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We have c a l c u l a t e d  t h e  n o n l i n e a r  r e a l  index o f  r e f r a c t i o n  va-  

r i a t i o n s  o f  a gas medium due t o  a s t r o n g  monochromatic r a d i a t i o n  causing 

s a t u r a t i o n  e f f e c t s .  The gas i s  supposed t o  be composed o f  two-leve1 mo- 

l e c u l e s  w i t h  which t h e  ex te rna1  f i e l d  i s  n e a r l y  resonant .  We assume ho- 

mogeneous (hard c o l l i s i o n s ,  sponfaneous decay) and inhomogeneous (Dop- 

p l e r  e f f e c t )  broadening mechanisms a c t i n g  on t h e  r e a l  index o f  r e f r a c -  

t i o n  o f  t h e  medium. The n o n l i n e a r  d i s p e r s i o n  o f  t h e  medium i s  s t u d i e d  

as a f u n c t i o n  o f  t h e  de tun ing  f requenc ies ,  s a t u r a t i o n  c o n d i t i o n s  and f o r  

v a r i o u s  r a t i o s  between t h e  homogeneous and inhomogeneous l i n e w i d t h s .  I n  

p a r t i c u l a r ,  t h e  m o d i f i c a t i o n  o f  t h e  index o f  r e f r a c t i o n  due t o  s a t u r a -  

t i o n  e f f e c t s  a r e  emphasized. 

Calculamos as  va r iações  do í n d  i ce  de r e f r a ç ã o  r e a l  não- l i near  

de um meio gasoso devidas a uma rad iação  monocromática in tensa que cau- 

sa e f e i t o s  de saturação. Supõe-se que o gás se ja  composto de moléculas 

de d o i s  n í v e i s  com as  quais  o campo e x t e r n o  é quase ressonante.  Supomos 

mecan i smos de alargamento homogêneos (c01 isões duras, deca imento espon- 

tâneo) e inomogêneas ( e f e i t o  Doppler)  ag indo sobre o i n d  i c e  de r e f r a ç ã o  

r e a l  do meio. A d ispersão  n ã o- l i n e a r  do meio é estudada como uma função 

das f requênc ias  de "detuningl ' ,  das condições de saturação e para v á r i a s  

razões e n t r e  as  l a r g u r a s  de l inha homogêneas e inomogêneas. Em p a r t  i c u -  

l a r ,  são e n f a t  izadas as  mod i f  icações do í n d  i c e  de r e f r a ç ã o  dev idas a 

e f  e i t o s  de saturação. 



1. INTRODUCTION 

Since the  d i s c o v e r y  o f  anomalous d i s p e r s i o n  by Le Roux in1862,  

a  g r e a t  deal  o f  research has been done on t h e  s u b j e c t .  A l l  t h e  w o r k  

done t i l  1 1931 was r e v i s e d  by Kor f f  and ~ r e i t '  and an e x t e n s i v e  rev iew 

a r t i c l e  on t h e  quantum theory  o f  d i s p e r s i o n  by B r e i t  appeared by the  

same 

The s tudy  o f  o p t i c a l  d i s p e r s i o n  j u s t  b e f o r e  t h e  advent o f  t h e  

l a s e r  was r e s t r i c t e d  t o  t h e  l i n e a r  regime4.  I n  p a r t i c u l a r ,  f o r  gases 

and vapors, the  c o n s i d e r a t i o n  were r e s t r i c t e d  t o  the  homogeneous d i s -  

p e r s i o n  i n  which t h e  thermal mot ion  o f  t h e  molecules were n o t  taken i n t o  

c o n s i d e r a t i o n .  Under t h e  i n f l u e n c e  o f  l a s e r  l i g h t  t h e  complex s u s c e p t i -  

b i l i t y  depends on t h e  i n t e n s i t y  o f  t h e  l a s e r  l i n e  and even g i v e s  r i s e  t o  

s e l f  f o c u s i n g  e f f e c t s  as p o i n t e d  o u t  f o r  t h e  f i r s t  t ime  by J a v a n  and 

K e l l e y s .  Other papers appeared s i n c e  then on t h e  d i s p e r s i o n  o f  t h e  r e-  

sonant nonl  i near  suscep t i  b i  l i t y  i n  potass ium vapor 6,  rub id ium vapor 7 , 
e t c .  The f i e l d  o f  s e l f - f o c u s i n g  and s e l f - d e f o c u s i n g  i s  today a  w e l l  es-  

t a b l i s h e d  one s i n c e  t h e  work o f  Chiao, Garmine, Townes8 and K e l  l e y ?  

L a t e l y ,  t h e  genera t ion  o f  r a d i a t i o n  by o p t i c a l  m i x i n g  i n  vapors f i r s t  

achieved by Ward and ~ e w "  brought  t h e  a t t e n t i o n  o f  researchers t o  ano- 

t h e r  aspect o f  o p t i c a l  d i s p e r s i o n  i n  gases and vapors.  For t h e  index 

matching i s  necessary t o  know t h e  behavior  o f  t h e  index o f  r e f r a c t i o n  

o f  t h e  gases t h a t  compose t h e  m i x t u r e .  Our a im i n  t h i s  paper i s  t o  p r e-  

sent  an a n a l y s i s  o f  the  behav io r  o f  t h e  r e a l  index o f  r e f r a c t i o n  o f  ga- 

ses and vapor i n  t h e  r e g i o n  o f  anomalous d i s p e r s i o n  ( a b s c r p t i o n  r e g i o n )  

t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  s a t u r a t i o n  e f f e c t s  o f  t h e  l a s e r  l i g h t  on 

t h e  indexes o f  r e f r a c t i o n ,  t h a t  g i v e  r i s e  t o  s e l f - f o c u s i n g  and se l f -de -  

f o c u s i n  phenomena,as w e l l  as t h e  thermal mot ion  o f  t h e  rnolecules fo r  any 

r e l a t i v e  magnitude between t h e  homogeneous and inhomogeneous a b s o r p t i o n  

l i n e  w i d t h s .  We assume a  s imp le  model f o r  t h e  gas. i . e . ,  we assume t h a t  

t h e  molecules can be considered as two-leve1 systems n e a r l y  r e s o n a n t  

w i t h  t h e  angu la r  f requency wL on t h e  l a s e r  l i n e s .  The rnolecules a r e  as-  

sumed t o  undergo hard c o l l i s i o n s  and i n t e r a c t  w i t h  t h e  quan t i zed  e l e c -  

t romagnet i c  f r e e  f i e l d  i n  space g i v i n g  r i s e  t o  spontaneous emission.The 

processes o f  homogeneous broadening considered above a r e  supposed t o  be 

s t a t i s t i c a l i y  independent. We assume a l s o  t h a t  t h e  l a s e r  a c t i o n  does 



n o t  mod i fy  t h e  Maxwell-Boltzmann e q u i l i b r i a m  d i s t r i b u t i o n  o f  the  v e l o -  

c i t i e s  c f  t h e  molecules.  

c e p t i b  

anal  ys 

I n  s e c t i o n  2, we c a l c u l a t e  the  r e a l  p a r t  o f  the  complex sus- 

i 1 i t y  o f  t h e  gas ( o r  vapor) system t o  be used i n  s e c t i o n s  3 i n  t h e  

i s  o f  n c n l i n e a r  behavior  o f  t h e  index o f  r e f r a c t i o n .  

2. THE REAL PART OF THE COMPLEX NQNLINEAR DOPPLER- 
LORENTZ ELECTRICAL SUSCEPTIBILITY OF THE GAS 
MEDIUM 

As o u t l i n e d  i n  t h e  s e c t i o n  1 ,  we assume t h a t  t h e  m l e c u l e s a r e  

two-leve1 systems near resonant w i t h  a monochrornatic, l i n e a r l y  p o l a r i -  
+ -+ 

zed l a s e r  f i e l d  E = g E ,  cos(w t - 2.r) .  The i n t e r a c t i o n  between t h e  
L 

l a s e r  f i e l d  and t h e  molecuie i s  supposed t o  be taken i n  t h e  l i n e a r  d i -  
A 

pele approx imat ion .  The l i g h t - g a s  i n t e r a c t i o n  h a m i l t o n i a n  i s  then:  V = 
+ + -> 

-u.E, where u i s  t h e  e l e c t r i c  d i p o l e  momento o p e r a t o r  o f  t h e  mo lecu le  
+ 

and E i s  t h e  e l e c t r i c  f i e l d  v e c t o r  o f  t h e  l a s e r  g iven  above. The rnole- 

c u l e s  a r e  assumed t o  undergo hard c o l l i s i o n s  i n  which a l l  phase i n f o r -  

mat ion  i s  l o s t  a f t e r  each c o l l i s i o n .  The molecules a l s o  can emi t  r a d i a -  

t i o n  spontarieousiy. The homogeneous r e l a x a t i o n  t i m e  can be w r i t t e n  ac-  
1 1 1  

c o r d i n g l y  by T = - + -, where T i s  r e l a t e d  t o  t h e  spontaneous emis- 
T~ 'V 

s i o n  processes and T r e l a t e d  t o  t h e  c o l l i s i o n s .  I n  b o t h  cases,the c o r -  
C 

respoi id ing "-r1' i s  t h e  average t ime between 2 s imul taneous c o l l i s i o n s  o r  

spontaneous emiss ions.  These two processes a r e  assumed t o  be s t a t i s t i -  

c a l l y  independent and t o  obey a Poisson t y p e  d i s t r i b u t i o n ,  namely 

Express ion ( I )  i s  t h e  p r o b a b i l i t y  t h a t  a  molecule,  a f t e r  s u r v i v i n g  w i -  

t h o u t  c o l l i s i o n s  (and/or spontaneous decay) f o r  a  t i m e  O ,  s u f f e r  a c o l -  

l i s i o n  (and/or spontaneous decay) i n  t h e  t ime i n t e r v a l  between O and 

8 + de. 

To o b t a i n  t h e  r e a l  p a r t  o f  t h e  complex e l e c t r i c a l  s u s c e p t i b i -  

l i t y  we proceed as f o l l o w s .  We d e s c r i b e  t h e  dynamical behav io r  o f  t h e  

two-l  eve l  system wi  t h  t h e  v e c t o r  model o f  Feynman, Vernon and ~el l .warth' !  



I n  t h i s  f o r m u l a t i o n  t h e  ~ c h r g d i n ~ e r  equa t ion  f o r  t h e  two-leve1 molecule 

can be w r i t t e n  i n  the  form 

+ 
where r descr ibes  t h e  quantum-mechanical s t a t e  o f  t h e  system under t h e  

+ 
p e r t u r b a t i o n  w. For a two-leve1 system o f  energ ies  B and Eb ( E ~  > Eb ) ,  

3 a 
such t h a t  Ea - Eb = h, t h e  wave- funct ion $( r ,  i) =a$ + bQb , where 

a 
$a and $b a r e  t h e  e igens ta tes  o f  t h e  non- per turbated hami 1 t o n i a n  H ,  

H ,  Qa = Ea Oa 

H .  Ob = Eb Ob 

The components o f  the v e c t o r  a r e  d e f  ined by: 

r = ab* + bo* 

- aa* - bb* j r~ - 

where (*) always i n d i c a t e s  complex con juga te .  I n  our  case, s i n c e  t h e  

per tu rbed  h a m i l t o n i a n  f ( t )  i s  g i v e n  by 

+ 
t h e  v e c t o r  w i s  g iven  by i t s  components as: 

where w, i s t h e  resonance f requency o f  t h e  two-leve1 system, V .=<i 1 V I  j> 
i~ 

i s  t h e  m a t r i x  element o f  the  per turbat ion+between t h e  s t a t e s  li> and 
11 .Z  / j >  o f  t h e  two-leve1 system, w- = wL(l - - ) i s  t h e  Doppler s h i f t e d  l a -  
C 



s e r  frequency a long  t h z  d i r e c t i o n  2 o f  t h e  beam propagat ion,  4, i s  a  

phase, and p t 2  = < I  J v J 2 >  i s  a  m a t r i x  element o f  the  d i p o l e  o p e r a t o r .  

I n  o r d e r  t o  s o l v e  f o r  T i n  equa t ion  (2)  under t h e  p e r t u r b a t i o n  

( 3 ) ,  we change t o  a  r o t a t i n g  c o o r d i n a t e  system M t h a t  r o t a t e s  wi  t h  f r e -  
+ 

quency w- around t h e  a x i s  3 i n  t h e  r space. The r o t a t i o n  v e c t o r  i s g i v e n  

by w- = (O,O,w-) and the  r o t a t i o n  m a t r i x  i s :  

cos w - t  

- s i n w t  c o s a - t  

O o 

-+ 
I h e  r o t a t e d  components o f  t h e  v e c t o r w  a r e  g i v e n  i n  t h e  w e l l -  

known r o t a t  i ng wave approx imat  i o n  (RwA) by 

and t h e  equa t ion  o f  mot ion  ( 1 )  i n  t h e  r o t a t i n g  frame by 

where 

equa t 

r;(e= 

t h e  pr ime i n d i c a t e s  t h e  r o t a t e d  q u a n t i t i e s .  S o l v i n g  t h i s  system o f  

ions assuming t h a t  t h e  system i s  i n  i t s  lowest  energy s t a t e s ,  i .e . ,  

0 )= r i (4=0)=0 ,  r;(O)=-1, where 0 = t - t ' ,  and t ' i s  t h e  t ime o f  t h e  l a s t  

c o l l i s i o n  o r  spontaneous decay, we o b t a i n :  



1-1:2 E: ? ' ( e )  = - 1 +- ( 1  - cos R@) ( 5 ~ )  
Pi2a2 

With  t h e  Poisson d i s t r i b u t i o n  ( I ) ,  we may cons ider  t h e  homogeneous ave-  

rage o f  t h e  e x p e c t a t i o n  v a l u e  o f  t h e  e l e c t r i c  d i p o l e  moment o p e r a t o r  u 

induced by an u n i f o r m  p lane  e l e c t r i c  f i e l d  wave 

+ 
f rom which the  component o f  the  p o l a r i z a t i o n  charge d e n s i t y  P c o r r e s-  

+ H 
ponding t o  a c e r t a i n  package o f  molecules w i t h  v e l o c i t y  I? = v . $  can be 

ob ta  i ned by 

where B i s  the  p a r t i c l e  d e n s i t y .  

By the  o t h e r  s ide ,  the  homogeneous complex e l e c t r i c a l  suscep- 
4 

t i b i l  i t y  xH(v) r e l a t e d  t o  a package o f  molecules w i t h  v e l o c i t y  v  i s  

giver:  by 

Using (51,  ( 6 ) ,  (7)  and ( 8 ) ,  we o b t a i n  t h e  r e a l  p a r t  o f  t h e  

complex e l e c t r i c a l  suscept i b i  1 i t y  X' ( v )  as K 

The imaginary p a r t  X i ( ~ )  r e l a t e d  t o  t h e  a b s o r p t i o n  o f  t h e  

l a s e r  wave i n  t h e  med ium was s t u d i e d  i n  another  publ i c a t  i o n  " and does 

n o t  concern us here.  We n o t i c e  t h a t  i n  eq. (9) appear t h e  s a t u r a t i o n  pa- 
V I  nEo 

ranieter s = .- .r t h a t  g i v e s  t o  t h e  so c a l l e d  power b r o a d i n i n g  o f  t h e  

s p e c t r a l  l i n e s .  I n  the  p resen t  work i s  t h e  parameter t h a t  desc r ibes  t h e  



n o n l í n e a r  e f f e c t  o f  t h e  l a s e r  f i e l d  i n  t h e  r e a l  index o f  r e f r a c t i o n  o f  

t h e  gas medium. To o b t a i n  t h e  complex s u s c e p t i b i l i t y  o f  t h e  gas, we ave- 

++ 
rage xH(v) over  a1 1 v e l o c i  t i e s  u s i n g  t h e  Maxwel 1 -Bol tzmann (or gaussian) 

--r2 6' 
d i s t r i b u t i o r i f G ( d ) = . k / f i e  w h e r e 6 = w / c  L v .  S e e n f r o m  

b o r a t o r y  frame t h e  ensemble o f  two-leve1 molecules appears w i t h  

ce f requenc ies  w, + kv, where k = w L / c  The parameter T 
G I S  Ca 

gaussian t ime and i s  r e l a t e d  t o  t h e  f u l l  l i n e  w i d t h  Aw a t  h a l f  
G 

nium s t r e n g t h  o f  t h e  gaussian l i n e  by 

t h e  l a -  

resonan- 

l e d  t h e  

o f  maxi - 

So, t h e  r e a l  p a r t  o f  t h e  inhomogeneous cornplex s u s c e p t i b i l i t y  

t h a t  g i v e s  

-2 
where ~ ( z )  :: (e e r f c  ( - 7 : ~ ) )  i s  t h e  e r r o r  f u n c t i o n  o f  complex 

rnent13. The a r g u m e n t z = z + i y  i s  g i v e n  by :  

(1 0) 

(11) 

a r g u -  

The parameter x i s  t h e  de tun ing  f requency i n  adimensional 

form and y i s  r e l a t e d  t o  t h e  r a t i o  between t h e  s a t u r a t e d  homogeneous 

l i n e w i d t h  Au and t h e  gaussian l i n e w i d t h  
H AwG : 



3. INDEX OF REFRACTION OF A GAS MEDIUM OF TWO-LEVEL 
SYSTEMS INTERACTING WITH A MONOCHROMATIC ELEC- 
TROMAGNETIC WAVE NEAR RESONANCE 

I n  t h i s  s e c t i o n ,  we cons ider  the  behavior  o f  t h e  r e a l  p a r t  o f  

t h e  Doppler- Lorentz  complex suscep t i  b i  1  i t y  xE(wL,w,) (ref.ll) w i t h  t h e  pa- 

rameter o f  t h e  model. I n  p a r t i c u l a r ,  we cons ider  t h e  v a r i a t i o n s  o f  t h e  

index o f  r e f r a c t i o n  o f  t h e  s a t u r a t e d  gas t h a t  g i v e  r i s e  t o  se l f- focus ing 

and s e l f - d e f o c u s i n g  o f  t h e  laserbearn as a consequence o f  s a t u r a t i o n  e f -  

f e c t s .  

I n  the  s imp le  model p rov ided  by t h i s  work f o r  t h e  v a r i a t i o n s  

f o r  t h e  index o f  r e f r a c t i o n  w i t h  the  de tun ing  f requency x, w i t h  t h e  sa- 

t u r a t i o n  c o n d i t i o n s  d e f i n e d  by t h e  s a t u r a t i o n  parameter s, and t h e  r e -  

l a t i o n s h i p  between the  hornogeneous r e l a x a t i o n  processes ( c 0 1  1 i s i o n s ,  

spontaneous emission, e t c . )  and t h e  e f f e c t  o f  t h e  thermal mot ion  o f  t h e  

molecules,  t h e  molecule o r  atom i s  t r e a t e d  as a two-leve1 system i n t e -  
-+ 

r a c t i n g  w i t h  a s ing le- f requency ,  p lane  o p t i c a l  wave E =E0 ~cos(w_t-$,,) 

i n  the  d i p o l e  wave approx imat ion .  The ampl i tudes o f  t h e  o p t i c a l  wave i s  

supposed t o  change negl  i g  i b l  y  between c01 l i s  ions  and Im k (z) << Re k (z) 

where k (2) i s the  complex wave v e c t o r .  The r e a l  p a r t  o f  t h e  suscep t i  - 
b i l i t y  X ' ( U  ,w ) o f  t h e  gas i s  exact  i n  t h e  sense t h a t  i t  i s  v a l i d  t o  G L O  
a11 o r d e r s  i n  p e r t u r b a t  

two pararneters x and y 

p l o t  i t  i n  F i g .  (1)  and 

ves i n  F i g .  (i) a r e  a n t  

o r d i n a t e  a x i s  

on theory .  The f u n c t i o n  xG(wL,w,) depends on 

Using t h e  t a b l e s  o f  Abrarnovich and stegun13, we 

F i g .  ( 2 )  versus x and y ,  r e s p e c t i v e l y .  T h e c u r -  

symet r i c  w i t h  respec t  t o  t h e  o r i g i n  o f  t h e  co-  

" 
o i 2 3 

DETUNING FREQUENCY x =  r (w,- wo) 

Fig.1 - Real pa r t  o f  the nonlinear Gaussian-Lorentzian convoluted sus- 

c e p t i b i l i t y  x;(wL,wO) vs Detuning frequency x = T (w -to,) f o r  variou* 
G  L 

values of the parameters y = T ~ / T  ,G2; d = ~ 1 1 : ~  /h Jn =c. 



s i  nce 

u 
I 2 3 

P A R A M E T E R  Y 

Fig.2 - Real part  o f  the nonlinear Gaussian-Lorentzian convoluted suscep- 

t i b i  l i t y  xA(wL,w,)  VS parameter y = .r$ f o r  various values of 

the detuning frequency x = T ~ ( w ~ - w ~ ) ;  ( X S ) ~  = X;(X, s = O ,  r /.r); T ~ / T = ~ .  C 

I f  t h e  gas medium i s  s a t u r a t e d  by t h e  e lec t romagnet i c  

i t s  cornplex s u s c e p t i b i l i t y  becomes dependent o n  t h e  s t r e n g t h  

f i e l d .  Th is  dependence i n  t h e  imaginary p a r t  o f  t h e  s u s c e p t i b i l  

respons ib le  f o r  t h e  non-exponent ia l  a t t e n u a t i o n  o f  t h e  wave as 

wave, 

o f  t h e  

i t y  i s  

i t p r o-  

pagates through t h e  gas, as we ~ t u d i e d  i t  e lsewere14.  The dependence o f  

r e a l  p a r t  o f  t h e  gas s u s c e p t i b i l i t y  i s  connected w i t h  t h e  dependence o f  

t h e  r e a l  index o f  r e f r a c t i o n  n w i t h  t h e  externa1 f i e l d .  

l'he cornplex index o f  r e f r a c t i o n  n i s  r e l a t e d  t o  t h e  cornplex 
C 

s u s c e p t i b i l i t y  xG by the  express ion  

i n  C . G . S .  u n i t s .  



We assume, f o r  s i m p l i c i t y ,  t h a t  t h e  r e a l  p a r t  o f  t h e  complex i n -  

dex v a r i a t i o n  i s  

T h i s  i s  v a l i d  f o r  d i l u t e  gases, and can be assumed p rov ided  t h e  
4.n c o n d i t i o n  - I X /  << 1 h c l d s  as shown by ~ l e i n ' ~ .  O f  course,  we cou id  work 
3 

t h e  case i n  which t h i s  approx imat ion  i s  n o t  v a l i d  s i n c e  we h a v e t h e  complex 

s u s c e p t i b i l i t y  x o f  t h e  gas o f  two- ieve l  molecules.  G 

As t h e  e lec t romagnet i c  wave propagates through t h e  gas i t  i s  ab- 

sorved and i t s  amp l i tude  changes. T h i s  causes a v a r i a t i o n  o f  :he index o f  

r e f r a c t i o n  o f  t h e  absorb ing  medium a long  t h e  beam path.  

The v a r i a t i o n  o f  t h e  r e a l  index o f  r e f r a c t i o n  n f rom i t s  f i e l d  

independent v a l u e  no i s  

where i s  t h e  f i e l d  independent r e a l  p a r t  o f  t h e  s u s c e p t i b i  I i t y .  These 

v a r i a t i o n s  o f  t h e  index o f  r e f r a c t i o n  can then cause s e l f - f o c u s i n g  o r  s e l f  

W 
I 
C R E L A T I V E  I N T E N S I T Y  I[.?)/ I(O) 
h. 

(in units of  o (0)) 
o G O 2 4 6 8  

Fig.3 - Iricremental variation of the real par: o f  the noni inear  Gaiissian- 

-Lorentz ian  convolut rd  s u s c e p t i b i l i t y  X; - o$, ( i n  u n i t s  of d )  vs.Re- 
iative Intensity I(z)/I(O) (with a(O) = (v:~T~/E~) 8n/c I(0) for var ious  
vaiues of the detuning f  requency x = T (w -w ) ; d = k'u:,/R Jn rG; (x;)~ = 

G L Q  
= x ' ~  h, s=O, T ~ / T )  ; T ~ / T  = i. 



DETUNING FREQUENCY X = rs(o,-o,,) 

F i g . 4  - Incremental v a r i a t i o n  o f t h e  real  p a r t  o f  the nonlinear Gaussian- 

-Lorentzian convoluted suscept ib i l  i t y  X '  - (x:), ( i n  iunits of d) vs. De- G l a  

turiing frequency z = r  (w -wo) ;  r h = I ;  s = 1 . 1 ;  (x') =g(s=O);  d = 
G L G G o 

= llli;,/X fi rG: s = u,,Eo/Z r = Saturat ion Parameter. 

-defocusing o f  t h e  !aser  b e m .  I n  F i g .  ( 3 1 ,  t h e  v a r i a t i o n  o f  t h e  index o f  

r e f r a c t i o n  o f  i:he medium f o r  d i f f e r e ~ t  s a t u r a t i o n  c o r i d i t i o n s  on d i f f e r e n t  

p o i n t s  i n  t h e  b e m  p a t h  i n  t h e  gas i s  shown. The p l o t  i s  made f o r  severa l  

de tun ing  f requency d i f f e r e n c e s .  

We n o t i c e  t h a t  f o r  x>0 (W > w ~ )  t h e  d i f f e r e n c e  XG - ( x G ) ~  i s  po- L 
s i t i v e  imply i r ig  +no, i . e . ,  f o c u s i n g  o f  t h e  beam. T h i s  focus ing  e f f e c t  va-  

r i e s  w i t h  t h e  de tun ing  f requency and reaches a maximum f o r  x = 1.1. T h i s  

i s  c l e a r l y  seeri i n  F i g .  ( 4 ) .  I n  F i g .  (5) severa l  curves a r e  d r a w  f o r  d i f -  

f e r e n t  va lues  o f  t h e  parameter y ,  i .e . ,  For d i f f e r e n t  s a t u r a t i o n  parame- 

t e r s  and d i f f e r e n t  therrnodynamic ( temperature,  pressure,  e t c . )  condi  t ions .  

The f u n c t i o n  X;; - (x;)~ i s  an odd f u n c t i o n  o f  x. T h i s  leads t o  

t h e  rnaximum de focus ing  be ing  symmetric w i t h  respec t  t o  x t o  the  maximum 

focusi r ig .  I f  t h e  medium arnpl i f  i e s  t h e  r a d i a t i o n  ins tead  o f  absorb ing  it, t h e  

s i t u a t i o n  reverses,  F i g .  (5) and F i g .  (6) d i s p l a y  t h e  i n c r e r n e n t a l  r a t i o  

xb - ( x ~ ~ ) ~ / ( ~ G ) ~  as a f i i n c t i o n  o f  s2 and x r e s p e c t i v e l y .  

I  w ish t o  thank Pro fessor  Robert W. H e l l w a r t h  f rom Un 

o f  Southern Cal i f o r n i a  (USA) f o r  many good suggest ions,  d i scuss  

f o r  h i s  con t inuous  concern w i t h  t h i s  work. 
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The f i n a n c i a 1  supporr p rov ided  by Conselho Nacional de Pesqui- 
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RELATIVE INTENSITY I ( 2 )  /I (O) 
(in units of O (0)) 

Fig.5 - incremental Ra t i o  o f  the real. p a r t  o f  the non l inear  Gaussian-Lo- 

r en t z i an  convoiuted suscep t i b i l  i t y  vs. Re la t i ve  I n tens i  t y  I(z)/I(o) ( i n  

u n i t s  of l o ( O ) l - ' )  of  a s t rong monochromatic EM wave (s = 2.8) f o r  va- 

r i ous  vaiues o f  the detun ing frequency x = íG(wL-w,); T ~ / T  - 1; ~ ( 0 )  = 

s 2 ( 0 )  = U i 2 ~ 2 / E 2  8n;c I ( 0 ) ;  (x;), = x l ( s = O ) ;  Saturat ion Parameter s = G 
= UI2EC/7i . 

9 DETUNING FREQUENCY x =  t,, (ol- oo) 

Fig.6 - Incremental Ra t i o  o f  the rea l  p a r t  o f  the non l inear  Gaussian-Lo- 

r en t z i an  convoluted suscept i b i l  i t y  vs. Detuning Frequency s s r&$ - wo)  

f o r  var ious values of the parameter y = rG/r = 1. 
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