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In the development  of continuously opera t ing  powerful  CO 2 l a s e r s  having a se l f -main ta ined  glow discharge  
and convect ive  cooling of the working mix tu re  the main p rob lem is the obtainment  of tmi form glow d i scharges  
iLn l a rge  gas vo lumes  moving with high ve loc i t ies :  In such d ischarge  instabi l i t ies  develop which lead to a t r a n s i -  
tion to a mode of a r c - l i k e  burning in a na r row f i lament  - contract ion.  In connection with the t he rma l  l imi ta t ion 
(destruct ion of the invers ion  upon heating of the working medium),  to inc rease  the output power of CO~. l a s e r s  it 
is n e c e s s a r y  to p ropor t iona l ly  inc rease  the flow r a t e  of the working mix tu re  through the d ischarge  zone, which 
(in turn) r a i s e s  the n e c e s s i t y  of r epea t ed ly  using the s a m e  gas.  This  is r ea l i zed  in l a s e r s  with a c losed cycle  
of gas flow [1], 

Work with a c losed cycle  cons iderab ly  compl ica tes  the obtainment  of a vo lumet r ic  glow discharge .  It is 
:noted that under the conditions of a c losed cycle  instabi l i t ies  in the p l a sma  of a glow discharge  develop at lower 
p r e s s u r e s  and ve loc i t ies  of the gas s t r e a m  and at lower levels  of the specif ic  energy  input [the e lec t r ic  power 
applied per  uniLt m a s s  of the gas  s t r e a m  in W/(g/sec)]  than in work  in an open cycle ,  i .e. ,  when the gas is 
e jected into the a t m o s p h e r e  af ter  a single use  [1]. This  produces  changes in the chemica l  composi t ion of the 
working gas due to chemica l  r eac t ions  in the p l a s m a  of the gas d ischarge  [1-3] and the appearance  of impur i t ies  
f r o m  s t ruc tu r a l  e lements  [1]. The neces s i t y  a r i s e s  of continuously r e s t o r i n g  the composi t ion of the working 
mix tu re  in the working c i rcu i t  through par t ia l  evacuat ion and the admiss ion  of f r e s h  gas.  In this case  it is 
obvious that the higher the r a t e  of gas r ep l acemen t ,  the be t t e r  the or ig inal  composi t ion  of the mix tu re  is r e -  
s tored.  At p re sen t  not only is there  an absence  of r e p o r t s  in which the effect of the r a t e  of gas renewal  on the 
l a se r  c h a r a c t e r i s t i c s  is analyzed,  but a lso  in the ma jo r i t y  of publicat ions no information is provided on the 
choice of the r a t e  of r e p l a c e m e n t  of the working gas.  

The p r e sen t  r e p o r t  is. devoted to a s tudy of the effect  of the r a t e  of gas renewal  on the c h a r a c t e r i s t i c s  of 
a c lo sed -cyc l e  CO 2 l a se r .  We will c h a r a c t e r i z e  this r a t e  by the ra t io  of the flow r a t e  of gas continuously r e -  
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moved f r o m  the l a s e r  with the constant  inflow of f r e s h  mix ture  to the flow r a t e  of the working gas continuously 
c i rcu la t ing  through the zone of the e lec t r i c  d i scharge :  g=G1/G.  F i r s t  of all ,  we study the effect  of the r a t e  of 
renewal  on the l imit ing value of the specif ic  energy  input which can be s tably  achieved without a t rans i t ion  of 
the d i scharge  f r o m  the glow to the a r c  mode,  as well  as  on the value of the output optical  power at constant  
levels  of energy  input. The expe r imen t s  were  conducted on the l a se r  described, in [4] with a gas s t r e a m  
veloci ty  of 35 m / s e c ,  a p r e s s u r e  of 16 m m  Hg, and a composi t ion  of the admit ted gas  o fPco2  :pN 2 :PHe=l  :3 :4 ,  

which co r r e sponds  to a gas flow r a t e  of 30 g / s e c  in the working section.  In this l a s e r  the d i scharge  is s t ab i -  
l ized between two para l l e l  e lec t rodes  (copper tubes) with a length of 1 m and a dis tance of 8 c m  between them. 
The r e s u l t s  a r e  p resen ted  in Figs .  i and 2. 

The dependence of the l imit ing specif ic  energy  input 1 ~ on the p a r a m e t e r  g is p resen ted  in Fig. 1. Begin-  
ning with values  of g ~ 5 �9 10 -8, with a d e c r e a s e  in the flow r a t e  of the r ep laced  gas the l imit ing at ta inable  input 
of e l ec t r i ca l  energy  decl ines rap id ly  (by 1.5 t imes  with a t w o f o l d d e c r e a s e  in g f r o m  0.4 to 0.2%). The depen-  
dence  of the output optical  power S on the f rac t ion  of r ep laced  gas is shown in Fig. 2 for  different  energy  inputs 
[curve 1: 600; 2: 500; 3 : 4 0 0  W / ( g / s e c ) ] .  The output power a lso  declines sharp ly  with a dec rea se  in the flow 
r a t e  of  the r ep laced  gas.  At high enough r a t e s  of r e p l a c e m e n t  the curves  e m e r g e  into a s teady s ta te ,  i . e . ,  for  
this dependence there  is an "op t imum ra t e "  of r e p l a c e m e n t  of ---0.5%. At low r a t e s  of renewal  of the working 
gas the expe r imen t s  were  compl ica ted  by the rapid  "contaminat ion" of the e lec t rode  s u r f a c e s ,  the r a t e  of which 
grew with a d e c r e a s e  in the f rac t ion  of gas renewal ,  which led to an inc rease  in the probabi l i ty  of r and o m 
t rans i t ions  of the glow d i scharge  into an a r c ;  this occu r r ed  at all  levels  of applied power ,  even v e r y  low levels .  

The r e a s o n  for  the d e c r e a s e  in the l imit ing a t ta inable  level  of energy  input with a dec r ea se  in the r a t e  of 
gas renewal  is evidently an inc rease  in the concentra t ions  of e lec t ronegat ive  impur i t i e s ,  which affect  the k inet -  
ics of the production and loss  of charged  par t i c les  in the gas d ischarge  [2, 3]. The effect  of the r e p l a c e m e n t  
r a t e  on the generat ion eff iciency is probably  due to a change in the CO 2 concentra t ion [1, 2] and a change in the 
ave r age  energy  and dis tr ibut ion function of the e lec t rons  which de te rmine  the r a t e  of populating of the l a se r  
levels  [5, 6]. A chemica l  ana lys i s  of the gas mix tu re  by the absorpt ion  method showed that with a r e p l a c e m e n t  
of 0.3% and an ene rgy  input of 500 W/ (g / sec )  a chemica l  composi t ion is es tab l i shed  in which the par t ia l  CO 
f rac t ion  is about 3%, while the CO 2 concentra t ion is only two thi rds  of the initial concentra t ion at admiss ion .  
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Measu remen t s  of the e lec t r i c  f ield s t rength ,  made by the method of a twin e l ec t r i ca l  probe,  showed that 
upon abrupt  changes in the mode of opera t ion of the d i scha rge  (rapid changes in the magnitude of the current)  
one obse rve s  tr . 'msit ional  changes in the f ield which have an exponential  c h a r a c t e r  in t ime .  

Data on the var ia t ion  of the e lec t r ic  field s t reng th  E, no rma l i zed  to its s teady value Ees es tabl ished by 
the end of the t rans i t ion  p r o c e s s ,  a r e  p resen ted  in Fig. 3 as a function of t ime  (the cha r ac t e r i s t i c  t ime  of r e -  
p lacement  of the; working  gas is 65 sec) .  Graphs  a r e  p resen ted  for  a d i scharge  with a s teady cu r ren t  of 1 A 
and a gas ve loc i ty  of 35 m / s e e  with a CO 2 p r e s s u r e  of 2 m m  Hg in the sys t em;  curve  1: precer  cur ren t  of 
2 A; 2 : 0 . 5  A; 3: 0. It is in te res t ing  that the m e a s u r e m e n t s  of the cha r ac t e r i s t i c  t imes  of such p r o c e s s e s  led 
to values  roughly coinciding with the c h a r a c t e r i s t i c  t ime  of renewal  of the gas mix ture  in the l a s e r ,  which can 
be defined as the r a t io  of the total  volume V of gas in the l a se r  to the vo lumet r ic  evacuat ion r a t e  G t (1- =V/G1). 

In connection with the s t rong  effect  of the r a t e  of r ep l acemen t  of the working gas  on the power of the 
output l a s e r  b e a m  which was d i scove red  it is important  to es tab l i sh  the na ture  of the var ia t ion  in the level  of 
[avers ion in the d i scharge  zone. The f ield of spontaneous IR emiss ion  of CO 2 f r o m  the upper  l a s e r  level  at the 
wavelength  )~ =4:.3 p (Fig. 4) was m e a s u r e d  by  the method p re sen ted  in [7]. Relat ive  m e a s u r e m e n t s  of the 
intensi ty of a c r o s s  sect ion give an idea of the spat ia l  dis tr ibution of the population of the upper  l a s e r  level .  
T h r e e  o s c i l l o g r a m s  taken in one c r o s s  sect ion of the d i scharge  at  a distance of 3 c m  f r o m  the anode a r e  p r e -  
s e n t e d i n F i g . 4  (1: g = 3 . 5 . 1 0 - ~ ;  2: g = 3 . 1 0 - 3 ;  3 : g = 2 . 3  �9 10-2)o The re la t ive  population of the upper  l a s e r  
level  is plot ted as a function of the dis tance down the gas s t r e a m  to the plane of the e lec t rodes .  The different  
o s c i l l o g r a m s  c o r r e s p o n d  to different  va lues  of the p a r a m e t e r  g(%). It is seen that with a dec r ea se  in the r a t e  
of r e p l a c e m e n t  the population m a x i m u m  d e c r e a s e s  and shif ts  u p s t r e a m .  In all ca ses  the c h a r a c t e r i s t i c  s ize of 
the re laxa t ion  zone r e m a i n s  constant  while the region where  the e lec t r i ca l  excitation of molecules  takes place 
n a r r o w s  and is local ized nea r  the plane of the e lec t rodes .  Such behavior  of the spat ia l  dis t r ibut ion of the 
population of the upper  l a s e r  level mus t  evidently be explained by a contract ion of the c h a r a c t e r i s t i c  length of 
the d i scharge  zone in the d i rec t ion of the s t r e a m ,  which may  be connected with an i nc r ea se  in the r a t e  of loss  
of charged  pa r t i c l e s  owing to e lec t ron  cap tu re  by e lec t ronega t ive  impur i t i es ,  the concentra t ion of which in- 
c r e a s e s  with a d e c r e a s e  in the degree  of r e p l a c e m e n t  of the gas. 

Thus,  the expe r imen ta l  r e s u l t s  p resen ted  above c l ea r ly  show that  the energet ic  and optical  c h a r a c t e r i s -  
t ics  of CO 2 l a s e r s  having c losed  cyc les  a r e  sens i t ive  to the r a t e  of renewal  of the working gas.  Beginning with 
a ce r t a in  " threshold"  value a d e c r e a s e  in the r a t e  of r enewal  leads to a sha rp  decline in the l imit ing power 
which can be applied to the d i scharge ,  as well  as  to worsening  of the optical  c h a r a c t e r i s t i c s  of the medium,  
which is mani fes ted  p r i m a r i l y  in a d e c r e a s e  in the eff ic iency of the s y s t e m  (at any level  of applied e l ec t r i ca l  
power) .  This  fact  must  be al lowed for when de te rmin ing  the main working c h a r a c t e r i s t i c s  of convect ive l a s e r s  
with c losed cyc les ,  with the ' , threshold,,  value of g evidently depending s t rongly  on the specif ic  const ruct ion of 
the pump- th rough  s y s t e m  and the e lec t rode  sy s t em,  on the dimensions  of the d i scharge  zone, etc. In conclu-  
sion, we note that the absence  of data on the r a t e  of r enewal  in the publications of var ious  authors  devoted to 
r e s e a r c h  in the mode of a c losed cycle  leads to definite diff icult ies  in the analys is  and c o m p a r i s o n  of the 
r e su l t s  of these  s tudies .  
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