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The p rob l e m  of the reduct ion of the breakdown vol tage of a gas gap when it is acted upon by a high-power 
ionizing pulse is cons idered  in [1]. The prebreakdown t rans i t ion  cu r r en t s  a r e  ca lcula ted  for  a rgon  and a i r  in 
the ca se  of a wide gap (the dis tance between the e lec t rodes  d = 1 cm).  The p rob l em of the f o r m  of the volt - 
a m p e r e  c h a r a c t e r i s t i c  in the h igh-cur ren t  r ange  (the "glow" d i scharge  mode) was not considered.  

The purpose  of the p resen t  paper  is to ca lcula te  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 s  of a n a r r o w  gas gap 
(d =2 �9 10 -9 cn9 in both the high- and low-cu r ren t  reg ions  (the r ange  of cu r r en t s  l imi ted by space  charge) .  

w 1. We will a s s u m e  that the externa l  source  of radia t ion  produces  un i form ionization in the in t e re l ec -  
t rode  gap. This assumpt ion  is sa t i s f ied  quite well  when the e lec t rodes  a r e  f a i r ly  c lose  to one another .  We will 
d i rec t  the x coordinate  f r o m  the cathode to the anode. Then the initial  s y s t e m  of equations and boundary  con-  
ditions have the f o r m  [1-3] 

Oq_lOt = ~(E)i_ - oy_lOx + Q; (1.1) 

Oq + lot = a(E)]_ + 0]+ [Oz + Q; (1.2) 
OElOx = (4n/s)(q, - -  q+); (1.3) 

d 

1_ (0, t) = ~fl + (0, t) + ~ , .  j" o: (E) 1 -  (x, t) dx; (1.4) 
0 

]+(d, t) = 0; 0 . 5 )  
d 

E (x, t) dx = U -- const, (1.6) 
0 

where  q - and q + a r e  the cha rge  densi t ies  of e lec t rons  and posi t ive  ions, j _ and ] + a r e  the cu r ren t  densi t ies  of 
e lec t rons  and posi t ive  ions, E is the e lec t r ic  field, t~ (E) is the impact  ionization coefficient ,  Ti and 7" a r e  the 
coeff icients  of s e c e n d a r y  ionization at the cathode due to the act ion of ion col l is ion and photoeffect,  r is the di-  
e lec t r ic  constant  of the gas ,  U is the applied external  voltage,  and Q is the r a t e  of generat ion of cha rges  by the 
externa l  sou rce  p e r  unit volume.  

Equations (1.4) and (1.5) desc r ibe  the boundary  conditions for  the e lec t ron  cu r r en t  densi ty  at the cathode 
and the cu r r en t  densi ty  of the posi t ive  ions at the anode,  r e spec t ive ly ;  Eq. (1.6) r e f l ec t s  the fact  that the ex-  
t e rna l  voltage a c r o s s  the d i scharge  gap is maintained constant .  

We used the following empi r i ca l  express ions  in the calcula t ions:  

1) in the ca se  of n i t rogen f r o m  [4] v_ = /~ .E /p ,  v+=/~ + E / p  a r e  the drif t  veloci t ies  of the e lec t rons  and 
posi t ive  ions in the e lec t r i c  f ie ld E(x, t); ~(E) = cp exp ( - D p / E ) ,  where  #_ = 2.9 �9 105 cm 2 . r a m  Hg/V �9  + = 
2.103 c m  2 . ~ m  H g / V . s e c ,  c=7.6 ( c m . m m  Hg) -1, p=760 m m  Hg, and D=260 V / c m - m m  Hg; 

2) in t h e  ca se  of a i r  we used the empi r i ca l  express ion  f r o m  [5] for  a (E), /~ _, and /~ +~. 

w To so lve  the s y s t e m  of equations (1.1)-(1.6) an explicit  Calculation scheme  [6] was used in [1-3]. 
The s tabi l i ty  of the calcula t ions  using this approach  is ensured  ff the Courant  condition [2] 
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t >. r = v_~/h 

is ensured,  where  �9 is the t ime  step,  h is the coordinate  s tep,  and r is the Courant number .  Since the e lec t ron  
ve loc i ty  v_ is l a rge ,  the t ime  s tep ~" is  sma l l  which leads to a cons iderable  calculat ion t ime .  An impl ic i t  c a l -  
culation s cheme  is de sc r ibed  in [7] in which the equations of motion of the e lec t rons  a re  in tegra ted  along the 
c h a r a c t e r i s t i c s .  In this  s c h e m e  the r e  is ao local l imi ta t ion on the t ime step,  but a l a rge  number  of i t e ra t ions  
have  to be  c a r r i e d  out at each s tep .  

In the p r e se n t  paper  we use  an implici t  continuous calculat ion scheme  [4]. In this case  it is n e c e s s a r y  to 
i t e ra te  with r e s p e c t  to the boundary condition at the cathode. In fact ,  a single i terat ion was c a r r i e d  out in the 
calculat ions.  Compara t ive  calculat ions showed that the scheme  gives acceptable  r e su l t s  for  a Courant  number  
r =5. This enables  one to economize  cons iderab ly  on computing t ime  as  compared  with explicit  s chemes .  In 
the region of the anode and cathode, reg ions  of high gradients  of the defined quantit ies a r i se .  Hence, we chose 
a nonuniform s tep  with r e s p e c t  to the spat ia l  coordinate  (small  at  the cathode and anode and c o a r s e r  in the r e -  
maining region).  The m i n i m um  s tep  at the cathode was chosen to be h = 4 . 1 0  -4 cm.  

w Consider  the r e s u l t s  of the calcula t ions  desc r ibe  above.  F igures  1-4 r e p r e s e n t  g raphica l ly  the r e su l t s  
of a calculat ion for  n i t rogen for  a radia t ion dosage power I) =3.32" 10 -7 R / s e e  (Q =1 . 1 . 10  -2 C1/cm 3. see) ,  an 
in te re lec t rode  dis tance d = 2 . 1 0  -2 cm,  a gas p r e s s u r e  p=760 m m  Hg, and Ti =0.02. 

F igure  1 shows the v o l t - a m p e r e  cha r ac t e r i s t i c  of a gas gap. Two par t s  can be dist inguished in this 
cha r ac t e r i s t i c :  a region of r e l a t ive ly  smal l  cu r r en t s  (U < U , )  and a region of r e l a t ive ly  high cu r r en t s  (U > 
U ,  , ) .  These  two qual i ta t ively  different  pa r t s  of the v o l t - a m p e r e  cha r ac t e r i s t i c  co r r e spond  to two different  
e lec t r ic  f ield dis tr ibut ion pa t te rns  in the in te re lec t rode  gap. 

F igure  2 shows curves  of the e lec t r ic  field dis tr ibut ion at the point on the v o l t - a m p e r e  cha r ac t e r i s t i c  
U=1200 V < U , .  Curves  1-3 co r re spond  to t imes  t =35 �9 10 -9, 70" 10 -9 ,  and 210" 10 -9 sec a f te r  the b e g g i n g  

�9 of the radia t ion  pulse.  The dis tor t ion of the f ield by the posi t ive space  cha rge  is sma l l  (AE/E0=2 .10  -2 ), and 
the f ield in the cathode layer  is insufficient for  impact  ionization [Q >~ (E)j , ] .  Under these  conditions the c u r -  
ren t  through the gap is de te rmined  by ionic conductivity.  For  a voltage U = U ,  the e lec t r ic  f ield in the cathode 
l ayer  depleted by e lec t rons  r eaches  values  exceeding the ionization threshold.  Due to impact  ionization the 
ionic conductivi ty in the cathode layer  becomes  equal to the e lec t ronic  conductivity in the r emain ing  volume,  
which leads to a reduct ion in the potential  drop in the cathode l ayer  ~md in the th ickness  of the la t ter .  

F igure  3 shows e lec t r ic  f ield distr ibution cu rves  at  a point on the v o l t - a m p e r e  cha rac t e r i s t i c  where  U= 
1400 V > U . . ;  cu rves  1-3 co r r e spond  to the instants of t ime  t =2 . 9 . 10  -7, 3.06" 10 -7, and 3.25 �9 10 -7 see a f te r  the 
beginning of the radia t ion  pulse.  In this case  the e lec t r ic  field in the cathode layer  cons iderab ly  exceeds the 
ionization threshold  (AE/E 0 =20). A na r row cathode region,  cha r ac t e r i z ed  by cons iderable  e lec t r ic  field and 
cha rge  grad ien ts ,  and a wide posi t ive  column in which the field is uni form a re  fo rmed .  The cathode layer  plays 
the ro le  of an unlimited e lec t ron  emi t t e r ,  the value of whose emiss ion  is au tomat ica l ly  maintained at a level  
ass igned  by the conductivi ty of the posi t ive  column. The d ischarge  acqui res  lines cha rac t e r i s t i c  of a glow dis -  
cha rge  when the re  is no radiatiDn. When the change into the glow discharge  mode occurs ,  the  cu r ren t  inc reases  
by  f ive o rde r s  of magnitude.  
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F igure  4 shows calcula ted  cu rves  of the t rans i t ion  cu r r en t  (curves 1) and a lso  shows (curves 2) the t ime  
dependence of the  coeff icient  

The continuous cu rves  co r re spond  to the point on 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  in Fig. 1 where  U=1400 V, 
while the dotted l ines co r r e spond  to the point where  U=1250 V. It is seen f r o m  these  curves  that when U=1400 
V > U . . ,  the coeff icient  /~ (t) is g r e a t e r  thon 1 when t > 15 nsec ,  but there  is no sha rp  inc rease  in cu r ren t .  At 
the instant when the t ransi t ion to the g low-d ischarge  mode occurs  (the instant of sha rp  cu r ren t  increase)/~(t)  
inc reases  rapid ly ,  r each ing  its m a x i m u m  value p .  =22. Then p d e c r e a s e s  just  as sharply .  

The reduct ion in p is accompanied  by a slowing down in the inc rease  in cu r ren t ,  and when/~ r eaches  its 
s t eady - s t a t e  value /~o =0.48, the inc rease  in cu r r en t  c ea se s .  When the applied voltage is increased ,  /~o in- 
c r e a s e s ,  and at a ce r t a in  vol tage U=U* r eac hes  a value of unity, which co r r e sponds  to Townsend breakdown. 
In the ca se  Of low d i scharge  cu r r en t s  (U=1250 V < U . )  the coefficient  /~(t) is a lways less  than unity and the re  
is no sharp ly  pronounced maximum.  

w We made an exper imenta l  check of the theore t ica l  method. To do this we calcula ted 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 s  of an a i r  gap for  an in te re lec t rode  spacing d = 2 . 1 0  -2 c m  at a p r e s s u r e  p =760 m m  Hg and a 
radia t ion dosage power D = (10 s -  10~ t{/sec. F r o m  these  c h a r a c t e r i s t i c s  we found the voltage U .  at which t r a n -  
s i t ion to  the g low-d i scharge  mode occurs .  We then drew graphs  of the coefficient  of r e l a t ive  reduct ion i n b r e a k -  
down vol tage 7/= ( U 0 - U . ) / U  0 as a function of the radia t ion dosage power (Fig. 5, cu rve  1), where  U 0 is the 
breakdown vol tage of a non t r rad ia ted  a i r  gap. This  re la t ion  was also found exper imenta l ly .  The gas was i r -  
r ad ia ted  f r o m  a genera to r  of the type desc r ibed  in [8]. The exper imenta l  r e su l t s  a r e  shown in Fig. 5 (curve 2). 
The ag reemen t  between the exper imenta l  and theore t ica l  cu rves  can be r e g a r d e d  as sa t i s fac to ry .  For  c o m -  
par ison ,  Fig. 5 (curve 3) a lso  shows the r e s u l t s  of n u m e r i c a l  calculat ions of the coeff icient  ~7 c a r r i e d  out in [1]. 
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