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PROBE BEAM AMPLIFICATION V I A  TWO AND FOUR WAVE 
M I X I N G  I N  A KERR-LIKE ( L I Q U I D  CRYSTAL) 

MEDIUM 

I.  C .  Khoo and T.  H .  Liu 

The Pennsylvania  S t a t e  U n i v e r s i t y  
Department of  E l e c t r i c a l  Engineer ing  

U n i v e r s i t y  Park,  PA 16802 

Abstract 

Probe beam a m p l i f i c a t i o n  i n  a Kerr-like medium, e.g.  a 
nemat ic  l i q u i d  c r y s t a l  f i l m  v i a  2-wave mixing is p o s s i b l e  
i f  i t  i s  s t o k e  s h i f t e d  re la t ive t o  t h e  pump beam. We 
r e p o r t  exper iment  o b s e r v a t i o n  of  t h i s  e f f e c t  and 
c o n t r i b u t i o n  from o t h e r  multi-wave mixing e f f e c t s .  

I n t r o d u c t i o n  

Two wave mixings ,  which were observed  as e a r l y  as the  
6 0 ’ s  by s e v e r a l  workers ,  have r e c e i v e d  c o n s i d e r a b l e  renewed 
i n t e r e s t s  r e c e n t l y .  I n  p a r t i c u l a r ,  for p h o t o r e f r a c t i v e  
m a t e r i a l s  where t h e  medium responses  are nonloca l  ( i . e .  t h e  
r e f r a c t i v e  index  g r a t i n g  is s h i f t e d  r e l a t i v e  t o  t h e  
i n t e n s i t y  g r a t i n g  formed by t h e  two i n c i d e n t  l i g h t ) ,  these 
weak beam a m p l i f i c a t i o n  e f f e c t s  have l e d  t o  s e v e r a l  
i n t e r e s t i n g  a p p l i c a t i o n s .  For Kerr-like medium, i .e. 
where there is no phase s h i f t  between these two g r a t i n g s ,  
t h e  g a i n  of t h e  weak beam v i a  two wave mixing p rocess  can 
be achieved  i f  a small f requency  s h i f t  i s  impar ted  on t h e  
weak beam re l a t ive  t o  t h e  s t r o n g  pump beam. A s  ana lyzed  by 
Yehl r e c e n t l y ,  f o r  a Kerr medium, t h e  complex phase  s h i f t  
impar ted  on t h e  r e f r a c t i v e  index  g r a t i n g  is related t o  t h e  
f requency  s h i f t  R by 

4 = - tan- l  QT (1) 

where T is t h e  r e l a x a t i o n  time of  t h e  medium. The 
f r equency  s h i f t  4 a p p e a r s  i n  t h e  coupled wave e q u a t i o n s  f o r  
the ampl i tudes  A 1  and A 2  of  two l a s e r  beams i n  a t y p i c a l  
pump probe exper iment  se t  up. 
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58 1. C. KHOO and T. H. LIU 

2 - i x  
aA1 - - i w  n,n7e - -  

2 2k c az 

2 -i 4 

2kc 

aA2 - - i w  n,n7e - -  
2 az ( 3 )  

where z is t h e  d i r e c t i o n  o f  p ropaga t ion  o f  t h e  wave, k is 
the  p ropaga t ion  c o n s t a n t  a long  z, w is  t h e  f r equency  of  t h e  
l i g h t ,  no is r e f r a c t i v e  index  of t h e  medium i n  t h e  absence  
of o p t i c a l  f i e l d  i n t e r a c t i o n s ,  and n2 is t h e  n o n l i n e a r i t y  
c o e f f i c i e n t .  An e x a c t  s o l u t i o n  o f  equa t ion  ( 2 )  and ( 3 )  
shows t h a t  for $=O, no g a i n  o r  loss  mechanism is p o s s i b l e .  

I n  o u r  expe r imen t ,  the  s t r o n g  and a much'weaker probe 
beams are d e r i v e d  from a l i n e a r l y  p o l a r i z e d  A,+ laser (5145 
A l i n e ) .  The l i q u i d  c r y s t a l  used  is a homet rop ica l ly  
a l i g n e d  PCB (Penty l -cyano-b iphenyl )  nemat ic  f i l m  of 2 0 0 ~  
t h i c k .  The lasers p ropaga te  a t  an  a n g l e  8 r e l a t i v e  t o  t h e  
nemat ic  a x i s .  The f i l m  is  ma in ta ined  a t  room t empera tu re  
(22OC). The c r o s s i n g  a n g l e  between t h e  two lasers are 
v a r i e d  from a b o u t  1/300 t o  r a d i a n s .  Frequency 
s h i f t i n g  of t h e  probe  beam i s  ach ieved  by t r a n s l a t i n g  a 
mirror t h a t  d i rects  t h e  beam t o  t h e  sample a t  a ra te  of one  
o p t i c a l  uave leng th / sec2 .  

F i g u r e s  la-c summarize some o f  t h e  expe r imen ta l  
r e s u l t s ,  o b t a i n e d  f o r  a pump t o  probe beam r a t i o  of abou t  
200: l .  
power is abou t  35mWatt. 

The laser beam s i z e  is abou t  3mm2,  and t h e  pump 

A t  a c r o s s i n g  a n g l e  of 0.007 r a d i a n ,  f o r  example,  one 
n o t e s  t h a t  t h e  probe  beam e x p e r i e n c e s  no g a i n  ( c i r c l e ) .  
When t h e  probe f r equency  is downsh i f t ed ,  t h e r e  is  a g a i n  
( t r i a n g l e ) .  On t h e  o t h e r  hand, i f  t h e  probe  beam is 
f requency  u p s h i f t e d ,  i t  e x p e r i e n c e s  a loss ( s q u a r e ) .  A 
measurement of  t h e  probe  g a i n  a t  t h i s  c r o s s i n g  ang le  a l so  
shows t h a t  t h e  g a i n  is an  i n c r e a s i n g  f u n c t i o n  o f  t h e  pump: 
probe  beam r a t i o  m ,  r e a c h i n g  a " s a t u r a t e d "  va lue  a t  m=100. 

What is i n t e r e s t i n g  abou t  f i g u r e s  l b  is t h a t  a t  
smaller c r o s s i n g  a n g l e ,  t h e  probe  beam e x p e r i e n c e s  a l a r g e  
g a i n  even w i t h o u t  t h e  f r equency  s h i f t .  We a t t r i b u t e  t h i s  
g a i n  as  a r i s i n g  from f o u r  wave mixing p r o c e s s  i n v o l v i n g  t h e  
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PROBE BEAM AMPLIFICATION VIA TWO AND . . . 59 

s c a t t e r i n g  o f  the  pump beam ( i n t o  t h e  probe beam d i r e c t i o n )  
from a g r a t i n g  formed by the pump beam wi th  the  d i f f r a c t e d  
beam on t h e  s i d e  o f  t h e  pump beam. Our expe r imen ta l  r e s u l t  
shows t h a t  i m p a r t i n g  a n e g a t i v e  f requency  s h i f t  t o  t h e  
probe f u r t h e r  enhances t h i s  ga in  w h i l e  a p o s i t i v e  f requency  
s h i f t  causes  loss .  

The o v e r a l l  dependence o f  t h e  g a i n  on t h e  wave mixing 
ang le -  is a l s o  c o n s i s t e n t  w i t h  our earl ier t h e o r y  and 
o b s e r v a t i o n  tha t  i n c r e a s i n g  t h e  wave mixing a n g l e ,  i .e. 
smaller g r a t i n g  c o n s t a n t  w i l l  d imin i sh  t h e  molecular  
r e o r i e n t a t i o n a l  response$ .  
molecules  s i t u a t e d  a t  t h e  i n t e n s i t y  minima w i l l  create 
to rques  on molecules  a t  t h e  i n t e n s i t y  maxima t h a t  r e o r i e n t  
w i t h  r e s p e c t  t o  t h e  f i e l d .  Maximal r e sponse  is ob ta ined  
f o r  g r a t i n g  c o n s t a n t  on t h e  o rde r  o f ,  or l a r g e r  t h a n  t h e  
nemat ic  f i l m  t h i c k n e s s .  

This  is due t o  t h e  f a c t  t h a t  

A complete d e t a i l e d  account  of  t h e  t h e o r y  and 
exper iments  w i l l  be p re sen ted  i n  a l o n g e r  a r t i c l e  
e l sewhere .  

T h i s  r e s e a r c h  is suppor ted  by a g r a n t  from t h e  
Na t iona l  Sc ience  Foundat ion  ECS8415387 and i n  p a r t  by t h e  
A i r  Force Office of  S c i e n t i f i c  Research AFOSR840375. 

References  

1. P. Yeh, JOSA BZ, 747 (1986). 

2. J. P. Huignard,  H. Rajbenbach, Ph. Re f reg ie r  and L. 
Solymar, Opt. Eng. 2, 586 (1985).  

3. I. C. Khoo, Phys. Rev. - A27, 2747 (1983). 

Figures  

F igu re  l a  Tr i ang le s :  observed probe beam g a i n  as a 
f u n c t i o n  of t h e  wave mixing a n g l e  when 
f r equency  downshi f ted .  

F igu re  l b  Same as l a ,  b u t  no f requency  s h i f t .  

F igu re  l c  With p o s i t i v e  probe beam f requency  s h i f t .  
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