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The process of vibrational excitation of molecules behind shock waves usually proceeds as follows [i]: 
at a distance of the order of several molecular mean free path lengths, the kinetic energy of translational 
motion of moleules is transformed into the energy of random motion, which increases the gas temperature 
behind the shock wave front. Then, energy is exchanged between the vibrational and translational molecular 
degrees of freedom. Due to the rapid V-V exchange, a Boltzmann distribution of molecules over vibrational 
levels is established with temperature TV, which in the process of vibrational excitation increases monotoni- 
cally from a value equal to the temperature of the gas entering into the front of the shock wave T o to the value 
of the translational temperature T 1 behind the shock wave front. We will refer to the process of vibrational 
excitation behind the shock wave front described above as an equilibrium process. 

It was shown in [2] that when a shock wave propagates in a light-weight gas with a small admixture of a 
heavy gas the translational relaxation length of heavy molecules is approximately a factor of m G / m  L greater 
than for the light-weight molecules (m G and m L are the masses of the heavy and light components). This effect 
is related to the fact that the fraction of the energy transferred in a collision between a heavy particle and a 
light particle is small, and for this reason a large number of collisions is necessary to stop the heavy particle. 

We will analyze qualitatively the phenomena occurring as molecules consisting of atoms with masses m H 
and m F are stopped in a medium consisting of particles with mass m L (m H >> m F > mL). This case is related, 
for example, to propagation of a shock wave in helium or argon with a small admixture of UF 6 molecules. 

The velocity of the gas before and after the shock wave front and the temperature of the monatomic gas 
are related by the relations 
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w h e r e  M 0 = U0/a0; a 0 is  the  v e l o c i t y  of  sound in the  gas  in f ron t  of the s h o c k  wave  f ront .  The s i z e  of the  zone  of 
t r a n s l a t i o n a l  r e l a x a t i o n  of l i g h t - w e i g h t  p a r t i c l e s  (the wid th  of the  s h o c k  wave)  i s  l L ~ ( n L ~ L L ) - l  and tha t  of 
heavy  m o l e c u l e s  is  l G ~ (mG/mL)l L (n L is the c o n c e n t r a t i o n  of l i g h t - w e i g h t  p a r t i c l e s  behind the f r o n t ,  ~ L L  
is  the  c r o s s  s e c t i o n  fo r  e l a s t i c  s c a t t e r i n g )  and,  fo r  th is  r e a s o n ,  behind the s h o c k  wave  f ron t  t h e r e  e x i s t s  a 
l a r g e  r e g i o n  w h e r e  heavy  m o l e c u l e s  have  k ine t i c  e n e r g y  of d i r e c t e d  mot ion  which ,  on c o l l i s i o n s  w i th  a t o m s ,  
can  l ead  to v i b r a t i o n a l  exc i t a t i on  of m o l e c u l e s  c o n s i s t i n g  of F and H a t o m s  o r  H and H. If  the  p a r a m e t e r s  of 
the  a t o m i c  i n t e r a c t i o n  po t en t i a l s  F - L  and H - L  a r e  i d e n t i c a l ,  then v i b r a t i o n a l  e xc i t a t i on  of the  F H  m o l e c u l e  
w i l l  o c c u r  m o s t  e f f i c i en t l y ,  s i n c e ,  on the  one hand,  such  a m o l e c u l e  has  the l o n g e r  s t o p p i n g  d i s t a n c e  c o m -  
p a r e d  to F F  and,  on the o t h e r ,  i t  has  the  h i g h e s t  p r o b a b i l i t y  fo r  exc i t i ng  v i b r a t i o n s  c o m p a r e d  to HH. The  d i -  
r e c t e d  v e l o c i t y  of  heavy  p a r t i c l e s  in f r o n t  of the  s h o c k  wave  f ron t  e xc e e ds  the  r a n d o m  v e l o c i t y  of l i g h t - w e i g h t  
p a r t i c l e s  behind the s h o c k  wave  f ron t  and,  fo r  th is  r e a s o n ,  a s i t u a t i o n  can  o c c u r  in wh ich  the v i b r a t i o n a l  t e m -  
p e r a t u r e  of the a d m i x t u r e  m o l e c u l e s  e x c e e d s  the  gas  t e m p e r a t u r e  behind the s h o c k  wave  f ron t ,  so  tha t  s u b s e -  
quent  v i b r a t i o n a l  r e l a x a t i o n  o c c u r s  in a n o n e q u i l i b r i u m  m a n n e r  (Fig.  l a ,  c u r v e  2) wi th  e xc i t a t i on  invo lv ing  
e n e r g y  exchange ,  o p p o s i t e  to tha t  of the  " e q u i l i b r i u m "  e xc i t a t i on  (Fig.  l a ,  c u r v e  1) (/L, IG, and /VT a r e  the  
t r a n s l a t i o n a l  r e l a x a t i o n  lengths  of l i g h t - w e i g h t  and heavy  m o l e c u l e s  and the v i b r a t i o n a l  r e l a x a t i o n  l eng th  of the  
m o l e c u l e s ;  in F ig .  l b ,  c u r v e  1 is  fo r  l i g h t - w e i g h t  p a r t i c l e s  and c u r v e  2 is  fo r  heavy  p a r t i c l e s ) .  

Le t  us c a l c u l a t e  the  f r a c t i o n  of v i b r a t i o n a l  e n e r g y  t r a n s f e r r e d  to a m o l e c u l e  as i t  is  s l owed  down in a 
l i g h t - w e i g h t  gas .  In so  do ing ,  we  w i l l  n e g l e c t  the n a r r o w  zone  of t r a n s l a t i o n a l  r e l a x a t i o n  of  l i g h t - w e i g h t  p a r -  
t i c l e s .  I t  is  w e l l  known [3] tha t  when a s h o c k  wave  p r o p a g a t e s  in a b i n a r y  m i x t u r e ,  as a r e s u l t  of d i f fus ion ,  the  
l i g h t - w e i g h t  c o m p o n e n t  c o n c e n t r a t e s  on the s h o c k  wave  f ron t .  The wid th  of the  zone  in wh ich  p a r t i c l e s  c o n c e n -  
t r a t e  Ax ~ D / U  0 (D is  the  d i f fus ion  coef f i c ien t )  is  of  the  o r d e r  of  a m e a n  f r e e  pa th  l eng th  of l i g h t - w e i g h t  

Moscow.  T r a n s l a t e d  f r o m  Z h u r n a l  P r i k l a d n o i  Mekhan ik i  i T e k h n i c h e s k o i  F i z i k i ,  No. 5, pp. 49 -54 ,  S e p -  
t e m b e r - O c t o b e r ,  1981. O r i g i n a l  a r t i c l e  s u b m i t t e d  June  25, 1980. 
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particles or the width of the translational relaxation zone of the light-weight componentS, which we neglect. 

Let us examine relaxation of vibrational energy of molecules described by harmonic oscillators in the 
zone where they are stopped in the light-weight gas behind the shock wave front. The kinetic equations for the 
population density of the i-th vibrational state in the single-quantum approximation for V-V exchange have 
the form 
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v is the f r equency  of co l l i s ions  leading to V - T  exchange.  T e r m s  conta in ing  P and Q d e s c r i b e ,  r e s p e c t i v e l y ,  
V - T  and V - V  exchange.  The equation fo r  v ib ra t iona l  ene rgy  per  unit  vo lume  

E = 1~r ~ N i i / N  (2) 

does not contain  t e r m s  with V - V  exchange which  do not change  E. Taking into account ,  in addit ion,  that  f o r  
h a r m o n i c  o s c i l l a t o r s  Pi+~,i = (i + 1)P10, Pi,i+~ = (i + 1)P01, we obtain a wel l -known equation fo r  r e laxa t ion  of 
v ib ra t iona l  energy .  F o r  s t a t i ona ry  mot ion of the gas ,  it has the f o r m  

U dEdx vLGPlo (t - -  z) (E --  E(~ (3) 

D ~ -= ho3z/O - -  z), z = Po~/Plo. (4) 

In the state of thermodynamic equilibrium, z = Zp = exp (--h~/T). In nonequilibrium vibrational excita- 
tion and relaxation that we are examining, heavy molecules are stopped in the light-weight gas over a greater 
distance compared to the mean free path length of light-weight molecules and, for this reason, the rate of 
vibrational excitation and relaxation will depend on the magnitude of the directed velocity of the molecules. 
Or, in other words, in order to determine the average probabilities P01 and P10, it is necessary to average the 
transition probabilities over the Maxwell distribution function, shifted by the magnitude of the relative velocity 
of light-weight and heavy molecules AU(x) = U(x) -UI :  

/L(x, v) = ~ :  e,,v ~ . (5) 

Here ,  it is a s s u m e d  that  the d i s t ance  o v e r  which  a Maxwell  d i s t r ibu t ion  is es tab l i shed  (of the o r d e r  of the mean  
f r e e  path length of l igh t -weight  molecules)  is l ess  than the d i s t ance  o v e r  which  U (x) changes  app rec i ab ly ,  i .e . ,  
I L d U / d x  << AU. 

We will  take the probabi l i ty  for  exci ta t ion  and deexc i ta t ion  of v ib ra t ions  in the adiabat ic  app rox ima t ion ,  
taking into account  the pr inc ip le  of deta i led  ba lance .  Acco rd ing  to [4], the adiabat ic  probabi l i t i es  P10(v), P0~(v) 
f o r  an exponent ia l  potent ia l  d e s c r i b i n g  r epu l s ion  of l igh t -weight  gas a toms  f r o m  m o l e c u l e s ,  taking into account  
the p r inc ip le  of deta i led  ba lance ,  m u s t  be wr i t t en  in the f o r m  

po~(v)=Aexp[ 2a~o(t , ~o)'~]. (6) 
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w h e r e  # = m G m L / ( m  G + mL);  A is the p re -exponen t i a l  mul t ip l i e r ,  which  we a s s u m e  does not depend on the 
ve loc i ty  of the pa r t i c les .  We will  c a r r y  out the ca lcu la t ions  in the adiabat ic  approx imat ion ,  a s s u m i n g  that  the 
ad iaba t ic i ty  p a r a m e t e r  is l a rge  ($ = ua0~ (mL/2T1)  t/2 >> 1). In this c a s e ,  the t e r m  5 ~ / 2 # ~  0 ~ ( h w / T 0 ~  -2/3 << 1 
in (6) and (7), so  tha t  it can be a s s u m e d  to be s m a l l  c o r r e c t i o n  and in in tegra t ing  over  the d i s t r ibu t ion  (5) i t s  
value at the point of the m a x i m u m  in the in tegrand  can be taken out f r o m  under  the i n t eg ra l  sign.  Calcula t ion  
of the a v e r a g e  probabi l i t ies  us ing the saddle  point method leads to the fol lowing e x p r e s s i o n s :  

Pol (u) = ~Pox(V)]L( x, v) d3v= Po,(T,)exp[---~l]ch[ucz(l +~)];  (8) 

(9) 

w h e r e  u(x) = [U(x) - U1] ( m L / 2 T ~ )  1/2, while the d imens ion l e s s  p a r a m e t e r s  o~ = 2~ I/3 and fl = h w / 6 T l ~  2/3. 

The col l i s ion  f r equency  VLG, en te r ing  into Eq. (3), a l so  mus t  be ave raged  over  the ve loc i ty  d i s t r ibu t ion  
funct ion (5). If the e las t ic  s c a t t e r i n g  c r o s s  sec t ion  ~LG does not depend on ve loc i ty ,  then as a r e su l t  of a v e r -  
aging,  we obtain 

VGL (U) = (2T/,nL)I/2nLaLG [l - -  ~U(I ' (u)1 ,  (10) 
tt 

~3 (u) = (2n) -1'~ J' e-d'/2dt. 
O 

Equat ion (3) has a s imp le  phys ica l  meaning.  If at  each point behind the shock  wave f ront  the d i s t r ibu t ion  
funct ion over  the v ib ra t iona l  d e g r e e s  of f r e e d o m  w e r e  es tab l i shed  ove r  a d i s t ance  much  less  than the s topping  
d i s t ance  of heavy m o l e c u l e s ,  then a q u a s i s t a t i o n a r y  d i s t r ibu t ion  would be es tab l i shed  ove r  v ibra t ions  with E (~ 
(4), w h e r e  

Z ( U )  P~ (u) e-n(o /T1  ch [ua(t + ~)1 (11) 
Pl0 (u) ch [u~ (i -- ~)1 " 

Due to the rapid  V - V  exchange,  the d i s t r ibu t ion  funct ion mus t  be a Bol tzmann  function with v ib ra t iona l  
t e m p e r a t u r e  TV(X), defined by the r e l a t ion  

T v (x) - -  T1 : 2 u  (x) (12) 
r I 3~ 1/s , 

which  is obtained f r o m  (11) by expanding with r e s p e c t  to the sma l l  p a r a m e t e r  ~-1.  But, in r ea l i t y ,  v ib ra t iona l  
exci ta t ion  occu r s  at a f inite r a t e  [ t ime ~VT ~ (VLGP10) -1] and Eq. (3) d e s c r i b e s  re laxa t ion  of v ib ra t iona l  ene rgy  
to E (o) (u). 

Subst i tut ing into (12) the value  of the ve loc i ty  U 0 on the wave f ront ,  it is poss ib le  to obtain  a useful  upper  
e s t ima te  f o r  the l a r g e s t  poss ib le  excess  of the v ibra t iona l  t e m p e r a t u r e  above the equ i l ib r ium value.  

In what  fo l lows,  f o r  the ve loc i ty  d i s t r ibu t ion  behind the shock  wave  f ront ,  we will  use  the approx ima te  
equat ion fo r  s topping heavy pa r t i c l e s  in a med ium cons i s t ing  of l igh t -weigh t  pa r t i c l e s  [2] 

_ _  ,' ~, lrtLffLO{~ , U de f3G(U--U~).,, ~ =  '"r ~ ,-~ 

dz mV (i3) 

[ 128 (5M~0__ i)11,'2 
c = + 3) 

Equat ion (13) is val id if the r e l a t ive  ve loc i ty  of heavy  and l igh t -weight  pa r t i c l e s  is sma l l  c o m p a r e d  to the a v e r -  
age  t h e r m a l  ve loc i ty  of the l igh t -weight  pa r t i c l e s  [i .e. ,  in the reg ion  w h e r e  AU(x) << 1]. In a m o r e  r i g o r o u s  
fo rmula t ion ,  it is n e c e s s a r y  to take into account  the exact  dependence  of the d rag  f o r c e  on the r e l a t ive  ve loc i ty  

[5]. 

Equat ion (3) mus t  be supp lemented  by a boundary  condit ion.  In this paper ,  we wil l  choose  this condit ion 
as fol lows:  an equ i l ib r ium d i s t r ibu t ion  o v e r  v ib ra t iona l  d e g r e e s  of f r e e d o m  exis ts  on the shock  wave  f ron t  with 
t e m p e r a t u r e  T V = T 0. N o r m a l i z i n g  the v ib ra t iona l  ene rgy  to its equ i l ib r ium value on the shock  wave  f ron t  
(T V = T 1) and substiLuting (4)-(13) into (3), we obtain the equation 
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d~ _ ~(0~ (~) + ~ ~ (uo) = rp (~0) 
du ~ (u) ' ~ '  (14) 

VLa P10 (u) [1 -- z (u)l ' U~ = [U~ - -  UI] (mL/2T1)IE 

The v a r i a b l e  u is  r e l a t e d  to the  d i s t a n c e  x f r o m  the s h o c k  wave  f ron t  by the r e l a t i o n  

z / l  a == -I/-2C[A(uo - -  u) -~ ln(uo/u) ], A = (2T1/mr)~2/Ut ,  

fo l lowing  f r o m  (13)o 

We wi l l  a n a l y z e  q u a l i t a t i v e l y  the  s o l u t i o n  of Eq. (14): u s u a l l y ,  the t e m p e r a t u r e  behind the  s h o c k  wave  
f r o n t  is  h i g h e r  than the i n i t i a l  t e m p e r a t u r e .  F o r  th is  r e a s o n ,  fo r  u(x) -< u 0, s(0)(u) >> e(u 0) and i t  is  p o s s i b l e  
to n e g l e c t  the  t e r m  s on the r i g h t  s i d e  of Eq.  (14). Tak ing  into account  the f ac t  tha t  in th is  r e g i o n  the p a r a -  
m e t e r  a >> 1 and c a r r y i n g  out  the c o r r e s p o n d i n g  expans ion  wi th  r e s p e c t  to th is  p a r a m e t e r ,  we ob ta in  

~ ( z ) =  exp( t ) / td t~  (15) 

Plo (rl)  -m~ AC [t - -  exp (--!4o)/Tz)l. 

F o r  u -  0, a(u) - - a ( ~  The s o l u t i o n  can  be j o ine d ,  for  e x a m p l e ,  at  the point  u* def ined  by the  equa t ion  

We note  that  in the  c a s e  tha t  the cond i t ion  of a d i a b a t i c i t y  is  not  s a t i s f i e d ,  as  of ten o c c u r s  wi th  c o l l i s i o n s ,  fo r  
e x a m p l e ,  be tween  p a r t i c l e s  tha t  have  v e r y  d i f f e r e n t  m a s s e s  [4], the  t h e o r y  of n o n e q u i l i b r i u m  v i b r a t i o n a l  e x -  
c i t a t i o n  d e v e l o p e d  does  not l o s e  i t s  m e a n i n g .  In th is  e a s e ,  only the  t r a n s i t i o n  a m p l i t u d e s  change  in (6) and (7), 
and in s u b s e q u e n t  c a l c u l a t i o n s  i t  is not  n e c e s s a r y  to c a r r y  out  an expans ion ,  whi l e  i t  is  n e c e s s a r y  to u s e  m o r e  
c o m p l i c a t e d  e x p r e s s i o n s  s i m i l a r  to ( 8 ) -  (14). But,  a p p a r e n t l y ,  the  c onc lu s ion  tha t  the  v i b r a t i o n a l  t e m p e r a t u r e  
e xceeds  the  e q u i l i b r i u m  va lue  r e m a i n s  va l id  and the e s t i m a t e s  p r e s e n t e d  above  w i l l  t u rn  out  to be usefu l .  

Le t  us a n a l y z e  the  c h a r a c t e r i s t i c  magn i t ude s  of the p a r a m e t e r s  u s ing  as  an e x a m p l e  the p r o p a g a t i o n  of 
a s h o c k  wave  in h e l i u m  wi th  a s m a l l  a d m i x t u r e  of UFG. A c c o r d i n g  to [6, 7], the m u i t i m o d e  UF 6 m o l e c u l e  is  
d e s c r i b e d  wi th  good a c c u r a c y  by a two mode  a p p r o x i m a t i o n ,  in wh ich  the l o w e r  m o d e s  a r e  c o m b i n e d  into  a 
s i n g l e  mode  wi th  an e n e r g y  q u a n t u m  t i ~ 1 / k  = 253~ and the u p p e r  modes  a r e  c o m b i n e d  into  a s i ng l e  mode  wi th  
an e n e r g y  quan tum h~ 2 / k = 876~ The f r e q u e n c y  fo r  exchange  of v i b r a t i o n a l  quan ta  be tween  modes  is  K 2 = 
4 .5 .105  p (Pa  -1" s e c - l ) ,  and the V - T  r e l a x a t i o n  r a t e  of the l o w e r  mode  in c o l l i s i o n s  wi th  a r g o n  a toms  is  PTVT = 
6 �9 10 -4 P a .  s e e  and w i th  UFr m o l e c u l e s  PTVT = 4 . 4 . 1 0  .4 Pa"  s e e .  In a m i x t u r e  wi th  He,  t h e s e  p a r a m e t e r s ,  
a p p a r e n t l y ,  do not change  s i g n i f i c a n t l y .  F o r  th is  r e a s o n ,  we  w i l l  e x a m i n e  the e x a m p l e  of a s h o c k  wave  in h e -  
l i u m  wi th  a s m a l l  a d m i x t u r e  of UF6, s i n c e  b e c a u s e  of the  a p p r e c i a b l e  r a t i o  of the  m a s s e s  in th is  m i x t u r e ,  the  
e f fec t s  be ing  e x a m i n e d  could  p o s s i b l y  be o b s e r v e d  in th is  m i x t u r e .  We wi l l  c h o o s e  the  p a r a m e t e r s  of the  m i x -  
t u r e  in f r o n t  of the  s h o c k  wave  f ron t  as  fo l lows :  M 0 = 5, T o = 300~ P0 = 1 kPa .  Then the wid th  of the  t r a n s i -  
t i ona l  r e l a x a t i o n  zone  fo r  the  l i g h t - w e i g h t  c o m p o n e n t  is  l L ~ 5 " 10 -3 c m  and the c h a r a c t e r i s t i c  s topp ing  t i m e  
f o r  the  heavy  p a r t i c l e  is  7 G - / G / U 0  ~- 0 . 9 . 1 0  -G s e c .  This  t i m e  g r e a t l y  e x c e e d s  the  p e r i o d  of the  m o l e c u l a r  
v i b r a t i o n s ,  co -1 << 7 G. The V - T  r e l a x a t i o n  t i m e  (~VT ~- 0.2 �9 10 -7 see )  is  l e s s  than the r e t a r d a t i o n  t i m e  of a 
heavy  m o l e c u l e  and g r e a t e r  than the V - V  exchange  t ime  (~-VV < K~ 1 -~ 0 . 2 . 1 0  -a see )  TVV << 7VT << 7 G. Thus ,  
t he  c h a r a c t e r i s t i c  t i m e s  c o r r e s p o n d  to the  m o d e l  be ing  e x a m i n e d .  

We wi l l  l i m i t  o u r s e l v e s  to e x a m i n i n g  pumping  only of the  l o w e r  mode  of the  UF 6 m o l e c u l e ,  t h r o u g h w h i c h  
V - T  exchange  wi l l  o c c u r  m o s t  i n t e n s i v e l y ,  s i n c e  the  V - V  exchange  t i m e  be tween  m o d e s  is  much  l e s s  than the  
c h a r a c t e r i s t i c  V - T  r e l a x a t i o n  t i m e .  Al though  in d e r i v i n g  (14) the  L a n d a u - T e l l e r  a p p r o x i m a t i o n  was  u s e d ,  
t a k i n g  into account  the  V - T  r e l a x a t i o n  r a t e  of a p o l y a t o m i c  m o l e c u l e ,  which  can  tu rn  out  to be g r e a t e r  than  
tha t  e x a m i n e d  in the  p r e s e n t  m o d e l  [4], w i l l  only  i n c r e a s e  the  v i b r a t i o n a l  t e m p e r a t u r e  of  the  m o l e c u l e .  The 
c a l c u l a t i o n  is  only  i l l u s t r a t i v e  due to the  a b s e n c e  of d a t a  on the  t e m p e r a t u r e  d e p e n d e n c e  of the v i b r a t i o n a l  e x -  
c i t a t i o n  p r o b a b i l i t i e s  of the  U F  6 m o l e c u l e .  F i g u r e  2 shows the  d e p e n d e n c e  of the  v i b r a t i o n a l  e n e r g y  of the 
l o w e r  mode  of UF6 on the d i s t a n c e  x to the  s h o c k  wave  f ron t  (mix tu re  of He and UFG). H e r e ,  we  u s e  the  fo l l ow-  
ing va lue s  of the  p a r a m e t e r s :  ~ = 8, P10(Ti) = 0.04. 

The  e f fec t  e x a m i n e d  can ,  a p p a r e n t l y ,  be o b s e r v e d  e x p e r i m e n t a l l y  by fo l lowing  the c o n c e n t r a t i o n  of the  
f i r s t  v i b r a t i o n a l l y  exc i t ed  s t a t e .  The c h a r a c t e r i s t i c  wid th  of the  r e l a x a t i o n  zone  of the  v i b r a t i o n a l  t e m p e r a -  
t u r e  is  Ax ~ l G -~ 0.4 cm.  
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In s t ronger  shock waves,  the effect can lead, in part icular ,  to the existence of a zone with a high degree 
of dissociation of molecules,  while the lat ter  attains an equilibrium value behind the region in which the heavy 
molecules are stopped, if there are no admixtures that actively couple the reaction products.  
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PROBLEM OF OBTAINING A POPULATION INVERSION 

IN VIBRATIONAL LEVELS OF POLYATOMIC DIPOLE 

MOLECULES BEHIND A SHOCK-WAVE FRONT 

V. A. Levin and A. M. Starik UDC 533.6.011.72 

The possibility for an inversion to ar ise  with the breakdown of thermodynamic equilibrium as a resul t  of 
a sharp increase  in the tempera ture  of a mixture of polyatomic molecules ,  having different relaxation times 
for  f ree  vibrations,  was f i rs t  examined in [1]. However,  in spite of the fact that in [2] lasing was detected be- 
hind the front of an overdr iven detonation wave in a F 2 0 - H 2 - A r  mixture,  in pract ice  this method has not been 
widely used. This is related,  apparently,  to the fact that the calculations of the flow of CO2-N2-He  (H20) mix- 
tures behind the front of a s t rong shock wave ca r r i ed  out in [3, 4] indicated a very small  s ize  for the region 
in which the inversion exists of about 0.2 cm [4]. And, although the value of the inverted population density for 
the transit ions 04o0 --00~ and 2000 --00~ in the CO2 molecule was comparable  to the inverted population den- 
sity of molecules with expansion in supersonic  nozzles ~1054-1015 cm -3, it is very difficult to observe it and to 
generate laser  radiation with very small  gains {~0.005 m -s) in such thin layers .  

The difficulties of choosing an active medium for a laser ,  using the method of fast  heating for disrupting 
thermodynamic equilibrium, are  related to the necessi ty  of providing for high pumping rates  to the upper l ase r  
level. Since initially the translational  t empera ture  behind the front of a shock wave is high, while the popula- 
tion density of vibrational levels corresponds  to the equilibrium tempera ture  in front of the shock wave front 
[5], the rate of excitation of molecules in this case is determined by the rate of the V - T  process  for modes 
having the shor tes t  relaxation time. For  this reason,  one of the requirements  for molecules in the active me-  
dium in obtaining an inversion by the rapid heating of the mixture is a high rate for V - T  processes .  This is 
also indicated by the results  of [6], wherein the possibility of the formation of an inversion behind a shock 
wave front as the wave passes through a mixture containing (CO2, N20) molecules with different V- T relaxa- 
tion times, ~-j, was analyzed. 

The smallest values of ~j, with other conditions being equal, are characteristic for unsymmetrical di- 
pole molecules. For example, the rate of excitation of the deformation vibrations in the V-T process for H20 
molecules is 50 times greater than the corresponding value for CO 2 even in a mixture with He. The use of such 
molecules will also provide acceptable gains (due to the high Einstein coefficients) even with low inverted popu- 
lation densities of the particles. The possibility of obtaining an inverted population with rapid heating of a gas 
consisting of dipole molecules in shock waves was first examined in [7] for H20 molecules. 

Moscow. Translated from Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki, No. 5, pp. 54-61, Sep- 
tember-October, 1981. Original article submitted June 18, 1980. 
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