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It i s  shown tha t  with c o n s t a n t  p u m p i n g  in m o l e c u l e s  of the  CO 2 t ype  the  o s c i l l a t o r y  t r a n s f e r  of  e n e r g y  
b e t w e e n  d i f f e r en t  m o d e s  of v i b r a t i o n s  i s  p o s s i b l e .  T h i s  e f fec t  can  l e a d  to  a p e a k e d  mode  of  g e n e r a t i o n  in 
l a s e r s  b a s e d  on CO 2. 

In l a s e r s  b a s e d  on m o l e c u l a r  g a s e s  such a s  CO2, NzO , H20 , e t c . , t h e  s i z e  of  the  i n v e r s i o n  i s  d e t e r -  
m i n e d  by  the  k i n e t i c s  of the e n e r g y  exchange  b e t w e e n  d i f f e r e n t  m o d e s  of  v i b r a t i o n s  and t r a n s l a t i o n a l  d e g r e e s  
of  f r e e d o m .  U n d e r  c e r t a i n  c o n d i t i o n s  the  p r o c e s s  of  e n e r g y  exchange  c a n  have a s e l f - o s c i l l a t o r y  n a t u r e .  
The d e v e l o p m e n t  of s e l f - o s c i l l a t i o n s  in the c a s e  u n d e r  c o n s i d e r a t i o n  is a n a l o g o u s  to  the s e l f - e x c i t a t i o n  of  
o s c i l l a t i o n s  in n o n l i n e a r  m e c h a n i c a l ,  b i o l o g i c a l ,  and  c h e m i c a l  s y s t e m s  [1-3].  

A s y s t e m  d e v e l o p e d  in [4] i s  u s u a l l y  u sed  in the  a n a l y s i s  of v i b r a t i o n a l  r e l a x a t i o n  in m i x t u r e s  of  m o l e c -  
u l a r  g a s e s .  A v i r t u e o f  th i s  s y s t e m  is  the  r e d u c t i o n  of the  k ine t i c  p r o b l e m  to an e x a m i n a t i o n  of  a s y s t e m  
of equa t i ons  of e n e r g y  b a l a n c e  fo r  i nd iv idua l  m o d e s  of  v i b r a t i o n s ,  which  is  j u s t i f i e d  by  the s m a l l n e s s  of  the 
t i m e s  of e n e r g y  exchange  b e t w e e n  the s t a t e  of  an  ind iv idua l  mode c o m p a r e d  with the  t i m e s  of  i n t e r m o d e  
i n t e r a c t i o n .  

Le t  us  w r i t e  the  s i m p l i f i e d  equa t i ons  d e s c r i b i n g  the k i n e t i c s  in a CO 2 l a s e r  in the  f o r m  

d n J d t  = q - -  W in3 (n2 -}- t )  a - -  exp  ( - -  ~R / T) n~ 3 (n 3 ~ i ) ]  ( 1 )  

dn~/dt = 3/2 W [n~ (n 2 Q- t )  s - -  exp  ( - -  8 E  / T) n~ 3 (n a @ 1)] - -  n 2 / v r ( 2 )  

H e r e  n 3 and n 2 a r e  the  a v e r a g e  n u m b e r s  of  v i b r a t i o n a l  quan t a  in the  a s y m m e t r i c a l  and  the  doubly  d e -  
g e n e r a t e  d e f o r m a t i o n a l  m o d e s  of  the  CO 2 m o l e c u l e ,  r e s p e c t i v e l y .  T h e s e  v a l u e s  a r e  r e l a t e d  to the no ta t ion  
a dop t ed  in [4] in the  fo l lowing  way:  2n 2 = g2, n3 = g3. The  r a t e  of f o r m a t i o n  of  v i b r a t i o n a l  quan ta ,  d e s i g n a t e d  
a s  q, e f f e c t i v e l y  a c c o u n t s  fo r  the  e x c i t a t i o n  of the  a s y m m e t r i c a l  mode by  e l e c t r o n  c o l l i s i o n  o r  r e s o n a n t  
e n e r g y  t r a n s f e r  f r o m  N 2 o r  CO m o l e c u l e s .  The s o u r c e  i s  o m i t t e d  in (2) s ince  with the  a p p r o p r i a t e  cho i ce  
of c o n d i t i o n s ,  such a s  the  c o m p o s i t i o n  of the  m i x t u r e ,  i t s  in f luence  on the  phenomenon  unde r  c o n s i d e r a t i o n  
c a n  be n e g l e c t e d ;  W is  t he  " e f f e c t i v e "  p r o b a b i l i t y  of d e c a y  of a q u a n t u m  of  the  a s y m m e t r i c a l  mode  into t h r e e  
quan t a  of the  d e f o r m a t i o n a l  mode .  As  in [4], we a s s u m e  the  e q u a l i t y  of the  t e m p e r a t u r e s  of the  d e f o r m a -  

t i o n a l  and  a s y m m e t r i c a l  m o d e s .  Of the  two c h a n n e l s  of  d e c a y  of  an  a s y m m e t r i c a l  q u a n t u m  (n3-~ 3n2, n 3 
n i + n2) the  f i r s t  is  le f t .  F o r  s m a l l  o c c u p a t i o n n u m b e r s , t a k i n g  accoun t  of both c h a n n e l s  does  not  a l t e r  the  
f o r m  of  the  equa t i ons ,  but  a s  W one mus t  u n d e r s t a n d  the  t o t a l  p r o b a b i l i t y  of  d e c a y  by  both c h a n n e l s .  F o r  
l a r g e  o c c u p a t i o n  n u m b e r s  the  c o n t r i b u t i o n  of  the  s e c o n d  channe l  is  u n i m p o r t a n t  if the  p r o b a b i l i t i e s  of  d e c a y  
in the  two r e a c t i o n s  a r e  c o m p a r a b l e .  The e n e r g y  de fec t  in the  r e a c t i o n  n~ --- 3n 2 i s  d e s i g n a t e d  a s  5 E ,  and  
7 r  1 is  the  p r o b a b i l i t y  of v i b r a t i o n a l - t r a n s l a t i o n a l  r e l a x a t i o n  of the  d e f o r m a t i o n a l  mode .  

The  s t a t i o n a r y  s t a t e  of  s y s t e m  (1), (2) i s  d e t e r m i n e d  b y  the e q u a t i o n s  
r 

e~~ = 3qTr (3) 
ea ~ = [8q / W + exp (-- 6E //')(s2~ a] / [(e2 ~ + 2) 3 --  exp (-- 6E / T) (e2~ 3] 

Le t  us  e x a m i n e  t h i s  s t a t i o n a r y  s t a t e  fo r  s t a b i l i t y .  A s  a func t ion  of the  p a r a m e t e r s  

cr ~ - -8 /W~' r ,  7 ~ e x p ( - - S E /  T) . 
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In (4)-(6) 

the  r o o t s  of  the  c h a r a c t e r i s t i c  equa t ion  c o r r e s p o n d  to 

d i f f e r e n t  t y p e s  of  s t a t i o n a r y  p o i n t s .  The  n a t u r e  of  the  
s t a t i o n a r y  poin t  c h a n g e s  upon c r o s s i n g  t h rough  the  
c u r v e s  in the a ,  fl p l ane  shown in F ig .  1 (for  the  c a s e  
of  T =0.16) :  in r e g i o n  I t h e r e  i s  a s t a b l e  node,  in II a 
s t ab l e  focus ,  in III  an  u n s t a b l e  focus ,  and  in IV an  un -  
s t a b l e  node.  A c t u a l l y  the  p a r a m e t e r s  ~ and  fi v a r y  a s  
a func t ion  of the  c o m p o s i t i o n  of the  g a s  m i x t u r e  and the  
d e g r e e  of  i on iza t ion  in the  e l e c t r i c a l  d i s c h a r g e  (25_< 
fi _< 3 �9 103, 0 < a ~ 5), and  one can  s e l e c t  c o n d i t i o n s  in 
which  s y s t e m s  I, II, and  III a r e  r e a l i z e d .  In c a s e s  III  
and  IV s e l f - o s c i l l a t i o n s  with a l i m i t i n g  c y c l e  s u r r o u n d -  
ing the  u n s t a b l e  s t a t i o n a r y  po in t  de ve lop  in the  s y s t e m .  
P h y s i c a l l y  the  i n s t a b i l i t y  has  a d e c a y  n a t u r e  and  has  the  
i n c r e m e n t  

I m  v = - -  i / l e  W [ (2  -{- e~~ a - -  7 (e~ a - -  9 e3 ~ (e~ ~ @ 2) s @ 9 y (e~~ 2 

X(~ ~ + t) + ~l 

T h i s  e f fec t  c a n  e x e r t  an  i m p o r t a n t  in f luence  on 

the  n a t u r e  of l igh t  g e n e r a t i o n  in m o l e c u l a r  l a s e r s .  The  
s y s t e m  of  equa t ions  fo r  the  r e d u c e d  e n e r g i e s  e of  the  
v i b r a t i o n a l  m o d e s  and  the  l ight  i n t e n s i t y  J a v e r a g e d  
o v e r  the length  of  the  r e s o n a t o r  [5] h a s  the  f o r m  

d~Jdt = q --  1/s W [83 (e~ -~ 2) a --  ~ e~ s (ca @ i)] --  jr ~A / ho) (4) 

d/dt (e 2 -~ 2el) = 1/s 3W is3 (e~ ~- 2) a -7 ? es~ (s3 ~- t)} 

'. ' @ 2:6A / ho -- es / vr (5) 

d]/dt = c] a N (A -- A0) (6) 

C o n s i d e r i n g  the  g e n e r a t i o n  of l igh t  at  the  w a v e -  

length  of 10.6 ~ to  be  s p e c i f i c ,  f o r  the v a l u e  of  A we 

have  

A = 1 6 ( % + t ) [ e s / ( e s + l ) - - e ~ 2 / ( e s + 2 ) ~ l / [ ( e z + 2 )  4 ( e a + t ) l  

e l  = e22/4 (a2 +1),  g is  the  c r o s s  s e c t i o n  of  r e s o n a n t  l ight  a d s o r p t i o n  , w is  the  f r e q u e n c y ,  
N i s  t he  c o n c e n t r a t i o n  of  a c t i v e  m o l e c u l e s ,  and  N~ 0 i s  the  t h r e s h o l d  i n v e r s i o n .  As  an  a n a l y s i s  of  s y s t e m  
(4)-(6) shows ,  for  a g iven  v a l u e  of A 0 a s  a func t ion  of  the  p a r a m e t e r s  ~ and fi e i t h e r  a s t a t i o n a r y  s t a t e  with 
J ~ 0 i s  r e a l i z e d  (in which  c a s e  s e l f - o s c i l l a t i o n s  do not  develop)  o r  a s t a t i o n a r y  s t a t e  with J # 0 is  a b s e n t  
(a > ~ , ) .  F o r  A 0 << 1 the  b o u n d a r y  of the  r e g i o n  s e p a r a t i n g  t h e s e  two c a s e s  i s  d e t e r m i n e d  by  the  cond i t i on  
~ ,  ~ Aol /5 .  If in t h i s  c a s e  ~ and fi l ie  in r e g i o n  III o r  IV (Fig.  1) then  s y s t e m  (4)-(6) has  a l i m i t i n g  c y c l e  
in which the  p e a k e d  g e n e r a t i o n  of  l igh t  i s  p o s s i b l e  a g a i n s t  the  b a c k g r o u n d  of  s e l f - o s c i l l a t i o n s  in e2 and  e 3. 
The p r o j e c t i o n  of  the  p h a s e  t r a j e c t o r y  of  s y s t e m  (4)-(6) on the e2, e~ p lane  c a l c u l a t e d  fo r  the  c a s e  ~/ =0.16,  
o~ =1, fi =8 �9 102, and  A 0 =0.03 i s  shown in Fig .  2a .  Curve  1 i s  the  p h a s e  t r a j e c t o r y  of  s y s t e m  (4)-(5) when 
J = 0 and c u r v e  2 p e r t a i n s  to the ful l  s y s t e m  (4)-(6).  The d a s h e d  c u r v e  i s  the  b o u n d a r y  of  the  r e g i o n  in which  
l igh t  g e n e r a t i o n  i s  p o s s i b l e .  The  s c a l e  a long  the  e2 a x i s  f r o m  0 to 2 is  l i n e a r  and  fo r  a 2 > 2 it is  l o g a r i t h -  
mm.  The  t i m e  d e p e n d e n c e  of the  i n t e n s i t y  o f  the  l igh t  s i gna l  i s  p r e s e n t e d  in F ig .  2b in r e l a t i v e  un i t s ,  J0 = 
0 . 1 N o h ~ A  3. The  t i m e  s c a l e  i s  t o =100/NccrA0 ~ 10 -G sec ;  in the  s e c t i o n  1 < t < 6 the  s c a l e  i s  l o g a r i t h m i c  
and fo r  t < 1 and t > 6 i t  i s  l i n e a r .  Such a mode  i s  r e a l i z e d  if the  l i m i t i n g  p h a s e  t r a j e c t o r y  of  s y s t e m  (4)-(5) 
when J =0 c r o s s e s  the  b o u n d a r y  of  the  r e g i o n  A =A0; o t h e r w i s e  the  g e n e r a t i o n  of a s ing le  l igh t  p u l s e  o c c u r s .  

The p h e n o m e n o n  of  s e l f - o s c i l l a t i o n s  can  be d e t e c t e d  e x p e r i m e n t a l l y  e i t h e r  in the  f o r m  of  o s c i l l a t i o n s  
in the  c o e f f i c i e n t  of a m p l i f i c a t i o n  of a weak  s igna l  o r  in the  p r o p e r t i e s  of  the  g e n e r a t i o n  m o d e s  of the  s y s t e m  

in the  r e s o n a t o r  (the p e a k e d  mode) .  

Unde r  r e a l  cond i t i ons  the  n a t u r e  of the  p h e n o m e n o n  d i s c u s s e d  i s  in f luenced  b y  v a r i o u s  e f f e c t s  not 
t a k e n  into  accoun t  in the  mode l  adop ted :  v a r i a t i o n  in the  gas  t e m p e r a t u r e ,  on which ~'r, W, and T depend;  
the  d e g r e e  of  i o n i z a t i o n  and c o l l i s i o n  of the  s e c o n d  kind,  which a f f e c t s  q.  C h e m i c a l  r e a c t i o n s  p r o c e e d i n g  
in  the s y s t e m  c a n  a l t e r  the  c o m p o s i t i o n  of the  m i x t u r e  and with  i t  the  p a r a m e t e r s  ~ and  fl.  T r i a l  c a l c u l a -  
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t ions taking into account  t e m p e r a t u r e  va r i a t ions  and col l is ions of the second kind were  c a r r i e d  out in which 
new ef fec t s  appeared.  In pa r t i cu la r ,  because  of col l is ions of the second kind with ~ > ~c (ac ~ 2.4) three  
s ta t ionary  points develop for  fixed ~ and p.  The max ima  of ~ and fi a r e  s t rongly  d e c r e a s e d  but the c h a r a c -  
t e r i s t i c  p r o p e r t i e s  of in termodal  t r a n s f e r  a re  re ta ined  quali tat ively.  
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