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N u m e r i c a l  evalua t ions  of the ro l e s  p layed by the va r ious  nonl inear  effects  a r e  impor tan t  in c o n n e c -  
t ion with the t r a n s p o r t  of in tense  m o n o c h r o m a t i c  r ad ia t ion  in the a t m o s p h e r e  and in connect ion  with the use  
of l a s e r s  in s p e c t r o s c o p i c  dev i ce s .  Below we c a r r y  out a n u m e r i c a l  evalua t ion  for  one such  effect  - the 
s p e c t r o s c o p i c  sa tu ra t ion  effect  [1, 2] - fo r  the case  of the pu re ly  ro ta t iona l  s p e c t r u m  of H20 vapo r .  

The  sa tu ra t i on  effect  [1] cons i s t s  of an addit ional  b roaden ing  of a s p e c t r a l  l ine and reduc t ion  of the 
l ine in tens i ty  due to an equa l iza t ion  of the populat ions  of the ene rgy  leve l s  involved in the t r ans i t i on .  We 
adopt the fol lowing a r b i t r a r y  c r i t e r i o n  fo r  de t e rmin ing  the deg ree  of s a tu ra t ion  of a s p e c t r a l  l ine: 

S (~2) 1 (1) 
s (0) 2 

whe re  S(e 2) is the in tens i ty  of the l ine d i s to r t ed  by  the sa tu ra t ion  effect ;  and S(0) is the in tens i ty  o rd ina r i l y  
used fo r  s p e c t r o s c o p i c  p u r p o s e s  [3]. 

To find S(e 2) we use  the usua l  defini t ion of the l ine in tens i ty  in t e r m s  of the abso rp t ion  coeff ic ient  
K(w, e2), which depends on the squa re  of the f ield in tens i ty  ~ as a p a r a m e t e r  in the case  of an intense field 

[11: 
oo 

S(E2) = ~ K(r ~2) d (~o-- %)) (2) 
--oo 

In  the notat ion of [1], we can wr i t e  K(w, ~2) as 

~1o, ~ E O 

)@2 K (o~, 2) = 4=(~ (- KT (3) ~ l - e I (~'z)~l, t ~ '~ 
k (~__ r + ~2 ~- (P'Z)ab [ c2h2 

[the f r e q u e n c y  w and the ha l f -wid th  T in Eq.  (3) a re  given in r e c i p r o c a l  c e n t i m e t e r s ] .  F r o m  Eqs .  (2) and (3) 
we find 

T A B L E  1 
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0,095 
0,095 
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0,095 
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0,02365 
0,00022 
0,8333 
3,6541 
9,5872 
0,3000 
0,1239 
0,0006 

~ o  Eb 

e [esu/em] S (E2) = ~ 1 -- e -  

28,2395 
97,7990 

567,9268 
9,5683 
6,0742 
5,1945 

19,3008 
37,0108 

417,5127 

(4) 

We can wr i t e  the m a t r i x  e lement  fo r  the z component  of 
the dipole momen t  in the b a s i s  of the wave funct ions of a 
r ig id  a s y m m e t r i c  top ~I, jT  m (we a s s u m e  that the ma t r i x  
e lement  in t e r m s  of the v ib ra t iona l  wave  funct ions  is equal 
to the cons tant  dipole moment  P0 = 1.884 �9 10 -18 esu  [4]): 

(~z)~ab .--) i~o < J'Cm' ] (b (zy) [ J':m>. 

Here  4~(Zy) is the d i r ec t ion  cos ine .  Using the s t anda rd  
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procedure  for  evaluating the ma t r ix  e lements  for  d i rec t ion cosines  [5], we find the following express ion  for  
the sum over  X ( ~ in our  notation): 

i f / m  r 

, 3 
~ (1JOm I J m)22j--7"~L~ 

m 

Here  L is the line s t rength tabulated,  e .g. ,  in [6]. 
express ion  for  E2: 

7 
- , 1 e 2 ~  
7 2 + (1J0m [J m) 2 ~ L c~h-- ~- 

Using S(0) ~ #20L and Eq. (1), we find the following final 

Z !lJOm 1 J'm)2 1 -- 1 = 0. (5) 
~// I J'm)2 ( 1 J O m  L'~0 ~ ~2 67 m 2J' + 1 72 + ~'7 c2h2 
I '  

F r o m  Eq. (5) we can find e in e l ec t ros ta t i c  units per  cen t imete r ;  to exp re s s  the r e su l t s  in volts pe r  cent i -  
m e t e r  we must  mult iply the resu l t  by 300. Final ly,  with the solution of Eq. (5) we can find the intensity I 
(in watts per  square  cent imeter )  assoc ia ted  with this e lec t r i c  field f r o m  [7] I (W/cm 2) = (e2(V/cm)/361).  
A p r o g r a m  was wri t ten  for  an M-20 computer  to solve Eq. (5). 

Some of the calculated resu l t s  a r e  shown in Table  1; the half-width Y and line s t rength  L were  taken 
f rom [8]. F r o m  this table we see  that sa tura t ion  is achieved most  eas i ly  in the spec t r a l  regions in which 
the intense l ines ~ > 1) a re  grouped.  Analysis  of calculat ions for  60 lines f r o m  all th ree  spec t r a l  b ranches  
shows that the field leading to sa tura t ion  can be es t imated  f r o m  the s imple  equation e2 ~ (C/L),  where  C is 
a "constant ,"  i .e . ,  i nc reases  quite slowly with increas ing  half-width.  At Y = 0.07 cm - i ,  e .g. ,  we have C 

150 for  the P branch ,  C -~ 180 for  the Q branch,  and C -~ 185 for  the R branch .  

The authors thank T . ' K .  Pas ichenko for  a s s i s t ance  in the calcula t ions .  
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