 0 ~ U.  (fi-< 1). As r e g a r d s  the v o l t - a m p e r e  cha r ac t e r i s t i c  the d ischarge  has typical ly  
only two sect ions  p r e s e n t  in the v o l t - a m p e r e  c h a r a c t e r i s t i c  of d ischarge  of a long line (Fig. 3, curve  1): 
an ini t ial  l inear  growth of the d ischarge  cu r r en t  with i nc r ea se  of the vol tage,  and d i scharge  c u r r e n t  sa tu -  
ra t ion at voltage c lose  to the s ta t ic  breakdown value U,.  

F igure  5a shows the d ischarge  cu r r en t  I as  a function of the charge  voltage on the capac i to r  U 0 for  
n i t rogen p r e s s u r e s  p = 4 ,  7, 10, 13, and 16 arm (curves 1 to 5, respect ive ly) ;  Fig. 5b shows I as a function 
of p for  different  vol tages  U 0 (30, 18, and 4 kV for  curves  1 to 3, respec t ive ly) .  

F igure  2, III  is  a photograph of the in tegra ted  k tminescence  f r o m  the gap during d ischarge  of the 
capac i to r  charged  to U 0 =30 kV (p = 1 arm, d= 1 cm,  A - anode, C - cathode). 

F igure  2f is  a cu r r en t  o sc i l l og ram of the capac i to r  d ischarge  with U 0 = U, through an o rd ina ry  spa rk  
channel with no init ial  beam cur ren t .  The d ischarge  cu r r en t  i s  osc i l l a to ry  with per iod  and ampli tude de-  
t e rmined  by the capac i to r  (C =3400 pF),  the inductance (which cons is t s  of the inductance of the spark  and 
that  of the d ischarge  sys tem) ,  and the act ive  r e s i s t ance ,  which decides the dec remen t  of the cu r r en t  o s -  
c i l la t ions.  

The e lec t ron-beam-in i t ia ted  cu r r en t  o sc i l l og rams  a re  shown in Fig. 2g for  p = 1 arm, and in Fig. 2h 
for  p = 6 arm; for  p >> 1 arm the cu rva tu re  of the switched cu r r en t  f ront  i s  g r ea t e r .  

The d i scharge  cu r ren t  ini t ia ted by the e lec t ron  beam at ta ins  values  equal to the f i r s t  ha l f -wave  of 
the switched cu r r en t  when the d ischarge  gap is  sho r t - c i r cu i t ed  by an o rd inary  spa rk  channel (Fig. 2f, g, h). 

I t  should be noted that  in these  expe r imen t s  the e lec t ron  beam is  in jected into the d i scharge  gap f r o m  
both the cathode and the anode s ides .  No dif ference was noted in the nature of the gas  luminescence ,  
the cu r r en t  o sc i l l og rams ,  and the main  exper imenta l  dependences in the conditions invest igated.  

3. Der ivat ion of Theore t ica l  Relat ions.  We cons ider  a gas gap of length d with e lec t r i c  field E 0 and 
gas  p r e s s u r e  p. I f  a uni form e lec t ron  beam of c r o s s  section S, cu r r en t  densi ty j_, and ene rgy  W (Fig. 6b) 
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is injected into the gap f rom the cathode E through the aper tu re  
D to the anode A, then, n e g l e c t i n g s e c o n d a r y  p r o c e s s e s  at the 
cathode, and taking account of col l is ional  ionization (ionization 
by beam elect rons)  and e lec t ron  drift ,  we obtain the e lec t ron  
continuity equation 

0p_ (x, t) 0f_ (x, t) v_ (x, t) 
ot - o~ + ~ (x, t) v_ (x, t) ~_ (x, t) + ~ (t) (3 .1 )  

We use the Po i sson  equation to calcula te  the effect  of 
space  charge :  

0E (z, t) p+ (x, t)-- p_ (x, t) 
0x 8o 

(3.2) 

where  p_(x, t) and p+ (x, t) a r e  the charge  densi t ies  of e lec t rons  
and ions in the gap, v . (x ,  t) and  c~(x, t) a r e  the dr if t  ve loc i ty  and col l is ional  ionization coefficient,  e0 is  the 
d ie lec t r ic  p e r m e a b i l i t y  of vacuum, E(x, t) i s  the field s t rength in the gap  

(t) = j_ (t) nop <a) (3.3) 

n0=3.5 �9 1016 cm -3- t o r r  -1, <~> is  the ave rage  ionization c r o s s  section (cm2), and p is  the gas p r e s s u r e  in 
the gap ( torr) .  The boundary and initial conditions a r e  

p_(0, t) = 0, p_(x, 0) = 0 (3.4) 

The quant i t ies  v_(x, t) and a(x ,  t) a re  de te rmined  by the f ield s t rength  E(x, t), and the l a t t e r  i s  de-  
t e rmined  by the potential  d i f ference  a c r o s s  the gap U(t). The value of U(t) i s  de te rmined  f rom the Kirehhoff  
equation for  the c i rcui t .  

In the gene ra l  case  i t  is  difficult to solve the s y s t e m  of equations (3.1) and (3.2) and the re fo re  we 
make  cer ta in  s impl i f ica t ions .  We a s s u m e  that the gap cur ren t  i s  de te rmined  by drif t  of pos i t ive  column 
e lec t rons ,  for  which at any t ime  instant  OE/dx=O because the p l a sma  is  quas i -neu t ra l .  I f  the condition 

to to 

~ < t ~  i a( t ) t ' - ( t )d t>>l '  f ~ ~ i  (3.5) 
0 0 

holds for  the e lec t ron  flux duration T and gap length d, where t ~ is  the d ischarge  development  t ime ,  then 
f rom Eq. (3.1) the d ischarge  c i rcui t  cu r r en t  i s  given by 

t 
N~e~ . . . .  (t) (~ (3.67 

0 

<~> n o p S d  i No = .  "~ ~ J- (tl) dr1 
O 

This avalanche cu r r en t  growth p r o c e s s  was cons idered  in detail  in [1, 2]. 

We now turn to the o ther  case ,  where  

to 

= t  ~ , y a(t) v _ ( t ) d t ~ t  (3.7) 
0 

I f  the po ten t ia l  d i f ference  between the cathode and anode is  such that U 0 = E0d < U.  (U. is  the stat ic 
breakdown.voltage),  then, when conditions (3.7) hold, we have 

to 

S v_(t)dt<~d (3.8) 
o 

Conditions (3,7) an d (3.8) mean that collisional ionization by electrons can be neglected and that the 
elec t ron drif t  length is  much l e s s  than the gap length. 

With condition (3.7) an d taking into account that  

v (t) = k0 ~ (t) - - V -  
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the solution of Eq. (3.6) for the capaci tor  discharge leads to a c i rcui t  cur ren t  of 

i ( t ) = U o X t e x  p [ - - t ~  (3.9) 
k 2c / 

and for  line discharge the cur ren t  is 

i (t) = l +U~ ' L = noko d<Z> i_ , i_ = j_S ----- coast (3.10) 

where i is the initiating electron beam cur ren t  for t < r .  For  t<0 ,  i_=0 .  I t  follows f rom Eq. (3.9) that 
the cur ren t  pulse amplitude is 

z = u0 Vx-~7273 (3.11) 

Substituting the value of h f rom Eq. (3.10), we obtain 

U--L~ 1.6 V d  /nok o <~> L_C (3.12) 
I --- 

F r o m  Eqs. (3.9) and (3.10) and the Kirchhoff equations we obtain, respect ively  

U o ~ t  - r ~ (3.13) W = l 'o( , + R . - j  

for the energy  in the gap. 

Equations (3.9)-(3.13) were obtained for the following conditions: the field along the gap E = E(t) is 
uniform and the ionization c r o s s  section a=  (~> =const  throughout the whole gap. This last  condition r e -  
quires  that the beam electron energy ~ 10 5 eV, and that the loss in the gas AW<<W. 

Figure 6a [6] shows <~> (W) for  nitrogen.  Figure 6a also shows the product pd as a function of e lec-  
t ron energy W, f rom which we can see what minimum electron energy W is required  for  the beam to c ross  
a gap of length d at a p r e s s u r e  p of nitrogen. 

The effect of space charge on the field strength along the gap was calculated in solving the sys tem 
(3.1) and (3.2) by a method of success ive  approximations.  In the calculation the voltage drop in the switch 
was assumed constant and equal to U0, and avalanche multiplication of electrons was not taken into account. 
As a zero  o rder  approximation the field strength over the whole gap was taken to be constant. The solu- 
tion of Eq. (3.1) with r ( t )=const  has the form 

p_ (x, t) = t~x/v_ for 0 ~ x ~ V_~ p_ (x, t) = tp t for v~ ~ x ~ d (3.14) 

The cathode voltage drop was obtained by solving Eq. (3.2) in the second approximation, i .e. ,  

t* 

U~.~Uoo) (2t*--e  "- '*= y e~' d~) (3.15) 
0 

where 

t* = t l f ~  
2 V ~ '  

2 Vk-Tg V'o 
o) 

Putting U _ / U  0 << 1, we have f rom Eq. (3.15) and for t* > 2 

U-/Uo <~ 2koUot/pd ~ ~ .  2v- ~ t/d (3.16) 

I t  is  not difficult to see that with condition (3.8), according to Eq. (3.16), U_ << U 0. This means that 
when Eq. (3.8) is sat isf ied the effect  of space charge on the cur ren t  can be neglected. 

4. Discussion of Results .  Photograph HI in Fig. 2 of the discharge of the capaci tor  in tile gap with 
the electron beam shows the three-d imens ional  nature of the discharge.  In the case of the long line this 
kind of discharge was observed at a p r e s s u r e  p= 1 arm for an overvoltage t <  2 during the whole pulse 
formed by the line (Fig. 2d); for p>3  a t m a  vohune discharge was observed a t /3<  1.2 for a t ime t ,  before 

807 



the advent of the spa rk  s tage (Fig. 2c); for  fl-< 0.6 and p > 3 a tm the re  was no spark  s tage,  i .e . ,  t ,  > 0 .3 .10  -6 
sec (Fig. 3, cu rve  2). The p r o c e s s e s  leading to breakdown with U0< U, a r e  evidently analogous to the case  
where  the d i scharge  is  t r i g g e r e d  by intense UVillumination.  I t  should be noted that  even for  fl> 1 and p>3  
a tm one can obtain a channe l - l ess  d ischarge  by using high init ial  e lec t ron cu r r en t s  (i_ > l0 s A). For  condi-  
t ions t < t ,  the re  a r e  no t r a c e s  of e lec t rode  eros ion .  Thus, i t  has  been conf i rmed  exper imenta l ly  [2] that  
the channel can be e l iminated if  one p a s s e s  an e lec t ron  beam through the d ischarge  gap. 

The unipolar  na ture  of the cu r ren t  pulses  (Fig. 2g and h) with the e lec t ron  beam presen t ,  and the con-  
tinuous osc i l l a to ry  nature  of the d ischarge  with the beam absent  (Fig. 2f), indicate  an i n c r e a s e  in the power  
of the volume discharge  with t h e b e a m ,  compared  to that of the spa rk  d ischarge .  F o r  C=3400 pF,  U0=45 
kV, the ave r age  power  in the d ischarge  with the beam for  a t ime  t ~  2 - 10 -8 sec is  m o r e  than 108 W, and 
the specif ic  value is  N 107 W / c m  3. 

The absence  of spa rks ,  the l a rge  specif ic  power,  and the delay in the appearance  of the spa rk  s tage 
a f t e r  cu r t a i lmen t  of the beam cu r r en t  mean  that a d ischarge  with a beam can be used without obtaining 
shor t  h igh- in tens i ty  c u r r e n t  pulses ,  in a switch with voltage U0> l0 s V and shor t  t r i g g e r  t ime,  for  pumping 
gas  l a s e r s ,  etc.  

The theore t ica l  re la t ions  of Sec. 3 allow us to explain the exper imenta l  data for  s t rong  overvol tages  
and low vol tages ,  and a lso  in conditions where  (~) depends only a l i t t le  on the p a r a m e t e r  pd of the gas  gap 
and the beam cu r r en t  does not  change in pass ing  through the gas.  F o r  example ,  according to Eq. (3.12), 
the slope of curve  1 (Fig. 5) for  the capaci tance is  p rac t i ca l ly  independent of p in the range 4 to 10 arm.  
Similar ly ,  the cu r r en t  I (curves  1 to 3 in Fig. 5b) for  the capac i tance  in the range  p=4 to 10 a tm  does not 
depend on p, as  follows f r o m  Eq. (3.11). In these  conditions pd=(0.2  to 0.8) �9 104 t o r t ,  cor responding  to 
AW-<50 keV. Taking into account  that the mos t  p robable  e lec t ron  ene rgy  W~ 70 keV in this exper iment ,  
we obtain for  p < 1 0  arm ((r)~ 10 -1Y cm 2. F r o m  Eq. (3.12), with (cr)~ 10 -IY cm 2, C=3400 pF,  i =200A,  d = 
0.8 cm,  we have U0/I  ~ 4 ohm. The exper imenta l  value of U0/I = (2.2 to 3.3) ohm, accord ing  to Fig. 5. The 
d i sc repancy  apparen t ly  a r i s e s  f rom our  neglect  of beam e lec t rons  with energy  W < 10 keV in calculat ing 
the ionizat iom 

The d e c r e a s e  in I / U  0 with i n c r e a s e  of p for  p>  10 a tm (curves  2 and 3) occurs  for  A W ~ W  a n d l a r g e r  
when t he r e  i s  absorpt ion of a cons iderable  f rac t ion  of the beam e lec t rons  in the gap. In this case  

I/Uo = ekoN/P d~ (4.1) 

where  N =  const  i s  the n u m b e r  of e lec t rons  fo rmed  by the beam in the gap. Then, for  d=cons t ,  I / U  0 ~ 1/p. 
An analogous phenomenon apparen t ly  t akes  place in d ischarge  of the line (curves  3 and 4 of Fig. 4). I f  we 
put E0 /p=cons t  in Eq. (4.1), then for  d= con s t  the cu r r en t  I does not depend on the p r e s s u r e  p (the flat  p a r t  
of the cu rves  with p = 2 to 8 arm). 

The recombina t ion  l o s s e s  apparent ly  become apprec iab le  at l a rge  p r e s s u r e .  According to [7], for  
Vfl-fl,r 1, where  fl, i s  the recombinat ion coefficient,  the density o f e l e c t r o n s t e n d s  towards  saturat ion.  
F o r  example ,  for  ni t rogen ( 8 . = 3 . 1 0  -Y cm3/sec  [7]), when t = 1 0  -8 sec,  j_=5  A / c m  2, ( ~ ) = 4 . 1 0  -18 cm 2, this 
occurs  for  p > 10 arm.  Unfortunately fl, depends s t rongly  on the t e m p e r a t u r e s  of the molecu les  and e l ec -  
t rons  and the type of recombinat ion,  and the re fo re  one mus t  have additional informat ion  on the g a s - d i s -  
charge  p l a s m a  in o rde r  to ca lcula te  the recombinat ion los ses .  Clear ly ,  the cu r r en t  drop for  p > 8 arm 
(curves  3 and 4 in Fig. 4) is due to recombinat ion lo s ses  when a cons iderable  f ract ion of the e lec t ron  
beam is  abso rbed  in the n e a r - c a t h o d e  region of the d ischarge  gap. 

The l inea r  i n c r e a s e  of the cu r ren t  I(i_) for  the l ine (curve 1 of Fig. 4) for  U 0 = const  (8 < 1) ag r ee s  
with the theore t ica l  re la t ion  Eq. (3.10) for  RAt<< 1 and low values of p. The constant  value of I (curve 2 of 
Fig. 4) with i n c r e a s e  of i_ for  U 0 > U, i s  eas i ly  explained by the laws obtained in [1]. According to [1], with 
avalanche mult ipl icat ion of e lec t rons  in the gap, I does not depend on the init ial  number  of e lec t rons .  The 
l inear  dependence of the d ischarge  v o l t - a m p e r e  cha r ac t e r i s t i c  (curve 1 of Fig. 3) for  U 0 << U,  has  the s ame  
cause  as curve  1 of  Fig. 4; the re  is  Wsaturation" for  120 < U 0 < 180 kV when condition (3.16) does not hold. 
In that  case  the dec r ea s e  in cu r r en t  i s  due to a volume charge  effect.  The fur ther  i n c r e a s e  of I(U 0) for  
U 0 > 180 kV i s  due to avalanche mult ipl icat ion of e lec t rons .  

A number  of expe r imen t s  were  a lsoconducted  with d ischarge  of a line, the a im being p rac t i ca l  use of 
the phenomenon under  study. With the nanosecond pulse  genera to r  at  1 MV a beam with i_ = 2000 A and 
e lec t ron  energy  ~350  keV was used. With ni t rogen p r e s s u r e  p = 7  arm the maximt tm cu r r en t  in a channel-  
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l ess  discharge was I=4  �9 104 A at U0= 700 kV, and the specific energy  then dissipated was ~ 10 J / c m  3. The 
possibi l i ty  was also invest igated of obtair, ing the l a rges t  p lasma volume. Here  the cathode and anode a rea  
was S = 40 x I cm 2. A band-type line was discharged in the gap. The e lec t rons  were  in jected through the 
cathode f rom a thin foil, the spike of the cathode of the acce l e r a to r  being located along the ent i re  cathode 
of the discharge gap (i.e., over  a length of 40 cm). The injected e lec t ron cu r r en t  was ~ l0 s A at energy up 
to 400 keV. With d = l  cm, p-<6 arm (CO 2 or  O z) and voltage on the band line of 70 kV, a discharge through-  
out the whole gas volume was obtained. 

In addition, the s torage line was discharged using the so-ca l led  "sel~- t r igger  u of the discharge gap. 
To do this the cathode of the spark-gap was joined to ground via an inductance, and a vacuum diode with a 
mult i -point  cathode was placed between the spark-gap cathode and ground. During the discharge in the gap 
a voltage was applied to the diode, causing emiss ion of e lec t rons  in the diode and acce le ra t ing  the break-  
down of the gap. 

The possibi l i ty  of us iuga channel- less  discharge to make up a zero- inductance  switch has a l ready 
been d iscussed  [2]. The channeled discharge  exci ted by the beam can also be used. In fact,  the discharge 
channel can be t r igge red  in a t ime of 10 -9 see (Fig. 3). This would allow para l le l  t r igger ing  of severa l  
channels in a single gap, which would appreciably reduce the losses  in the spark and i ts  inductance. 
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