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The potentiality of theoretical  calculations of the energy input into a gas, such as an electr ic  d ischarge  
in nitrogen at l a rge  values of E/p,  is indicated. 

The mechanism of the development and dynamics and of s t r e a m e r  p rocesses  in gas gaps with large 
overvoltages have not been studied sufficiently. In [1, 2] theoret ical  investigations were  carr ied  out and ex- 
per imental  data were  presented which indicated that under  conditions of the applied voltage exceeding the 
static breakdown by a considerable  factor,  the d ischarge  mechanism changes qualitatively and differs sig-  
nificantly f rom the well-known Townsend and s t r e a m e r  mechanisms.  In the range of E /p  = 100-500 V / c m .  
t o r r  (E is the electr ic  field intensity and p is the gas pressure) ,  two charac ter i s t ic  [3] stages may be dis- 
tinguished: the nonstat ionary discharge  phase in which a rapid increase  of the cur rent  occurs  and, conse-  
quently, a dec rease  of the voltage during a time of ~ 10 .9 sec. The growth of the current  in this s tage is 
basical ly due to avalanche multiplication of electrons.  In the second stage of quasis tat ionary glowing, the 
d ischarge  cor responds  to a glow discharge  according to a number of indications. At the same  time, the 
cur rent  increase  slows down substantially. The quasiglow discharge continues for  severa l  tens of nanosec-  
onds and then t r ans fo rms  to a spark channel. 

Such a d ischarge  finds important  pract ica l  applications in fas t -ac t ing switches [4] to obtain high-volt-  
age pulses with small  fronts  of cur rent  increase  and also for  excitation of l ase rs  such as the nitrogen lase r  
[5]. 

F o r  the creation of an inverted population between the C3v u and B~Trg levels in nitrogen, first ,  a large 
ra te  of current  increase  is required, and, second, a high electron tempera ture  ~ 10 eV is required; that is, 
a value of E /p  must  be sufficiently la rger  than 2-3 �9 102 V / c m - t o r t  during one period of pumping ,-, 10 .8 sec. 

The quantum efficiency in nitrogen at a wavelength of 3371 A is sufficiently high, ,-, 16%; however, in 
well-known designs the prac t ica l  efficiency is 0.01-0.1%. The fundamental origin appears to be an ineffec- 
tive t ransfer  of energy f rom the s torage  element. 

In the present  paper, the potentiality of theoret ical  calculations of the energy input into a gas, such 
as the electr ic  d ischarge  into nitrogen at l a rge  values of E/p, is indicated. 

Such theoret ical  calculations for well-known designs of nitrogen lasers  a re  not ca r r i ed  out in view 
of the uncertainty of the physical  p rocesses .  On the basis  of the resul ts  of investigations [1], we shall a s -  

sume that the d ischarge  proceeds according to the avalanche mechanism 
L 

Fig. 1 

of current  increase.  We shall assume that in the high-current ,  d ischarge  
s tage the electr ic field is distributed equally along the gap except for the 
precathode region. The distort ion of the field by the spatial d ischarge  in 
the precathode region does not influence the energy contribution signifi- 
cantly. 

The current  ac ross  the gap is determined by [2] 
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the gap being studied. 

where e is the electronic charge, N o is the initial number of electrons,  
d is the in tere lec t rode spacing, a and v a r e  the coefficient of impact 
ionization and the electron drift  velocity, respectively.  The lat ter  
a r e  determined f rom [6, 7] to be 

a =  Ap exp (--  Bp/E), v---- koE/p 

where k0~3 -105 cm 2 t o r r / V ,  sec, A =10 cm" torr ,  B=300 V/cm"  t o r r  
for  the range 30r E / p c 3 0 0  V / c m  " tor r  for nitrogen, p is the gas p r e s -  
sure  in to r r s ,  and t is the t ime. Let us adduce the calculations for  the 
c i rcui t  (Fig. 1) in which the capaci tance C0, charged to a voltage U 0, 
is discharged ac ross  the inductance L into the gas gap R. Because  
of its small  value, we may neglect the influence of the in tere lect rode 
capacitance C. 

The sys tem of equations used in the calculation is 

,, [i ] z - -  ~ = x, y = Nx exp II exp (-- M / x) xd'~ 
t 

0 

i i z = t - - ~ y d r ,  w = 2  xyd'~= Uidt/1/2CoUo 2 

o o o (2)  

Uo y = i  , x =  U . ~ = _ _  31- -  
' / y F  u%' V-~o' Uo 

II=~AkoUoV"~o , N = e N ~ 1 7 6  

where U is the voltage at the gap, U 0 and U. are  the voltages at the 
capacitance during charging and discharging, respectively,  and w is 
the input energy. As the initial conditions, such a maximum value 
N O for  the electrons was used which did not yet influence the voltage 
change at the circui t  elements. We assume that the voltage at the 
capaci tance does not decrease  and it is equal to the initial value U0, 
and the potential at the gap is determined by Eqs. (2) for  the given 
initial voltage at the capacitance. 

An i terat ive numer ica l  solution using a difference vers ion of 
Eqs. (2) is per formed on the EVM-222 computer  according to a stand- 
ard  p r o g r a m f o r  finding the roots  of transcendental  equations. The 
choice of very  smal l  values of A~ =Ti+i--~- i of the o rde r  of 10-3-10 -5, 
which was var ied  to obtain a steady solution, was required  in the p ro -  
cedure  of the voltage dec rease  at the gap. The functional change with 
t ime of the voltage at the capaci tance E . / E  0 (I), the voltage at the 
gas space E / E  0 (2), the current  i / i  0 (3), and the input energy w (4) a re  
shown in Fig.  2 for  specific values of Co= 6300 pF, Ec /p=300  V/cm"  
torr ,  L=3.3  nI-I, and p=30  to r r .  

Because  of the avalanche multiplication a rapid voltage de- 
c r ea se  occurs  at the gas gap, and when E /p  is maintained at 90 V/cm"  
tor t ,  only 17% of the stored energy in the capacitance C o is put into 
the gap. 

An experimental  check was car r ied  out on an apparatus with a 
circuit  shown in Fig.  1, where the capaci tance Co= 6" 10 -9 Fwas  pulse-  
charged to a voltage of U0= 20-30 kV during the breakdown delay of 

The nitrogen p r e s s u r e  was varied f rom 10 to 100 tor r .  The circuit  inductance was 
L= 3.3 �9 10 -9 H, the c ros s  section of the d ischarge  region was 9 cm 2, and interele~trode distance was 2.4 cm. 
The d i scharge  in the gap was initiated by a p re l iminary  i r radia t ion f rom a d ischarge  at the sur face  of the 
supporting insulator of the p r im a ry  gap. Osci l lograms of the cur rent  (curve 1) and the voltage (curve 2) 
for E0/p=300 V / c m .  t o r t  and p=30 t o r t  a re  shown in Fig. 3 in re lat ive units. The voltage was recorded by 
means of a capaci tance divider. 
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A compar i son  of exper iment  and theory  (Figs. 2 and 3) shows good ag reemen t  of the osc i l l og rams  of 
the cur ren t  growth a c r o s s  the gas  gap and the change in the vol tage at the capac i tance  Co, that conf i rms  the 
u s e  of the calculat ion model  desc r ibed  above for  the given conditions. It is difficult to r ecord  the p r o c e s s  
of the vol tage  d e c r e a s e  in the p l a s m a  of the gas  d i scha rge  fo r  a d i scha rge  of the capac i tance  in a c i rcui t  with 
a smal l  wave r e s i s t a n c e  p (in the p resen t  case  p = 0.74 ~), because  the c i rcui t  inductance appea r s  to be  com-  
m e n s u r a t e  with the inductances of the supply and of the discharging p l a sma .  

With a p r e s s u r e  i n c r e a s e  and at constant vol tage  U0, a l inear  ampli f icat ion of the ampl i tude  of t h e m a x i -  
m u m  cur ren t  a c r o s s  the gas  gap is observed  [Fig. 4: 1) U0=31 kV; 2) U0=25 kV]. 

In o r d e r  to ana lyze  the  influence of various f ac to r s  on the vol tage d e c r e a s e  at the gas  gap, an approxi -  
m a t e  solution of the in tegra l  in the  exponent in Eqs.  (2) was found by a t rapezoid  method for  x nea r  unity.  
Let us take 0.6 �9 x �9 1. Neglecting the, vol tage  d e c r e a s e  at the capac i tance  and neglect ing the der iva t ive  dx/dt ,  
we obtain 

: 2 {H [exp (-- M) ~ x exp (-- M/x)]}-* In (i -- x)[Nx ~- exp ( - -M/x)]  -1 (3} 

The function T (X) is  shown by the c r o s s e s  in Fig.  5 together  with the calculated solution fo r  E c / p =  
200 V / c m  " to r t ,  L=1 .1  nil, and p = 3 0  to r t ,  50 to r r ,  and 100 t o r r  for  the curves  1, 2, and 3, respec t ive ly .  
The solid curves  a r e  the vol tages  at the gas  gap E/E0; the dashed curves  a r e  the cur ren t s  i / i  0. As Fig. 5 
shows, the approx imate  method for  the determinat ion of A x = I - - x  d i f fers  f r o m  the exact method by about 
20-30%, and Eq. (3) may  t h e r e f o r e  be  used fo r  the de terminat ion  of the influence of va r ious  f ac to r s  on the 
switching t ime  in the region of l a r g e  E /p .  Hence, it follows f rom Eq. (3) that with a d e c r e a s e  of N, that is, 
with a d e c r e a s e  of L and a corresponding i nc r ea se  of C o (so that the product  LC 0 r ema ins  constant), t h e t i m e  
of the vol tage d e c r e a s e  i nc r ea se s .  This  is  assoc ia ted  with the fact  that a s m a l l e r  inductance allows a l a r g e r  
cur ren t  to be  pas sed  with a significant vol tage d e c r e a s e  at the gap. On the other  hand, with an i nc rea se  in 
II, that is with an i nc r ea s e  of the p r e s s u r e  for  a constant value of E/p,  the switching t ime  dec reases ,  be -  
cause  the t e r m  in the logar i thm grows m o r e  slowly than the fac tor  in front  of the logar i thm d e c r e a s e s .  

With an i nc r ea s e  of E0/p fo r  fixed p, the p a r a m e t e r  II i n c r e a s e s  and M dec reases ;  that is,  the logar i th-  
m i c  t e r m  dec reases ,  and the f ac to r  be fo re  the logar i thm also d e c r e a s e s  the switching t ime.  

It mus t  be  noted that Eq. (3) is der ived in approximat ion  with the d i scharge  of the capac i tance  during 
the switching t ime.  Consequently, the conclusions obtained on the bas i s  of Eq. (3) a r e  valid only when t<< 
1/2  L(L-  0 

The calculat ion method d iscussed  m a y  be  used for  the se lect ion of opt imal  p a r a m e t e r s  of a gas d i s -  
cha rge  circui t  of l a s e r s  in which the excitat ion takes  p lace  by e lec t ron  impact  at high values  of the e lect ron 
t e m p e r a t u r e .  
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