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STEADY STATE STIMULATED SCATTEEING BY THE 
GRATING NONLINEARITY IM NLC 

I.V.COOSE7, V.A.KRIVOSCHEKOV, B.YA.ZEL'DOVICH 
Nonlinear Optics Laboratory, Tei:hni.cal University, 
Chelyablnsk, USSR 
(Received October 4, 1991) 

Abstract The forward stimulated U --E scatteriix with 
llcation of wave front in nematic l iquid 

the crysta 5CB was observed f o r  x=0.63pm radiation with 
very low intensity, 
short- yerlod (3pm) gatlngs of director and therefore 
the frequency shift was 30Hz, buildup time 
was 0.04 seconds. 
The hie, third-order nonllnearity In nematic liquid 

crj7stal (NLC) is connected with the reorientation of its 
directijr by the laser radiation. Moreover the nature of 
thls reorientation can be conventionally attributed to two 

0.03W. The scattering was due to 

types: quaslhomogeneous and gating. 
In this report we discuss the second part. Consider 

the simul taneous co-prupogat ion of ijrdinarg and 
extraordinm?y waves which are mutually coherent and are 
propagatlng perpendicular to the director n in the planar 
NLC cell. Then the polarization of the sunmary field E in 
NLC will be charged periodlcally in the medium: 

in that situation the director distribution is 

n(z,t)L ex t e(z,t)e, ( 2  j 
Where 8 Is the angle between n and e In such a 

scheme the dielectric susceptibility tensor asquires the 
nondiagmal addition which was periodical f o r  z and leads 
t o  rescattering of 0- and E-waves Into each other. 
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That r e su l t s  i n  the ampllflcatlon a wave wi th  one 
polarization a t  the expense of the wave w i t h  another one by 
that mechanism. The weak m p l i f l e d  zlgnal may be produced 
e i ther  by external source o r  bj: spontaneous scat ter ing of 
the pump wave. 

The equation f o r  the NLC-director In linearized 
approximation has the form 

Where I ql- (O/C (n,-no I i:: the waw 7ec tor  of  director  
grating which is vrrltten i n  the volume o r  NLC, L a e O  =n2-n2 IS 
die lec t r ic  anlsntropy of NIX on the opt ical  frequency LS, 

--i*? is  the frequency shift between pump and scat ter ing 
wave, K,, is the F r a n k  constant, rl i s  the orientatlonal 
vlscoslty . 

0 2  

In the steady s t a t e  

where rrI<z3q2/tj is the relaxation constant o r  tlie $j-ating. 
Therefl-)rtl! the shortened equat Ions f o r  the signal m the 
e-polarization hare the form [ I  1 : 

-. 

Here the gain coefficient Q (cm-' , by inter is i ty) ,  I; Is 
the gain constant a t  the point ri=r, 6k is  correct lca  to  the 
wave of s ignal ,  which describes the mutual focusing. r; has 
the dimension cm/W i f  the power density of the wave lEI2 
had the dlmension W / c m  . 

T i 1 1  n o w  only nonstatlonary stlmulated sca t t e r l rg  (SS 1 
was reBliZed with the IXE clf pulsed mbg l a se r  radiation 
CZ1. The steaily-state SS was real lspd in  the geometry of 
small angle between the d l rec tor  and pump wave vector {the 
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S W Y  STATE SS BY THE GRATING NOW- IN Nu: 99 

gomeotropic orlentation or  director)  and f o r  ra ther  hight 
power of cw argon laser  radiation [3J. That defined tho 
cornpi-atlvelg large director 's  deformation period. 

In our report there Is the oxyerlmental real izat lon of 
steady-state SS of ordinary wave Into extraordinary m e  due 
t o  grating nonlinearity in  NLC. 

The linearly polarized radiat  ion from He-Ne h s e r  
( ~ 4 . G 3  ,urn) wlth power up t o  50mW was directed to  .lmm thick 
pl,mar ce l l  with 5CB crystal .  That pump coi-rqgmled to  
ilrrdina-y wave f o r  such c e l l .  We have abserved the 
w ibe-awl e 1 lnear t hermcdynm ha1 1 j r  equal lbr lum s ca t t er ing 
from 0- to E-wave ("15 + 20%). Beside that ,  we h v e  
observed the nonlinear stimulated scat ter ing w l t h  the 
ti-reshold pump pwer  Po? 5mW. The diameter (FWe-'M) of the 
focal waist of laser  bem in  NLC-cell wa3 21Ga '--' 1gpm, i ts  
length .AZ(FWHM) = 2(an /c)a2 A' 'i00pm was completely inslde 
the ce l l .  

The bights nonllnear conwrslon coefflcient R from 0- 
to E-wave was .-,50%. The frequency s h l l t  between pimy and 
sizattered wave was measured by two methods. 

In the f irst  One the polarlzer wa3 placed a t  the exi t  
of  the c e l l  a t  the 45' angle to the scattered wave 
polarization. T h a t  permlted to  observe the Interference 
between the pump and acat tered wave. These interference 
beats were registed with the help of an ~xxl l loscope .  The 
beats period depended on the frequency shift n. The 
Fowler-transform and correlation function of those 
o s c i l l o g m s  were calculated. The analysis of those data 
allowed to  estlmate the frequency s h l f t  ni2n 25H2. 

In the second method the spectral  prof i le  of the weak 
signal galn was registed. With the help of the sawt~mth 
generator and the piemmirror the frequency of the signal 
to tje ampllfled was shif ted from -60 to +fiOHz. 

The maximum of the signal wave gain wa3 a t  the Stokes 
frequencg shift i-2 = ,A - w = 44-5Hz. The theoret,l!:al 

estimation of the optimum signal frequency s h i f t  Is n = r -: 
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2 = KZ2q /TI = Zn(27Hz) f o r  5CB ( fo r  t = 20°C). Here 
K,,=5.10-7dyne, li 1 .?Poise, q l y  2 -  104crn-' (tl-Le grating 

period A = m / q  -3pm). It can be seen that the resu l t s  of 
both methods are in  a good agreement with the theory. 

The 3lngle-pass galn of signal intensi ty  is determlned 
by the factor  eXp(Jgefidzj. One should a130 take Into 
account the transverse overlapping of Gaussian bems of the 
pump and Stokes wave. Finally we get 

where Po(W) i s  pump power; c and hO are speed of light and 
wavelength i n  vacuum. 

wien the polarization of illuminating wave was 4 9 ,  
i . e .  had the same frequency and inten3ity a t  the input of 
the NLC-cell, %he mutual f ~ c u s i n g  !cross-focusing;) was 
observed. 

In conclusion. we have observed the SS at very short 
length, 5 lm, w i t h  unwual ly  ( f o r  L C j  large frequency 
shift, rii2rr 25Hs and spa t i a l  loca l i ty ,  l / q  ,v U . 5 ~ m  w i t h  
very low threshold power, 5 -  1 0-3W. 

T h i s  w i l l  allow to  amplify wide angle signals,  A:Es n. 

na/n 0.12 rarllans, wi th  re la t ive ly  quick responce. 
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