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An ana lys i s  is  made  of the opera t ing  c h a r a c t e r i s t i c s  of a powerful  glow d i s c h a r g e  used in a 
CO~. l a s e r  sy s t em for  the pumping of an extended uniform s t r e a m  of working medium c i r c u l a t -  
ing through a c losed  c i r cu i t .  The veloci ty  of the medium is 30 m / s e e  and the p r e s s u r e  is 
about 20 mm Hg. Di f f icu l t ies  connected with ins tab i l i ty  and the poss ib i l i t y  of pinching of the 
d i s c h a r g e  (convers ion into an arc)  a r e  overcome.  The r e s u l t s  of sys t ema t i c  exper imen ta l  
s tudies  of the opera t ing  condi t ions of the d i s c h a r g e  a r e  p resen ted .  It is  shown that  the power  
leve l  achieved (10 W / c m  2) depends on the choice  of r e s o n a t o r  cons t ruc t ion  and is not l imi t ing  
for  the s y s t e m  se lec ted .  

1. In the sea rch  fo r  eff icient  gas l a s e r  s y s t e m s  an impor tan t  ro l e  is p layed by the p r o p e r  cho ice  of a 
sy s t em and by the specif ic  cons t ruc t ion  of the s y s t e m  for  exci tat ion of the ac t ive  medium. E l e c t r i c - d i s -  
cha rge  CO 2 l a s e r s  al low one to obtain an eff iciency c l o s e  to the quantum eff iciency [1]. The maximum a t -  
ta inable  genera t ion  power  of such s y s t e m s ,  on the assumpt ion  of an ideal  r e sona to r ,  is de t e rmined  by the 
value P = cNWV/r, where  e is  the quantum efficiency (equal to 0.41), N is the number  of CO 2 molecu les  pe r  
unit volume,  W is the exci tat ion potent ial  of the upper  l a s e r  level  00~ V is the volume of the ac t ive  m e -  
dium, and r is the depopulat ion t ime  of the l o w e r  l a s e r  level  10"0, which co inc ides  with the re laxa t ion  t ime  
of the level  only in a gas with an infinite heat  capac i ty .  In a rea l  gas ,  r is l imi t ed  by the cooling r a t e  of the 
gas. In l a s e r s  with a longitudinal  ( r e la t ive  to the opt ica l  axis) d i s c h a r g e  the gas is cooled mainly through 
conduct ive  heat  conduction through the wall  of the d i s c h a r g e  tube. The diffusion t ime  is 

•a ~ dl 2/j~12 , 

where  d 1 is the t r a n s v e r s e  d imens ion  of the tube, 2, is the f r ee  path length of a molecule ,  and v is the t h e r -  
mal veloci ty .  In this  c a s e  the l a s e r  power  cannot be r a i s e d  either by i n c r e a s i n g  the c r o s s - s e c t i o n a l  a r e a  
of the working volume of the ac t ive  medium (r d grows in the s ame  propor t ion)  o r  by inc reas ing  the gas 
densi ty  (because of the s imul taneous  d e c r e a s e  in the f r ee  path length). A more  eff icient  means  of p r e v e n t -  
ing overhea t ing  is the rapid  pumping of the working gas through the d i s c h a r g e  region.  The t ime  of changing 
and convec t ive  cool ing of the ac t ive  medium is then de t e rmined  as r c = dz/u, whe re  d 2 is the length of the 
ac t ive  medium along the s t r e a m  and u is the veloci ty  of the s t r e a m .  The genera t ion  power  i n c r e a s e s  l i n -  
ear ly  with an i n c r e a s e  in gas dens i ty  and the channel  width of the d i s c h a r g e  chamber .  

The changing t ime  T c of the gas is de t e r m i ne d  by the channel c r o s s  sect ion of the d i s c h a r g e  c h a m b e r  
and cannot  be g r e a t  in l a s e r s  with a longitudinal  d i scha rge .  The tendency toward an i n c r e a s e  in the r a t e  of 
changing the working medium led to the c r ea t i on  of e l ec t r i c  d i s c h a r g e  l a s e r s  with t r a n s v e r s e  pumping of 
the gas [2-7], which provided  a sha rp  i n c r e a s e  in the genera t ion  power  c o m p a r e d  with previous  types  of 
CO 2 l a s e r s .  Except ional ly  high gas flow r a t e s  a r e  r equ i r ed  to mainta in  the high energy efficiency of a l a s e r  
with t r a n s v e r s e  pumping, which l im i t s  the dura t ion  of continuous opera t ion  in s y s t e m s  of the open type. The 
poss ib i l i ty  of achieving the opera t ion  of a c losed  cyc l e  with continuous c i r cu la t ion  and cooling of the working 
medium [6] is of in te res t .  

In the p r e s e n t  r epo r t  one of the va r i an t s  of the CO 2 l a s e r  sy s t em is d e s c r i b e d  which has a r e l a t ive ly  
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I simple excitation geometry - the use of an extended uniform glow dis- 
s J charge of high power (up to i0 kW) for the pumping with rapid circulation 

�9 ~ of the working medium through a closed circuit. 

The optimum geometry of a circulating discharge chamber must be 
a b 

determined by the mutual orientation of the optical axis S of the resona- 
tor, the vector u of the stream velocity, and the vector E of the electric 

I [ ~ . /  fieldstrength. Fivepossiblevariantsofthemutualorientationcanbe 
E distinguished (Fig. i). From the point of view of obtaining the efficient 

extraction of the radiation it would be advantageous to locate the optical 
'~ J axis along the major dimension of the discharge chamber. In this case f 

c d high amplification is obtained in one passage of the electromagnetic 
wave within the resonator. Such a variant a is realized in the traditional 
laser system with a longitudinal discharge and longitudinal flow [8]. It 
p r e v e n t s  the  a c h i e v e m e n t  of e f f i c i en t  c o n v e c t i v e  coo l ing .  T h e  s a m e  
d r a w b a c k  p e r t a i n s  to v a r i a n t  b with a t r a n s v e r s e  d i s c h a r g e  and l o n g i -  

, tud ina l  pumping  [9]. In v a r i a n t  c with t r a n s v e r s e  pumping  and a l o n g i -  
S tud ina l  d i s c h a r g e  the long  d i s c h a r g e  is  s t r o n g l y  "blown out" a long  the  l 

c o u r s e  of the  s t r e a m .  S t a b i l i z a t i o n  of the  d i s c h a r g e  can  be  a c c o m p l i s h e d  
F ig .  1 by the add i t i ona l  a p p l i c a t i o n  of an e x t e r n a l  magne t i c  f i e ld  [6]. T h e  c o n -  

f i g u r a t i o n  d, d e s c r i b e d  in [3], has  the  d r a w b a c k  tha t  the  e l e c t r o d e s  a r e  
l o c a t e d  in the  gas  s t r e a m  and r e t a r d  it. V a r i a n t  e with m u t u a l l y  o r t h o -  

gonal  v e c t o r s  of s t r e a m  v e l o c i t y ,  e l e c t r i c  f i e ld  s t r eng th ,  and  op t i ca l  ax i s  i s  f r e e  of t h e s e  d r a w b a c k s .  In i t  
an e s s e n t i a l  cond i t i .m  mus t  be  s a t i s f i e d :  to p r o v i d e  s t a b i l i t y  of the  t r a n s v e r s e  d i s c h a r g e  o v e r  a g r e a t  

1 ength. 

C o n s t r u e t i , m s  e x i s t  in which the  d i s c h a r g e  c h a m b e r  c o n s i s t s  of a s y s t e m  of a l a r g e  n u m b e r  of s e c -  
t i oned  e l e c t r o d e s  u n i f o r m l y  d i s t r i b u t e d  in the  p l a n e  p a r a l l e l  to the  s t r e a m  [4]. H e r e  the  d i f f i cu l ty  is  c o n -  
nec ted  with the  need to c r e a t e  i den t i ca l  c o n d i t i o n s  of exc i t a t i on  of the  a c t i v e  m e d i u m  in each of the  m u l t i p l e  
d i s c h a r g e  gaps .  Even  if i t  is  a s s u m e d  tha t  th i s  cond i t ion  is  s a t i s f i e d ,  the  " d i s c r e t e n e s s "  of the  d i s c h a r g e  
p r e v e n t s  the  a t t a i n m e n t  of the u n i f o r m  e x c i t a t i o n  of the  e n t i r e  c i r c u l a t e d  m a s s  of gas .  We  note  tha t  the  
a e r o d y n a m i c s  of the  s t r e a m  in such a s y s t e m  a r c  m a d e  c o n s i d e r a b l y  m o r e  c o m p l i c a t e d  and the m e d i u m  in 
the  r e s o n a t o r  i s  o p t i c a l l y  h e t e r o g e n e o u s .  T h e  use  of a t r a n s v e r s e  d i s c h a r g e  of a new type  having  only two 
long t u b u l a r  e l e c t r o d e s  was  p r o p o s e d  in [10]. T h i s  s i m p l e  s y s t e m  is  a t t r a c t i v e ,  but  t h e r e  a r e  d i f f i c u l t i e s  
c o n n e c t e d  with m a i n t a i n i n g  a u n i f o r m l y  hot  d i s c h a r g e  o v e r  a g r e a t  length  and p r e v e n t i n g  it f r o m  p inching  
into an a r c .  

The  c o n s t r u c t i o n  of th i s  t ype  of d i s c h a r g e  and a l a s e r  s y s t e m  us ing  i t  a r e  d e s c r i b e d  in the  p r e s e n t  
r e p o r t .  F o l l o w i n g  a s tudy of the  r o l e  of the  phenomena  n e a r  the  e l e c t r o d e s  and the  h y d r o d y n a m i c s  of the  
d i s c h a r g e  in d i f f e r e n t  m o d e s  of o p e r a t i o n ,  i t  was  p o s s i b l e  to o v e r c o m e  the  d i f f i c u l t i e s  c o n n e c t e d  with the  i n -  
s t a b i l i t y  of the  p r o c e s s  and with the  p o s s i b i l i t y  of p inching  of the  d i s c h a r g e  ( c o n v e r s i o n  into an a r c )  and to 
a c h i e v e  the  s t a b l e  and e f f i c i en t  o p e r a t i o n  of the  s y s t e m  in a b r o a d  r a n g e  of v a r i a t i o n  in the  c o m p o s i t i o n  and 
d e n s i t y  of the  m e d i u m  and the  e n e r g y  c h a r a c t e r i s t i c s  of the  d i s c h a r g e .  

2. A s c h e m a t i c  d i a g r a m  of a l a s e r  i n s t r u m e n t  with a c l o s e d  c y c l e  is  p r e s e n t e d  in F ig .  2. I ts  ma in  
poin ts  a r e  the  v e n t i l a t o r  1, the  d i s c h a r g e  c h a m b e r  2, and c o o l e r  3 e n c l o s e d  in a h e r m e t i c  c a s i n g ,  and the  
r e s o n a t o r  4. P r e l i m i n a r y ,  evacua t ion  i s  c a r r i e d  out to 0.1 m m  Hg. Then  the  r e q u i r e d  amoun t  of the  gas  
m i x t u r e  of n i t rogen ,  he l ium,  and c a r b o n  d iox ide  is  i n t r o d u c e d  into the  s y s t e m  f r o m  c y l i n d e r s  us ing  c a l i -  
b r a t e d  n e e d l e  va lvc s .  A v e n t i l a t o r ,  s e t  in mot ion  by a m o t o r  us ing  a vacuum r o t a r y  d r i v e  with a " s l i d ing"  

s ea l ,  i s  used  fo r  the  gas  c i r c u l a t i o n .  

The  pumping  r a t e  of the gas  can  be  m a i n t a i n e d  at  a l e v e l  of 30 m / s e e  with a v a r i a t i o n  in t h e  p r e s s u r e  
of the  w o r k i n g  m e d i u m  f r o m  5 to 50 m m  Hg. The  c o o l e r  c o n s i s t s  of a b r a n c h e d  s y s t e m  of tubes  con ta in ing  
running  w a t e r  o v e r  which  the  gas  s t r e a m  e m e r g i n g  f r o m  the w o r k i n g  c h a m b e r  f lows.  The  a r r a n g e m e n t  of 
the  e l e c t r o d e s  in the  d i s c h a r g e  c h a m b e r  i s  shown in F ig .  3. The  e l e c t r o d e s  100-cm long a r e  m a d e  f r o m  
p o l i s h e d  c o p p e r  tubes  10 m m  in d i a m e t e r  and c o o l e d  i n t e r n a l l y  by runn ing  w a t e r .  The  d i s t a n c e  be tween  the  
anode  1 and the  c a t h o d e  2 can  be  v a r i e d  f r o m  4 to 8 cm.  The  d i s c h a r g e  is  s u p p l i e d  f r o m  a c o n s t a n t  vo l t age  
s o u r c e  at  1.5 kV. The  v o l t a g e  d r o p  in the  d i s c h a r g e  gap  is  ~ 1  kV. The  gas  s t r e a m  u p a s s e s  th rough  the  
d i s c h a r g e  in the  d i r e c t i o n  shown by the  a r r o w s .  The  g l a s s  d e f l e c t o r s  3, w h o s e  pos i t i on  r e l a t i v e  to the  e l e c -  
t r o d e s  is  a l s o  r e g u l a t e d ,  a r c  i n t r o d u c e d  f o r  c o n f i n e m e n t  of the  s t r e a m  and f o r  i t s  m o r e  e f f i c i en t  use .  B r e w -  
s t e r  windows  m a d e  of r o c k  s a l t  a r e  l o c a t e d  at  the  ends  of the  d i s c h a r g e  c h a m b e r .  T h e r e  a r e  l a r g e  t r a n s -  



I- 

Fig .  2 

Fig .  3 

pa ren t  windows on the  top, bo t tom,  and s ide  f o r  v i sua l  o b s e r v a t i o n  of the  d i s c h a r g e  in the  c h a m b e r .  An 

e l e c t r i c a l  p r o b e  is mounted  in the c h a m b e r  to d e t e r m i n e  the s t r e a m  v e l o c i t y  by the  p l a s m a  m a r k e r  method.  
The  l a s e r  r e s o n a t o r  was  not coupled  m e c h a n i c a l l y  with the r e s t  of the i n s t r u m e n t .  A s p h e r i c a l  m e t a l l i c  
m i r r o r  with a r ad ius  of c u r v a t u r e  of 5 m and a f lat  exi t  m i r r o r  of g e r m a n i u m  w e r e  used as the r e s o n a t o r .  

3. Le t  us e s t i m a t e  the  cond i t ions  f o r  the e x i s t e n c e  of a s t a t i o n a r y  d i s c h a r g e  in a p r o c e s s  with the 

t r a n s v e r s e  flow of the  med ium.  The  f ie ld  s t r eng th  at the ax i s  of s y m m e t r y  in the s p a c e  be tween  two long 
p a r a l l e l  c y l i n d e r s  wi thout  a l l o w a n c e  f o r  s c r e e n i n g  of the f ie ld  by the p l a s m a  can  be  d e t e r m i n e d  a p p r o x i -  
m a t e l y  f r o m  the equat ion [11] 

E.~:  u t 
l t ; (2h/r)  h I 

w h e r e  2h is  the d i s t a n c e  be tween  the a x e s  of the e l e c t r o d e s  and r is the c y l i n d e r  r ad ius .  F o r  2h = 7 c m  and 
r = 0.5 c m  at U = 800 V w e  h a v e  E = 7 .103  V/re. We can  e s t i m a t e  the  f ie ld  n e a r  the c o n d u c t o r s  f r o m  the 
equat ion 

u 
E ---- ~ 2.5. t0 ~ v / m  . 2 r l n ( 2 h / r )  



The  f i e ld  s t r e n g t h  n e a r  the  c o n d u c t o r s  in the  a b s e n c e  of a d i s c h a r g e  e x c e e d s  the  s t r e n g t h  at  the  ax i s  
of s y m m e t r y  m o r e  than t h r e e f o l d .  Le t  us c o n s i d e r  the  a s y m m e t r y  of the  f i e ld  n e a r  the  c o n d u c t o r s .  With in  
t he  l i m i t s  of one  equ ipo t en t i a l  

E ~  U h 
" In (2h ,' r)" r (h 7-  r cos ~) n 

w h e r e  n is  the  n o r m a l  to the  s u r f a c e  and ~b is  t he  a n g l e  be tw e e n  the  n o r m a l  and the  p l ane  of s y m m e t r y  {Fig. 
3). A n u m e r i c a l  c a l c u l a t i o n  shows  tha t  the  f i e ld  s t r e n g t h  at  the  po in t  a i s  14 % g r e a t e r  than at  the  m i d d l e  
po in ts  b a n d d ,  w h i l e  at  the  point  c i t  is  14 % l e s s .  

Let  us t a k e  into c o n s i d e r a t i o n  the  p r e s e n c e  of a g a s - d i s c h a r g e  p l a s m a  be tw e e n  the  e l e c t r o d e s  and i t s  
d r i f t  a long the s t r e a m .  In the  p r e s e n c e  of a d i s c h a r g e ,  a high f i e ld  s t r e n g t h  e x i s t s  in the  r e g i o n  n e a r  the  
c a t h o d e  and t h e r e  is  a f lux of c h a r g e d  p a r t i c l e s  {ions} with v e l o c i t i e s  c o n s i d e r a b l y  e x c e e d i n g  the  v e l o c i t y  of 
the  g a s  s t r e a m .  B e c a u s e  of th i s  the  e x i s t e n c e  of a channe l  should  not have  a m a r k e d  ef fec t  on the  e l e c t r i c a l  
c h a r a c t e r i s t i c s  of the  r e g i o n  n e a r  the  ca thode .  T h e  v a l u e  of the  c a t h o d e  d r o p  in po t en t i a l  and the  t h i c k n e s s  
of the  r e g i o n  of the  c a t h o d e  d r o p  a r e  known f r o m  [12, 13] f o r  d i f f e r e n t  g a s e s  and in the  g iven  c a s e  they a r e  
400 V and 0.5 cm.  With a l l o w a n c e  f o r  the  c a t h o d e  d rop  a m o r e  a c c u r a t e  va lue  of the  f i e ld  s t r e n g t h  in the  
i n t e r e l e c t r o d e  gap i s  ~ 3-103  V/m, and in the  r eg ion  n e a r  the ca thode ,  8-104 V/ re .  

The  d r i f t  length a long the  s t r e a m  and the  width of the  d i s c h a r g e  can  be  e s t i m a t e d  f r o m  d a t a  on the  ion 
mob i l i t y  and the  f ie ld  s t r e n g t h .  T h e  ions ,  which  h a v e  l e s s  mob i l i t y  than the  e l e c t r o n s ,  a r e  c a r r i e d  away by 
the  s t r e a m .  The  e l e c t r o n s  a r e  c a r r i e d  a long  by the  ions .  T h e  d i s c h a r g e  canno t  e x i s t  at  that  d i s t a n c e  f r o m  
the  e l e c t r o d e s  at  which the  d r i f t  ve loc i ty  of the  ions  t o w a r d  the  e l e c t r o d e s  i s  c o m p a r a b l e  wi th  the  s t r e a m  
ve loc i ty .  The  ions  a r e  c a r r i e d  off down the  s t r e a m  f r o m  th i s  zone  and r e c o m b i n e  l a t e r  with the  e l e c t r o n s  
which a r e  c a r r i e d  a long  with the  ions  b e c a u s e  of the  q u a s i - n e u t r a l i t y  of the  p l a s m a .  S ince  the  i on i z a t i on  
p o t e n t i a l s  f o r  n i t r o g e n  (15.6 eV) and c a r b o n  d iox ide  (13.8 cV) a r e  c o n s i d e r a b l y  l o w e r  than f o r  h e l i u m  {24.6 
e V ) , i t c a n  be a s s u m e d  tha t  the  amoun t  of h e l i u m  ions  in the  d i s c h a r g e  i s  i n s i g n i f i c a n t .  Th i s  is  c o n f i r m e d  
by the s m a l l  {compared  with n i t r o g e n  and c a r b o n  d iox ide )  e f fec t  of the  h e l i u m  c o n c e n t r a t i o n ' o n  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 the  d i s c h a r g e .  T h e  m o b i l i t i c s  of CO 2 and N 2 ions  at  p = 10 m m  Hg a r e  100 and 
300 c m 2 / V  � 9  The  d r i f t  ve loc i ty  of the  ions  d e c r e a s e s  in p r o p o r t i o n  to the  d i s t a n c e  f r o m  the  p l ane  p a s s -  
ing th rough  the  c e n t e r s  of the  e l e c t r o d e s  and at  a d i s t a n c e  of 5 cm,  i t  is  7 and 20 m / s e e  f o r  CO 2 and N 2 (the 
f i e ld  s t r e n g t h  in th i s  r e g i o n  i s  ~ 7 V / c m ) .  

S ince  the  s t r e a m  v e l o c i t y  is  30 m / s e c ,  the  l e a d i n g  f r o n t  of the  d i s c h a r g e  canno t  be  d i s p l a c e d  by m o r e  
than 4 - 5  c m  r e l a t i v e  to the  e l e c t r o d e s .  The  pos i t i on  of the  t r a i l i n g  f ron t  of the  d i s c h a r g e  m u s t  be  d e t e r -  
mined  only by the  d r i f t  of the  d i s c h a r g e  a long  the  s t r e a m  s i n c e  the  v o l t a g e  n e a r  the  p l a n e  p a s s i n g  through 
the e l e c t r o d e s  (~ 30 V/cm)  c o r r e s p o n d s  to a d r i f t  v e l o c i t y  f o r  the  ions  of ~ 100 m / s e e  and a d r i f t  t i m e  f o r  
the  ions  of ~ 4  �9 10 -4 sec .  The  d r i f t  of the  t r a i l i n g  f r o n t  should  b e  s e v e r a l  m i l l i m e t e r s .  The  width  of the  
a c t i v e  zone  should  exceed  the  wid th  of the  d i s c h a r g e ,  s i n c e  the  v i b r a t i o n a l l y  e xc i t e d  n i t r o g e n  c o n t i n u e s  to 
c a r D '  out the  pumping  of the  u p p e r  l a s e r  l e v e l  of CO s even a f t e r  l e a v i n g  the  d i s c h a r g e  r e g ion .  The  r a t e  
c o n s t a n t  of t h i s  p r o c e s s  i s  7 .5-  10 - I s  c m  3" s ec  -1 [14]. At  a n i t r o g e n  p a r t i a l  p r e s s u r e  of 3 m m H g ,  the  c h a r -  
a c t e r i s t i c  exchange  t i m e  is  r = 1 / K N ~  10 -3 sec ,  which  at  a v e l o c i t y  of 30 m / s e c  c o r r e s p o n d s  to an e x c i t a -  
t ion length  of ~ 3 cm.  Th i s  a n a l y s i s  p r e s u m e s  the  f ac t  of the  s t a b l e  m a i n t e n a n c e  of a u n i f o r m  ex tended  glow 
d i s c h a r g e  o v e r  the  e n t i r e  length  of the  e l e c t r o d e s ,  which is  not a t r i v i a l  t a sk .  A l o c a l  i n c r e a s e  in the  c u r -  
ren t  dens i t y  c a n  l e a d  to p inch ing  of the  d i s c h a r g e  and an i r r e v e r s i b l e  t r a n s i t i o n  to an a r c  p r o c e s s .  V a r i o u s  
p r o c e s s e s  both at  the  e l e c t r o d e s  and in t he  g a s - d i s c h a r g e  p l a s m a  can  be  the  c a u s e s  of t h i s  phenomenon .  

4. Le t  us e n u m e r a t e  the  m e a s u r e s  used  to a c c o m p l i s h  the  s t a b i l i z a t i o n  of the  u n i f o r m  ex tended  glow 
d i s c h a r g e .  They a r e  t he  p r e l i m i n a r y  po l i sh ing  of the  e l e c t r o d e s ,  t h e i r  c a r e f u l  d e g r e a s i n g  with o r g a n i c  s o l -  
ven ts ,  the  ionic  c l e a n i n g  of o x i d e s  f r o m  the  e l e c t r o d e s  d i r e c t l y  in the  w ork ing  p o s i t i o n  us ing  a h i g h - f r e q u e n c y  
d i s c h a r g e  at  a f r e q u e n c y  of 1.5 MHz and a p o w e r  of 500 W at  a p r e s s u r e  in the  c h a m b e r  of ~ 1 m m  Hg, and 
t u r b u l i z a t i o n  of the  f low n e a r  the  e l e c t r o d e s  by p l a c i n g  the g l a s s  d e f l e c t o r s  up a g a i n s t  the  e l e c t r o d e  tubes  
(Fig .  3). As  shown in [15], t u r b u l i z a t i o n  of the  s t r e a m  is  e f f ec t ive  b e c a u s e  with  i t s  he lp  one can  smoo th  the  
p o s s i b l e  h e t e r o g e n e i t i e s  in p l a s m a  d e n s i t y  in the  d i s c h a r g e  s p a c e .  

The  b r e a k d o w n  of the  i n t e r e l e c t r o d e  gap  du r ing  the  s t a r t - u p  m u s t  b e  a c c o m p l i s h e d  us ing  an i n d e p e n d -  
ent  g e n e r a t o r  of p u l s e s  wi th  a d u r a t i o n  of ~ 1 p sec  at  a v o l t a g e  on the  o r d e r  of 10 kV. In such  a p r o c e s s  t he  
b r e a k d o w n  t a k e s  p l a c e  u n i f o r m l y  o v e r  the  e n t i r e  length of the  e l e c t r o d e s ,  which p r o m o t e s  the  u n i f o r m  i g n i -  
t ion of the  ma in  d i s c h a r g e .  The  i n t r o d u c t i o n  of an ign i t ion  s y s t e m  a l lows  a c o n s i d e r a b l e  b r o a d e n i n g  of the  
r a n g e  of s t a b l e  m o d e s  of e x i s t e n c e  of the  ma in  d i s c h a r g e  which is  not l i m i t e d  to the  r eg ion  of s e l f - b r e a k -  
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down vo l t ages .  Only when a l l  t h e s e  c o n d i t i o n s  a r e  s a t i s f i e d  is  i t  p o s s i b l e  to a s s u r e  the  s t a b l e  o p e r a t i o n  of 
t he  d i s c h a r g e  i n s t r u m e n t  f o r  at  l e a s t  s e v e r a l  hou r s .  

The  d i s c h a r g e  was  a c h i e v e d  at  p r e s s u r e s  of 10-20 mm Hg. The  o u t w a r d  a p p e a r a n c e  of the  d i s c h a r g e  
is  unusual  {Fig. 4). The  c a t h o d e  l a y e r  s h i n e s  u n i f o r m l y  a long the  e n t i r e  l ength  of the  e l e c t r o d e .  Weak  
e m i s s i o n  i s  o b s e r v e d  a long  the  anode.  T h e r e  is  no v i s i b l e  e m i s s i o n  in the  i n t e r e l e c t r o d e  gap  at  c u r r e n t s  
of l e s s  than  4 A. With a f u r t h e r  i n c r e a s e  in the  c u r r e n t ,  a l u m i n o u s  anode  l a y e r  a p p e a r s  which s p r e a d s  
t oward  the  c a t h o d e  and at  a c u r r e n t  of ~ 10 A f i l l s  t h e  g r c a t e r  p a r t  of the  i n t e r e l e c t r o d e  s p a c e .  The  e l e c -  
t r o d e s  do not  have  to b e  s t r i c t l y  p a r a l l e l  to ma in t a in  a u n i f o r m  d i s c h a r g e .  It was  e s t a b l i s h e d  e x p e r i m e n t -  
a l ly  tha t  u n i f o r m i t y  of the  e m i s s i o n  in the  c a t h o d e  r eg ion  i s  r e t a i n e d  even when one  e l e c t r o d e  is  d e f l e c t e d  
by  s e v e r a l  c e n t i m e t e r s .  The  e m i s s i o n  of the  gap  (at low c u r r e n t s )  and the  anode  o c c u r  only in the  c a s e  of 
p o o r  c l e a n i n g  of the e l e c t r o d e s .  The  r c l a t i v e l y  s m a l l  d i s t a n c e  be tween  the  e l e c t r o d e s  p e r m i t s  the  a s s u m p -  
t ion that  the  s p a c e  n e a r  the  c a t h o d e  p e r t a i n s  to the  F a r a d a y  d a r k  s p a c e ,  excep t  f o r  the  n e g a t i v e  glow n e a r  
t he  ca thode .  

The  s h a p e  of the  d i s c h a r g e  "c loud"  can  be  b rough t  out v i s u a l l y  by app ly ing  a weak  (~ 200 W) h i g h -  
f r e q u e n c y  f ie ld  to the  ma in  d i s c h a r g e .  In th i s  c a s e  the  l e a d i n g  f ron t  of t he  d i s c h a r g e  i s  sh i f t ed  d o w n s t r e a m  
by 3 c m  w h i l e  the  t r a i l i n g  f r o n t  l ags  behind  the  p l a n e  p a s s i n g  th rough  the  c e n t e r s  of the  e l e c t r o d e s  by 0.5 
em.  It m u s t  be  m e n t i o n e d  tha t  in t he  p r e s e n c e  of he l i um in the  m i x t u r e  t h e r e  is  a c o n s i d e r a b l e  d e c r e a s e  
in the  d i s p l a c e m e n t s  of the  l e ad ing  and t r a i l i n g  f ron t s .  Th i s  i s  exp la ined  by the  high m o b i l i t y  of the  h e l i u m  
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ions  ( r e l a t i v e  to CO 2 and n i t rogen) .  At m o d e r a t e  c u r r e n t s  the  c a thode  s e c t i o n  i s  ful ly  " c o v e r e d "  by  the  d i s -  
c h a r g e  r e g i o n  w h i l e  the  a n o d e  i s  a p p r o x i m a t e l y  one t h i r d  " f i l l ed . "  T h e  c u r r e n t  in the  d i s c h a r g e  was  v a r i e d  
f r o m  2 to 10 A (Fig .  5). F o r  t h i s , t h e  v o l t a g e  U on the e l e c t r o d e s  was  v a r i e d  s l i g h t l y  ( f rom 810 to 950 V at  
a p r e s s u r e  of 10 mm Hg) and the  o u t w a r d  a p p e a r a n c e  of the  d i s c h a r g e  was  p r a c t i c a l l y  unchanged .  The  i n -  
c r e a s i n g  v o l t - a m p e r e  c h a r a c t e r i s t i c  c l a s s i f i e d  the  d i s c h a r g e  as  an a n o m a l o u s  g l o w - d i s c h a r g e .  The  c u r -  
r en t  d e n s i t y  and e l e c t r i c  f i e ld  s t r e n g t h  in the  d i s c h a r g e  can  b e  judged  f r o m  the  v o l t - a m p e r e  c h a r a c t e r i s -  
t ic .  F o r  e x a m p l e ,  f o r  a c u r r e n t  of 8 A the  c u r r e n t  d e n s i t y  at  the  c a t h o d e  i s  0.025 A / c m  2, a t  the  anode  ( a l -  
lowing [o r  the  nonun i fo rmi ty  of the  glow) i t  is  ~ 0.075 A / c m  2, and in the  gap  be tw e e n  the  e l e c t r o d e s  i t  i s  
~ 0.025 A / c m  2. 

5. T h e  p u r p o s e  of the  p r e s e n t  s tudy w a s  to c l a r i f y  the  p r o p e r t i e s  of the  o p e r a t i n g  c o n d i t i o n s  of the  
d i s c h a r g e ,  to d e t e r m i n e  the  r a n g e  of a l l o w a b l e  v a r i a t i o n s  in i t s  g a s d y n a m i c  and e l e c t r i c a l  p a r a m e t e r s ,  and 
to e s t i m a t e  the  l i m i t i n g  v a l u e  of the  e l e c t r i c  p o w e r  which can  be  a p p l i e d  to an ex t ended  g l o w - - d i s c h a r g e  w h i l e  
r e t a i n i n g  the s t a b i l i t y  of i t s  c o m b u s t i o n  p r o c e s s .  It was  not in tended  to d e t e r m i n e  the  l i m i t i n g  output  pow-  
e r s  of the  l a s e r  o r  to e s t i m a t e  i t s  e n e r g y  e f f i c i ency .  H o w e v e r ,  the  s e r i e s  of d e p e n d e n c e s  of the  output  
p o w e r  l e v e l  on v a r i a t i o n s  in the  b a s i c  p a r a m e t e r s  of the  o p e r a t i n g  c ond i t i ons  and the  s t a t e  of the  w o r k i n g  
m e d i u m  ob ta ined  in t e s t s  wi th  g e n e r a t i o n  a r e  of i n t e r e s t  f r o m  the  po in t  of v iew of t h e i r  u se  a s  a d i a g n o s t i c  
method  - a c o n t r o l  on the  e f f i c i ency  of the  d i s c h a r g e  u s e d  in o r d e r  to ob ta in  the  o p t i m u m  i n v e r s i o n  p r o -  
c e s s e s .  

The  d e p e n d e n c e  of the  g e n e r a t i o n  p o w e r  on the  d i s c h a r g e  c u r r e n t ,  the  v e n t i l a t o r  r o t a t i o n  r a t e ,  and 
on the  c o m p o s i t i o n  of the  gas  m i x t u r e  was  s t u d i e d  e x p e r i m e n t a l l y .  The  ax i s  of the  r e s o n a t o r  was  d i s p l a c e d  
1.5 c m  d o w n s t r e a m  r e l a t i v e  to the  ax i s  of s y m m e t r y .  T h e  v o l t a g e  d r o p  in the  d i s c h a r g e  was  r e c o r d e d  s i -  
m u l t a n e o u s l y .  In o r d e r  to e l i m i n a t e  e r r o r s  c o n n e c t e d  with  a p o s s i b l e  c h a n g e  in the  c h e m i c a l  c o m p o s i t i o n  
of the  o r i g i n a l  gas  m i x t u r e ,  p a r t i a l  i n j ec t ion  of gas  th rough  the s y s t e m  w a s  c a r r i e d  out  in t he  t e s t s .  The  
c o m p o s i t i o n  of the  gas  w a s  r e n e w e d  by 0.1% a f t e r  one c y c l e .  

The  g e n e r a t i o n  p o w e r  was  r e c o r d e d  with  a s t a n d a r d  t h e r m o l e c t r i c  c a l o r i m e t e r .  The  d e p e n d e n c e  of 
the  g e n e r a t i o n  p o w e r  P on the  d i s c h a r g e  c u r r e n t  I is  p r e s e n t e d  in F ig .  5 f o r  the  c o m p o s i t i o n  of the  g a s  m i x -  
t u r e  of h e l i u m - n i t r o g e n - c a r b o n  d i o x i d e  c o r r e s p o n d i n g  to 5 : 3 : 2 and 7.5 : 4 .5  : 3 (in m m  Hg). T h e  output  
p o w e r  of the  b e a m  has  a t endency  t o w a r d  s a t u r a t i o n  with an i n c r e a s e  in the  c u r r e n t .  An i n c r e a s e  in the  
p a r t i a l  p r e s s u r e  p of any of the  gas  c o m p o n e n t s  a t  a f i xed  c u r r e n t  (Fig.  6) l e a d s  to an i n c r e a s e  in the  g e n -  
e r a t i o n  power .  An i n c r e a s e  in the  con ten t  of c a r b o n  d i o x i d e  (1) has  the  s t r o n g e s t  ef fec t ,  the  ef fec t  is  l e s s  
f o r  n i t r o g e n  (2), and s t i l l  l e s s  f o r  h e l i u m  (3). A t endency  t o w a r d  s a t u r a t i o n  of t he  g e n e r a t i o n  p o w e r  i s  noted  
with a c h a n g e  in the  c o n c e n t r a t i o n  of one c o m p o n e n t  of the  m i x t u r e .  An i n c r e a s e  in the  to ta l  p r e s s u r e  wi th  
a f ixed c o m p o s i t i o n  of the  w o r k i n g  g a s  has  a d i f f e r e n t  ef fec t .  The  l e v e l  of the  output  p o w e r  of g e n e r a t i o n  
g r o w s  r a p i d l y  with an i n c r e a s e  in the  p r e s s u r e  and the  a p p l i e d  e l e c t r i c  power .  

The  d e p e n d e n c e  of the  output  p o w e r  at  a c u r r e n t  of 4 A on the  s t r e a m  v e l o c i t y  u is  p r e s e n t e d  in F ig .  7. 
H e r e  t h e r e  is  a l s o  a t endency  t o w a r d  s a t u r a t i o n .  T h i s  may  be  c o n n e c t e d  wi th  the  f ac t  tha t  a t  a f ixed  gas  
c o m p o s i t i o n  the  g e n e r a t i o n  p o w e r  m u s t  be  d e t e r m i n e d  by  one  of the  l i m i t i n g  f a c t o r s :  e i t h e r  the  e l e c t r i c  
p o w e r  a p p l i e d  to the  d i s c h a r g e  o r  the  s t r e a m  ve loc i t y .  T h e  vo l t age  d r o p  in t he  d i s c h a r g e  r e g i o n ,  a s  s e e n  
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f rom Fig. 6, is determined mainly by the concentrat ions of carbon dioxide (4) and nitrogen (5) and depends 
little on the helium content (6). The enumerated propert ies  of  the generation process  c lear ly  co r re l a t e  
with the effect of the analogous factors  (composition, total gas p ressure ,  s t ream velocity, etc.) on the main 
cha rac te r i s t i c s  of the discharge.  

The solution of the main problem of the present  study - t h e  stabilization of a powerful extended glow- 
d ischarge  with t r ansve r se  gas injection - in a broad range of hydrodynamic and electr ical  cha rac te r i s t i c s  
provides the prerequis i tes  for  the use of such instruments  in l a se r  sys tems  with high efficiency in the con-  
version of electr ical  energy into light. 
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