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The  r e s u l t s  of  an e x p e r i m e n t a l  i n v e s t i g a t i o n  on the a m p l i f i c a t i o n  of l ight  by c a r b o n  d iox ide  
m o l e c u l e s  in v a r i o u s  m i x t u r e s  d t r i n g  the e x p a n s i o n  of  the  g a s  th rough  a s u p e r s o n i c  nozz le  
at  the  end of  a shock tube a r e  p r e s e n t e d .  The  e x p e r i m e n t a l  r e s u l t s  a r e  c o m p a r e d  wi th  
t h e o r y ,  and s a t i s f a c t o r y  a g r e e m e n t  i s  ob t a ined .  

The  i d e a  of c r e a t i n g  an i n v e r t e d  popu la t i on  in g a s e s  by s h a r p  c h a n g e s  of p r e s s u r e s  w a s  c o n s i d e r e d  
in [1, 2]. The  use  of  a d i a b a t i c  e x p a n s i o n  in a CO 2 + N 2 g a s  m i x t u r e  for  t h i s  p u r p o s e  w a s  f i r s t  p r o p o s e d  in 
[3, 4]. Subsequen t ly  n u m e r i c a l  c a l c u l a t i o n s  of the p a r a m e t e r s  o f  a g a s - d y n a m i c  l a s e r  w e r e  p u b l i s h e d  fo r  a 
v a r i e t y  of  g a s  m i x t u r e s .  E x p e r i m e n t a l  d a t a  at  p r e s e n t  e x i s t i n g  in the  l i t e r a t u r e  [5-10] r e l a t e  to a wide 
r a n g e  of  CO 2, N a, He, and H20 c o n c e n t r a t i o n s ,  but  t h i s  cannot  be sa id  of the r a n g e  of  v a r i a t i o n  of the  r e t a r d a -  
t ion t e m p e r a t u r e  (T < 1800-2000~ A r a n g e  of v a r i a t i o n  of the r e t a r d a t i o n  p r e s s u r e  amoun t ing  to P = 2-  
16 a tm ,  with a f ixed r e t a r d a t i o n  t e m p e r a t u r e  of T = 1250~ w a s  s tud ied  in [8, 10]. 

In the  p r e s e n t  i n v e s t i g a t i o n  we m e a s u r e d  the  a m p l i f i c a t i o n  f a c t o r  of a 10% CO 2 + 40% N 2 ~ 50% He 
m i x t u r e  sub jec t ed  to s u p e r ~ n i c  e x p a n s i o n  o v e r  a wide r a n g e  of  e x p e r i m e n t a l  c o n d i t i o n s  ( r e t a r d a t i o n  t e m p -  
e r a t u r e  T = 800-3600~ g a s  p r e s s u r e  2 .5 -40  alan), the  r e l a t i v e  c r o s s  s ec t ion  of the  nozz le  t ak ing  s e v e r a l  
f ixed  v a l u e s  S/S, = 18.2, 36.2,  49, 59, w h e r e  S, i s  the  c r i t i c a l  c r o s s  s ec t ion  of  the  nozz le  and S i s  the c r o s s  
s ec t i on  in the  m e a s u r i n g  r e g i o n .  A m i x t u r e  of 10~ CO 2 + (90 - X) % N 2 + X% H20 (where  X = 0-5~)  w a s  
s tud ied  fo r  r e t a r d a t i o n  t e m p e r a t u r e s  of  T = 800-2200~ and p r e s s u r e s  of P = 1 .5-40 a rm,  with r e l a t i v e  
n o z z l e  c r o s s  s e c t i o n s  of S/S.  = 18.2, 36.2,  59. 

The  r e s u l t a n t  a m p l i f i c a t i o n  f a c t o r s  w e r e  c o m p a r e d  with the v a l u e s  c a l c u l a t e d  by the m e t h o d  p r o p o s e d  
in  [11, 12]. 

The  a m p l i f i c a t i o n  f a c t o r s  of  the  f o r e g o i n g  m i x t u r e s  w e r e  s tud ied  e x p e r i m e n t a l l y  in an a p p a r a t u s  c o m -  
p r i s i n g  an a e r o d y n a m i c  shock tube  and an o p t i c a l  s y s t e m .  The  a e r o d y n a m i c  shock tube c o n s i s t e d  of the  
shock tube p r o p e r  ( length 5 m ,  d i a m e t e r  80 m m ) ,  a r e c e i v e r  ( length 4 m ,  d i a m e t e r  60 cm) ,  and a s u p e r s o n i c  
n o z z l e  s i t ua t ed  at the  end of the  shock tube .  The  n o z z l e  w a s  a x i s y m m e t r i c a l ,  the  a r e a  of the  c r i t i c a l  c r o s s  
s e c t i o n  S, = 0.785 cm 2, the con fuso r  s ec t ion  w a s  rounde d  to a r a d i u s  of R : 0.5 cm,  the d i f f u s e r  s e c t i o n  
w a s  g iven  by the  equa t ion  

1 q- 0.29l ~, l ~ 5  cm 

S / S . - ~  4 _F 0.71_L 0.030512 ' 5 ~ / ~ 3 2 . 5  cm 
59, l ~ 32.5 cm 

w h e r e  l (crn) i s  the  d i s t a n c e  f rom the c r i t i c a l  c r o s s  s ec t ion  a long  the a x i s  of the  nozz l e .  

B e f o r e  the e x p e r i m e n t ,  the  e n t r a n c e  into the nozz l e  w a s  c o v e r e d  with a m e m b r a n e  so a s  to be ab l e  to 
e v a c u a t e  the shock tube and r e c e i v e r  ind iv idu ' f l ly  to p r e s s u r e s  of u n d e r  2- 10 -2 m m  Hg. A f t e r  e v a c u a t i o n ,  
the  l o w - p r e s s u r e  c h a m b e r  of  the  shock tube  w a s  f i l l ed  wi th  the t e s t  m i x t u r e  to a p r e s s u r e  of  Pl = 15-400 
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m m  Hg, which  w a s  m e a s u r e d  with a vacuum gage .  A m i x t u r e  of  the  d e s i r e d  c o m p o s i t i o n  was  p r e p a r e d  in 
a s t a i n l e s s  s t ee l  v e s s e l ;  a s m a l l  inbu i l t  fan w a s  used  fo r  the  m i x i n g .  The  r a t e  of a i r  inf low i n t o t h e  v e s s e l  
w a s  l e s s  than 1.5 m m  Hg/h .  

The  m i x t u r e  con ta in ing  w a t e r  v a p o r  w a s  m a d e  up in the  fo l lowing  way: a v e s s e l  con ta in ing  w a t e r  and 
a t h e r m o m e t e r  w a s  p l a c e d  in the  e v a c u a t e d  vo lume ;  the  t h e r m o m e t e r  r e a d i n g s  gave  the  p r e s s u r e  of the  
s a t u r a t e d  w a t e r  v a p o r .  The  CO2, N2, and H20 w e r e  a g i t a t e d  fo r  m o r e  than  2 ]1. A f t e r  c a r e f u l  m i x i n g ,  the  
g a s e s  p a s s e d  into the shock tube and w e r e  hea ted  to the c ond i t i ons  s p e c i f i e d  by be ing  sub jec t ed  to the  i n c i -  
den t  and r e f l e c t e d  shock w a v e s .  A f t e r  t h i s  the  m i x t u r e  w a s  e x p a n d e d  th rough  the s u p e r s o n i c  nozz l e  into the  
r e c e i v e r .  A ~ , n c h r o n i z a t i o n  s y s t e m  enab l ed  the whole  a p p a r a t u s  to be se t  into a c t i o n  at  the  p r e c i s e  i n s t an t  
r e q u i r e d .  

The  a m p l i f i c a t i o n  f a c t o r  w a s  m e a s u r e d  in the  fo l lowing  way.  Cont inuous  r a d i a t i o n  f rom an OKG-15 
l a s e r  with a s p e c i a l l y  s t a b i l i z e d  supply  p a s s e d  at r i g h t  a n g l e s  to the flow of g a s  th rough  the  KC1 i n s p e c t i o n  
w i n d o w s  of the r e c e i v e r  and the i n s p e c t i o n  windows  in the nozz le  ( b u i l t - i n  f lush  with the i n n e r  s u r f a c e  of 
the  nozz le ) .  Then the r a d i a t i o n  w a s  c o n v e r g e d  on to the p h o t o r e s i s t i v e  r e c e i v e r  ( G e - A u ,  T = 55~ by 
m e a n s  of a l ens .  

In f ron t  of the  l e n s  w a s  a d i a p h r a g m  l i m i t i n g  the i n t e n s i t y  of  s p o n t a n e o u s  e m i s s i o n  f rom the t e s t  m i x -  
t u r e .  The  s ignal  f rom the r e c e i v e r  w a s  app l i e d  to an o s c i l l o g r a p h ,  which only r e c o r d e d  i t s  v a r y i n g  c o m -  
ponent ,  i . e .  the  i n c r e m e n t  of  the l ight  i n t e n s i t y  o v e r  the  cons t an t  l a s e r  i n t e n s i t y ,  due to a m p l i f i c a t i o n  in the 
m i x t u r e .  The  c o n s t a n t  l a s e r  i n t e n s i t y  was  d e t e r m i n e d  at the e x a c t  i n s t an t  of d e t e r m i n i n g  the a m p l i f i c a t i o n  
f a c t o r ,  so a s  to a l l ow for  f l u c t u a t i o n s  in l a s e r  power .  In o r d e r  to t ake  account  of  t h i s  i n s t a b i l i t y  of g e n e r a -  
t ion ,  some  of the l a s e r  e n e r g y  w a s  c a r r i e d  out  of  the  beam by m e a n s  of  a p l a n e - p a r a l l e l  p l a t e ,  i n t e r r u p t e d  
with an o b t u r a t o r ,  and r e c o r d e d  by m e a n s  of  a G e - A u  r e c e i v e r  on the o s c i l l o g r a p h  at  the i n s t a n t  at which 
the  m i x t u r e  f lowed th rough  the n o z z l e .  T h i s  a r r a n g e m e n t  e na b l e d  r e l a t i v e  a m p l i f i c a t i o n s  of the  o r d e r  of  
10- ~ to be r e c o r d e d  (AK ~ 2 �9 10 -4 e r a - l ) .  

Spon taneous  e m i s s i o n  w a s  not  r e c o r d e d  in t h e s e  e x p e r i m e n t s  (as  i t  w a s  in [13]), s i nce  a r e c e i v e r  wi th  
a high s e n s i t i v i t y  in the  r e g i o n  of  )t = 10.6 p,  due to the m o r e  i n t e n s i v e  coo l ing  of  the  a c t i v e  e l e m e n t ,  w a s  
u s e d  in the p r e s e n t  c a s e .  

The  r e t a r d a t i o n  t e m p e r a t u r e  and p r e s s u r e  w e r e  c a l c u l a t e d  f r o m  the m e a s u r e d  i n i t i a l  p r e s s u r e  and 
the velocity,  of  the  i n c i d e n t  shock wave ,  a l lowing  for  the  e x c i t a t i o n  and d i s s o c i a t i o n  of  the c o m p o n e n t s .  The  
veloci t3 '  o f  the  i n c i d e n t  shock wave  w a s  m e a s u r e d  to an a c c u r a c y  of  1.5%, which  c o r r e s p o n d e d  to an a c c u r -  
acy  of ~ 3 ~  in d e t e r m i n i n g  the r e t a r d a t i o n  t e m p e r a t u r e .  The  i n d e t e r m i n a c y  in m e a s u r i n g  the i n i t i a l  p r e s -  
s u r e  of the m i x t u r e  w a s  no g r e a t e r  than  I m m  Hg. 

The  r e s u l t s  of  the e x p e r i m e n t s  r e l a t i n g  to the  a m p l i f i c a t i o n  f a c t o r  of the g a s  m i x t u r e  K a r e  p r e s e n t e d  
in  F i g s .  1 and 2 and the t a b l e  b e l o w  for  a m i x t u r e  of  10% CO 2 + 40% N 2 + 50% IIe  in  r e l a t i o n  to the  r e t a r d a -  
t ion  t e m p e r a t u r e  T,  p r e s s u r e  P ,  and r e l a t i v e  n o z z l e  c r o s s  s e c t i o n  S / S . .  

T.t0 -a, ~K 1.3 1.8 2.2 2.9 3.2 3.6 
t.65 2.7 2.5 1.9 0.65 

K'10:~.cm-J I.t:) 2.9 2.9 1 .55  t.15 0.8 
3.0 3.1 

P, arm 2.9 4.8 6.9 12 15 19 

The  h o r i z o n t a l  ax i s  of  F i g .  1 g i v e s  the  r e t a r d a t i o n  t e m p e r a t u r e  T,  and the v e r t i c a l  a x i s  g i v e s  the 
a m p l i f i c a t i o n  f a c t o r  K. The  e x p e r i m e n t a l  p o i n t s  and the c a l c u l a t e d  c u r v e s  i n d i c a t e d  by the n u m e r a l s  1, 2, 
3, and 4 r e l a t e  to nozz l e  c r o s s  s e c t i o n s  S/S. = 18.2, 36.2,  49, 59, r e s p e c t i v e l y .  The  r e t a r d a t i o n  p r e s s u r e  
i s  d e t e r m i n e d  by the  shock a d i a b a t  for  an in i t i a l  p r e s s u r e  of  the  m i x t u r e  equal  to P~ = 167 m m  Hg. 

F i g u r e  2 shows  the e x p e r i m e n t a l  p o i n t s  and c a l c u l a t e d  d a t a  (con t inuous  curve)  fo r  the  a m p l i f i c a t i o n  
f a c t o r  K ( m e a s u r e d  a long the v e r t i c a l  a x i s  on the l e f t - h a n d  side) a s  a funct ion of  the  r e t a r d a t i o n  p r e s s u r e  
P (along the  h o r i z o n t a l  ax i s ) .  The r e t a r d a t i o n  t e m p e r a t u r e  i s  f ixed  at  T = 1900 • 100~ and the nozz le  
c r o s s  s ec t i on  at  S/S.  = 59. 

In add i t i on  to t h i s ,  fo r  c o n v e n i e n c e  in u s i n g  the d a t a  of  F i g .  1, the  b r o k e n  l ine  (in F ig .  2) r e p r e s e n t s  
t he  r e t a r d a t i o n  t e m p e r a t u r e T  as  a f u n c t i o n o f  the  r e t a r d a t i o n  p r e s s u r e  P fo r  Pl = 167 m m  Hg. The r e t a r d a -  
t ion t e m p e r a t u r e  i s  shown on the r i g h t - h a n d  v e r t i c a l  a x i s .  
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The table presents some experimental data relating the amplification factor K to the retardation tern 
perature T for S/S. = 59, with an initial pressure of l~ I = 50 mm Hg. The corresponding retardation pres-  
sure P is also shown in the table. 

The amplification factor K passes through a maximum of K = 3- 10 -3 era -I at T = 1800-2000~ The 
reason for this behavior of the amplification factor lies in the following. On raising T from 800 to 1800~ 
the populations of the asymmetric valence and deformation (shear) vibrations increase, and so does their 
difference. On further increasing the temperature, the rate of deactivation of the asymmetric valence vi- 
bration increases very considerably, as a result of which the population of the levels relating to this form 
of vibration does not increase so rapidly as that of the shear-vibration levels. The value of K therefore 
falls in the range T > 1800~ 

The curve relating the amplification factor K to the retardation pressure P for a fixed retardation 
temperature T -~ 1900~ also passes through a maximum (K = 3 �9 10 -3 cm -I) at P = 5 attn. This behavior 
is explained by the fact that with failing pressure the rate of vibrational relaxation diminishes and hence 
the populations of all the CO 2 modes increase. The inverted population and the amplification factor also 
first increase. However, the population of any given mode is unable to exceed the specific limiting value 
which it a s s u m e s  at the r e t a r d a t i o n  t e m p e r a t u r e .  Hence,  as  soon as  the popula t ion  of the a s y m m e t r i c  v i -  
b r a t i o n  r e a c h e s  th i s  l i m i t i n g  va lue ,  any f u r t h e r  i n c r e a s e  in  p r e s s u r e  l e a ds  to a fall  in  the i nve r t ed  popula-  
t ion  and the amp l i f i c a t i on  fac to r  (by v i r t u e  of an i n c r e a s e  in  the popula t ion  of the shear  or  d e f o r m a t i o n  
type of v ib ra t ion ) .  

It should be noted that  in [8, 10], K was  found to be independen t  of P in the r a nge  P : 2-16 atm at 
T = 1250~ however ,  the conf igura t ion  of the nozz le  d i f fe red  f rom that  employed  in  the p r e s e n t  i n v e s t i g a -  
t ion.  

The  curve  r e l a t i n g  the ampl i f i ca t i on  fac tor  K to the r e l a t i v e  c r o s s  sec t ion  of the nozz le  S/S, exhi -  
b i t s  a m a x i m u m  at  S/S, ~ 35 for T > 1800~ F o r  T < 1800~ the a m p l i f i c a t i o n  f ac to r  does  not depend on 
S/S. in the r ange  S/S, = 18.2-59,  wi th in  the l i m i t s  of e x p e r i m e n t a l  e r r o r .  

The  r e s u l t s  of our  study of the 10% CO 2 + 90% N 2 m i x t u r e  a r e  p r e s e n t e d  in  F i g s .  3 and 4. The h o r i -  
zonta l  ax is  in  F ig .  3 g ive s  the r e t a r d a t i o n  t e m p e r a t u r e  T ,  the v e r t i c a l  ax i s  on the left  g ives  the a m p l i f i c a -  
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t ion f a c t o r  K. The  p o i n t s  1, 2, 4 w e r e  ob t a ined  fo r  n o z z l e  c r o s s  s e c t i o n s  of  S/S,  = 18.2, 36.2,  59 r e s p e c t -  

i ve ly .  The  r e t a r d a t i o n  p r e s s u r e  P c o r r e s p o n d s  to an i n i t i a l  p r e s s u r e  of P1 = 167 m m  Hg. F o r  conven i ence  
the  va lue  of  P i s  shown in the  f i g u r e  by a b r o k e n  l ine ,  the p r e s s u r e  be ing  m e a s u r e d  a long the v e r t i c a l  ax i s  
to the r i g h t .  

In F i g .  4 the h o r i z o n t a l  a x i s  g i v e s  the  r e t a r d a t i o n  p r e s s u r e  P ,  and the v e r t i c a l  a x i s  g i v e s  the  a m p l i -  
f i c a t i on  f a c t o r  K. Al l  the  p o i n t s  r e l a t e  to a r e t a r d a t i o n  t e m p e r a t u r e  of T = 1500 + 100~ and to a nozz l e  
c r o s s  s ec t ion  S/S~ = 59. A c o m p a r i s o n  be t w e e n  F i g s .  1-4 shows that  the  d e p e n d e n c e  of the  a m p l i f i c a t i o n  
f a c t o r  K on the r e t a r d a t i o n  p r e s s u r e  P and the  r e l a t i v e  c r o s s  s e c t i on  of  the nozz le  S/S.  q u a l i t a t i v e l y  r e -  
p r o d u c e s  the K = K(P,  S /S . )  r e l a t i o n s h i p  fo r  the  CO 2 + N 2 ~ He m i x t u r e ,  wi th  the so le  d i f f e r e n c e  that  the  
c o e f f i c i e n t  K i s  much  l o w e r  in t h i s  c a s e .  The  e x p e r i m e n t a l  d a t a  r e l a t i n g  K to the r e t a r d a t i o n  t e m p e r a t u r e  
T d i f f e r  f rom those  c o r r e s p o n d i n g  to the  K = K(T) r e l a t i o n s h i p  for  the CO 2 + N 2 + He m i x t u r e  not only  in 
r e s p e c t  of  the s c a l e  of  K ,bu t  a l so  in r e s p e c t  of the  fact  tha t  K only  d i m i n i s h e s  at  high T for  s m a l l  S/S, v a l -  
ues .  H o w e v e r ,  i t  i s  e s s e n t i a l  to r e m e m b e r  that  the m a x i m u m  t e m p e r a t u r e  i r i  t h e s e  e x p e r i m e n t s  w a s  T = 
2200~ 

In add i t i on  to t h i s ,  s e v e r a l  e x p e r i m e n t s  w e r e  c a r r i e d  out  with a t m o s p h e r i c  a i r  i n s t e a d  of  c o m m e r c i a l  
n i t r o g e n .  Within  the  l i m i t s  of  e x p e r i m e n t a l  e r r o r  the  r e s u l t s  of  the e x p e r i m e n t s  co inc ided .  

We should e m p h a s i z e  tha t  the  r e s u l t s  ob t a ined  for  the  m i x t u r e  o f  10% CO 2 + 90% N 2 d i s a g r e e  with 
p u b l i s h e d  e x p e r i m e n t a l  d a t a  [7, 8, 10]. We o u r s e l v e s  found i n t e n s i f i c a t i o n  of  the  l igh t  in  the a b s e n c e  of  He 
o r  H20. whi le  in the  e a r l i e r  i n v e s t i g a t i o n s  a b s o r p t i o n  w a s  r e c o r d e d .  We t h e r e f o r e  m a d e  a s e r i e s  of con-  
t r o l  e x p e r i m e n t s  with s p e c i a l l y  p u r i f i e d  ga s .  

The  c o m m e r c i a l  g a s  (N2, CO 2) w a s  d r i e d  in a hea t  e x c h a n g e r  con ta in ing  l iquid  n i t r o g e n .  The  c a r b o n  
d i o x i d e  was  then  d e p o s i t e d  on the w a l l s  of  the  hea t  e x c h a n g e r ,  and the s u b l i m a t i o n  p r o d u c t s  w e r e  used  for 
c o m p o s i n g  the m i x t u r e .  

The  r e s u l t s  of the  c o n t r o l  e x p e r i m e n t s  a r e  p r e s e n t e d  in F i g .  5, in which the a m p l i f i c a t i o n  f a c t o r  i s  
se t  out  a long the v e r t i c a l  a x i s  and the  r e t a r d a t i o n  t e m p e r a t u r e  a long  the h o r i z o n t a l .  The  r e t a r d a t i o n  p r e s -  
s u r e  c o r r e s p o n d s  to an in i t i a l  p r e s s u r e  of Pl = 167 m m  IIg and a nozz le  c r o s s  s e c t i o n  of S/S. = 59. The  
n u m e r a l  ] d e n o t e s  p o i n t s  ob t a ined  a f t e r  d r y i n g  the m i x t u r e .  F o r  c o m p a r i s o n ,  the  s a m e  f i g u r e  shows  the 
r e s u l t s  of e x p e r i m e n t s  wifl~ an u n d r i e d  m i x t u r e ,  a s  i n d i c a t e d  by the n u m e r a l  2. 

The  a m p l i f i c a t i o n  f a c t o r  K for  the  d r i e d  m i x t u r e  i s  1.5 t i m e s  l o w e r  than tha t  for  the  und r i e d  m i x t u r e  
at  T = 1000-1200~ and a p p r o x i m a t e l y  equa l  to it  for  T > 1300~K. T h i s  r e s u l t  l e a d s  to the  conc lus ion  tha t ,  
u n d e r  the cond i t i ons  of the p r e s e n t  e x p e r i m e n t  r e l a t i n g  to the ]0% CO 2 + 90~ N 2 m i x t u r e ,  the  e f f e c t s  of  an 
u n c o n t r o l l e d  quan t i ty  of w a t e r  v a p o r  w e r e  i n s i g n i f i c a n t .  

The  r e s u l t s  of  o u r  s tudy of  the 10% CO 2 + (90 - X)% N 2 -< X% ItaO m i x t u r e  wi th  w a t e r  v a p o r  c o n t e n t s  
of  X = 2-5~,,  S/S, = 59, and P = 167 m m  Hg a r e  p r e s e n t e d  in F ig .  5. The  po in t s  a r e  deno ted  by the f i g u r e s  
3 ( X =  2~) and 4 ( X =  5~) .  The  a m p l i f i c a t i o n  f a c t o r  K f e l l b y  a b o u t 3  t X =  2,%) and 8 ( X =  5%) t i m e s  by 
c o m p a r i ~ n  with that  of  the  u n d r i e d  mDxture .  We w e r e  unab le  to s tudy l o w e r  c o n c e n t r a t i o n s  of w a t e r  v a p o r  
o ~ i n g  to d i f f i c u l t i e s  in the m e t h o d  of  p r e p a r i n g  the w o r k i n g  m i x t u r e .  

Here  i t  should be noted tha t  the r e s u l t s  of  the p r e l i m i n a r y  e x p e r i m e n t s  r e v e a l e d  tha t  K w a s  e n t i r e l y  
i ndependen t  of  the  w a t e r  vapor  content  X in the r a n g e  X = 0-57}. T h i s  m a y  be e x p l a i n e d  if  we a s s u m e  that  
w a t e r  v a p o r  was  a d s o r b e d  by the ~ l r f a c e  of the  shock tube whi le  the e x p e r i m e n t  w a s  be ing  p r e p a r e d .  If the  
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e v a c u a t e d  shock tube i s  f i l l ed  with w a t e r  v a p o r  b e f o r e  the  e x p e r i m e n t ,  and 
a f t e r  5-10  m i n  aga in  e v a c u a t e d  to a p r e s s u r e  of  0.5 m m  Hg, the  e x p e r i m e n t s  
on ly  then be ing  i n i t i a t e d ,  the  r e s u l t s  show a m a r k e d  d e p e n d e n c e  on the con -  
c e n t r a t i o n  of  w a t e r  v a p o r  in the m i x t u r e .  We note that  the  e x p e r i m e n t a l  
p o i n t s  r e l a t i n g  to the m i x t u r e  with a w a t e r  c o n c e n t r a t i o n  of  2 and 5~c, and 
p a r t l y  with an u n d r i e d  m i x t u r e  of 10~ CO 2 + 90~ N 2 (F ig .  5), w e r e  ob t a ined  
a f t e r  the p r e l i m i n a r y  f i l l i ng  of  the shock tube with w a t e r  v a p o r  in the  m a n -  
n e r  i nd i ca t ed .  

It i s  a m a t t e r  of f undamen ta l  i n t e r e s t  to c o m p a r e  the  e x p e r i m e n t a l  
v a l u e s  of  the  a m p l i f i c a t i o n  f a c t o r  K ~4th c a l c u l a t i on .  In c a l c u l a t i n g  K fo r  
the  c o n d i t i o n s  of ou r  e x p e r i m e n t  with a m i x t u r e  of  10% CO 2 4 ( 9 0 -  X)% 
N 2 - X ~  H20 we used  the  m e t h o d  p r o p o s e d  in  [11, 12]. F o r  a m i x t u r e  of  
10% CO 2 ~- 40c./c N 2 + 50% He, in c o n f o r m i t y  with [13], we ob t a ined  e x c e l l e n t  
quan t i t a t i ve  a g r e e m e n t  be hve e n  the e x p e r i m e n t a l  and t h e o r e t i c a l  da t a  r e l a t -  
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ing to the amplification factor for a calculation based on the foregoing method. We accordingly attempted 
to perform an approximate analytical calculation of K for the mixture  containing helium [14]. t tere we as- 
sumed that the true gas-dynamic  pa rame te r s  in the nozzle might be approximated by those relating to the 
flow of gas with a constant adiabatic index. In this case the coefficients of the kinetic equations become 
known functions, and an approximate solution may be found for the equations. The probabil i t ies  of the pro-  
cesses  were taken in accordance with [11, 12]. 

The amplification factor  was calcu]ated [15] from 

2 1 ""J" c vi,,j _(nv'J" "v J) S('Y--Vo) 

.v'J' 
where S(v- %) is the form factor of the emission line, Avj is the Einstein coefficient for spontaneous 
emission, nv,j,, nvj are the populations of the vibrational-rotational levels, gj,, gj are the statistical 

weights, " v'J' is the transition frequency, and c is the velocity of light. VvJ 

The calculation was carried out for the center of the line v = %, taking A = 0.2 sec -I. The line con- 
tour was of the mixed type under the experimental conditions employed; the c~llision-broadening probabili- 
ties were taken from [15]. 

The theoretical data in Figs. 1 and 2, indicated by continuous lines, relate to the P20 line. On chang- 
ing the rotational quantum number J by two units AJ = ~ 2 (P 18,22) the theoretical data relating to the 
amplification factor K change by about 2~., which corresponds to the scatter of the experimental data. 

A comparison between the theoretical and experimental data for the CO 2 + N 2 + He mixture [Figs. 
1 and 2) reveals not only qualitative but also excellent quantitative agreement. 

In the case of the I0~ CO 2 + 90% N~. mixture, the experiments reveal con~derable amplification (in- 
tensification), whereas calculations in accordance with [II, 12] predict absorption K -~-5" I0 -I c~m-I. Ab- 
sorption remains operative up to a water vapor concentration of X = 0.12-0.3% (for S/S. = 18-59). This 
difference may be explained either by assxlming that we underestimated the value of the deactivation prob- 
ability of the deformation (shear) type of vibrations of the CO~. molecule used in the calculation (inversion 
was obtained in [17] or higher values of the probability), or else by assuming the presence of impurities. 
The most likely impurity under the conditions of the present experiment wou]d be oil Val~)r. 

For the i0~ CO 2 + (90- X)% N 2 + X % II20 with X =: 2-5% we find quantitative agreement between 
the theoretical and experimental data. 

The foregoing results lead us to conclude that the principle underlying the numerical calculation 
[11, ]2] and the proposed analytical procedure remains valid. 

The set of reaction velocity con~ants proposed in [II, 12] for the CO 2 + N 2 .~ IIe(H20) mixture des- 
cribes the system quite accurately for large helium concentrations (~50%) and for water vapor contents 
X > - 2%. 

In o rder  to descr ibe  the CO 2 ~ N 2 + H20 system for low water concentrations,  it may be that we shall 
have to cor rec t  the deactivation velocity constant for the deformation type of vibrations of the CO 2 mole-  
cule. 
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