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GRATING ORIENTATIONAL NONLINEARITY: UTILIZATION 
IN OPTICAL FEEDBACK ARRANGZXENTS 

ANDFEY V.SUHH0V and RATKR V.TIMASHEV 
Institute f o r  Problems in Meohanios, Mosoow, USSR 

(Received October 10, 1991) 

Abstract Operation of passive ring m i r r o r  and double- 
conjugation soheme utilizing orientational nonlinearity of 
nematio liquid oryetal is investigated theoretically and 
experiment ally. 

INTRODUCTION 
It is well known (see, e.g., ‘ ) that high values of orien- 
tational grating nonlinearity of nematios (CRON) enables 
one to manage nonlinear optioal prooeesing of low-power 

2 beams, such as millisecond pulses of 6olid state lasers 
and CW argon-ion lasers radiation,- holuding optical pha- 
se conjugation and self-~onjugation~. Nevertheless there 
is some problem as far  as self-oonjugation via stimulated 
backsoattering is considered 3. The matter is that f o r  
high enough quality of suoh conjugation one needs inter- 
action length (i.e. sample thiokness) exceeding the Fres- 
nel length of pump radiation at least by a factor of 5 .  
T a k i n g  into aooount typioal sample thickness of about 1 0 0  
pa, this requirement is practioally never satisfied, thus 
leading to a poor quality of conjugation 

There is however a w a y  of avoiding suoh difficulties. 
It lies in utilinntion of variolls optioal feedback arran- 
gements, the simplest representaive of those being so cal- 
led passive ring mirror 4 * 5 .  In such oase the requirement 
mentioned above for  pump Fresnel length is a great deal 
softened: the latter must not exceed only the external 
feedbaok circuit length (several om at least),and one can 
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230 A. V. SUKHOV AND R. V. TIMASHEV 

obtain, in prhoiple, high enough quality of oonjugation. 

ments utilizing GRON are oomidered in this paper. 
'Ilhe possibilities for realization of suoh arrange- 

GECMEPRY OF INTERACllION 
Let's consider a typical geometry of interaction for feed- 
back arrangement mentioned above (Fig. 1 ) . 

k. 

FIGURE 1. Geometry of interaotion 
!l!wo pump beams A and B whioh we oonsider as nondepleted, 
penetrate a nematio sample nearly oounterwards to eaoh 
other. Each wave undergoes stimulated orientational for- 
ward scattering (SSI2, the waves C and D being originated, 
polarizations of those being orthogonal to A and B respec- 
tively due to the SS properties2. 

m e  oase of interest is when soattering of wave A 
into C and B into D utilize the same (or nearly the same, 
see further) orientational grating Qac%D, 60 that the 
shortened Helmholtz equations for C and D become coupled. 
In case of birefringent media this requires a oertah oom- 
bhation of waves' polarizations (see Fig.lb). Namely if A 
is of e-type then D is of e-type also, while D and C are 
both o-polarized. 

In such oase of two soatterings utilizing the same 
grating an absolute instability of C and D magnitudes o m  
take place after exoeeding some threshold plunr, intensity, 
whioh was broadly disoussed fo r  photorefractive orystals 
(see, e.g. ,4-8) .  The 0a6e of GRON however differs a great 
deal from photorefraotives due to differenoe in real and 
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GRATING ORJENTATIONAL NO- 23 1 

imaginary parts of effective susceptibilities for those 

two mechanisms. 
If the waves A and B are originated independently, 

the arrangement in Fig.? is oalled double-side oonjugate 
mirror. On the other hand, one oan introduce optioal feed- 
baok, utilizing wave A, transmitted through the sample, to 
oreate B. Then the waves C and D are also coupled by the 
same feedbaok oircuit (its amplitude tmmittanoe being 
5) and suoh arrangement is usually rerered 
ring mirror. 

BASIC EQUATIONS 
The system of equations for desoription of 

to as passive 

four  wave mix- 
ing mentioned above consists of two shortened Helmholtz 
equations f o r  slow amplitudes of C and D - and two varia- 
tional equations ' for oomplex amplitudes of the gratings: 

Here amplitudes of the proper waves are oalibrated as 
outside the medium, 0, are proportional to the oomplex 
magnitudes of the proper angular deviation of the direotor 
Bo : 9 ,= 27cEaB0 / h  ( nlnu ) "2 ; + ~ ~ ~ / l  67cAn1nl - ef f eo t ive 
oonstant of transient GRON (see2). stan& fo r  dieleo- 
trio tensor anisotropy, r)- orientational visoositg, h- 
wavelength of the radiation. As fo r  'Tt, those are relaxa- 
tion times of proper gratings, TCq/KQ,'. Here K is Frank- 
constant (the unioomtantional approximation is used), Q, 
it3 the proper grating wave number (see FQ.1). At last, 
AK=QBD-QAc=ka+kD-%-kc is the two gratings' wave mismat- 
oh-. 

From (1 ) it oan readily be seen that f o r  true coup- 
ling one needs IhKm=O, otherwise two terns in the right 
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232 A. V. SUKHOV AND R. V. TIMASHEV 

side will produoe two different waves outside the medium. 
Ae to boundarg and initial oonditions, in oase of 

passive ring mirror, whioh is our experimental point of 
interest, they are following: 

c a , t  ) = w t  1; D(o,t )=cc(o, t ); e, (z,o)=eo,(5) (2) 

C(L, t)=O; D(O,t)=O; Bt(z,0)'Bat (a)  (3 1 

a being some surfaoial mattering souroe. In oase of dou- 
ble-side oonjugate mirror it is more convinient to take 

The solution of (1,2) or (1,3) depends sufficiently 
upon pump pulse duration 't Let's consider two opposite 
cases: i) TPa TAc,BD; ii) 7 - 00 (CW radiation) 

P* 
P 

TRANSIENT RESPONSE 

So we let 7; 9: %Ac,aD and relaxation terms in the left side 
of material equations ( 1 )  oan be omitted. We also let 
9oC(z)=0 in order not to overoomplioate the formulae. MOIL 
eover, we oonsider only the 0-8 of untilted baoksoatter- 
ing wave D: p=O (see Fig.l) ,  i.e. &O, whioh oorrespond 
t o  experimental obsemathn . m e n  htroduohg s=D(z,t)/ 
/A(t ) and taking temporal Laplace image of E q s .  (1.2) f o r  
passive ring mimr,- one can easily obtain following ex- 
prerssion for Laplace image of s: 

P 

9 

N exp(-CZ(l-R)z/p) - 2/(1tR) 
(P )=- (aS/p) (4) 

exp(-CZ(l-R)L/p) - 2/R(I+R) 
After some more o r  less oomplicated mathematioal transfor- 
mations final expression f o r  the reflectivity of suoh 
transient passive ring mirror will be following: 

2R ?/2,2 1tR 00 

RNL=(s(L,v) I2=a2R11- 2 rR (R~)?~(~(C~(~-R)V) 
t (5 1 

v= aetJ (A(tf)I2dtf 
0 

Here I. denotes Bessel function of imaginary argument. 
Results of numerioal oalculatiom for p/a2(v) are pre- 
sented in Fig.2a) for  various values of feedbaok constant 
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4 
6 -  

5 -  

4 -  

3 -  

2 -  

R. It should be noted that despite of rather oomplioated 
form, expression (5) reveals quite obvious pbysioal mean- 
ing: eaoh term in the right side is a result of n-fold 
transient SS in some oavitg, losses in whioh are determin- 
ed by R. 

. .  . . 
0 

R=O .6 . 4 -  

I R=O .4 3 -  
. 

2 -  

1 -  

R=O .2 

. 

0 
(lo2) 

0 

e0 
mo 

0 
0 

I I I I I *.. 

1 2 3 4 5 I ' 10 30 50 Q mJ 

FIGURE 2 Refleotivity of transient passive 

ring m i r r o r .  

The results above were verified experimentallyg for the 
oase of 1-ms duration free running ruby laser pulse 
( ~ ~ w 3 ~ 5 m s ) .  Passive ring m i r r o r  was arranged using 70 pm 
thiokness planarly aligned 5CB sample. Beams A and B, in- 
terseoting at u0430, were fouused, forming focal waists 
within the sample of 1679,lm in diameter. Experimental re- 
sults for R~~ vs current value of pump exposition Q (see 
( 5 ) )  is presented in Fig.2b). For RwO.2, whioh was the 
experimental value, experimental results coinside well 
enough with numerioal oaloulations. Rather high (N.5) 
quality of oonjugation (i.e. ratio of the conjugated com- 
ponent power and the total retrorefleotred power) was ob- 
tained when the angular divergenoe of the pump beams was 
spoiled by a faotor of 5 using an aberrator, - so that the 
pump Fresnel length beoame twioe shorter than the feedbaok 
circuit length. 
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234 A. V. SUKHOV AND R. V. TIMASHEV 

CW PUMP RESPONSE 

In this case it is more convenient to take a=O, 
whioh in faot is the real oaee. m e n  system (1,2) or  (1,3) 
allows exponential temporal solution: Bc,C,D exp(pt), p. 
maybe having imaginary part oorresponding to Stokes fre- 
quenoy shift of C,D with reepeot to A,B. For the sake of 
simplicity we allow Zac=ZBD='to which requires lAK~alQt~. 
This oondition is really satisfied unless is too large. 
Substituting C=Uexp(AKz)/C, e=z/L into (1,2,3) we obtain 
following system, quite analogous to 7: 

QotfO,  

dD/de= tr(U + RD) r=ro/ (1 +v, + cv (6  1 
dU/dc=-tr(U + RD) +tQU 

Here Q is wave mismatohing Q=&; r0= ~ I ~ , L ) A ( ~  is the bo- 
rement for SS 8-4; v,=ZoRe p, v='coIm p. Boundary  oonditi- 
o m  for passive ring m i r r o r  and double-side conjugate mix- 
ror are ( 7 )  and ( 8 )  correspondently: 

U(l )=O; D(O)=U(O) (7 1 

U(l )=O; D(O)=O (8 1 
Both problems ( 6 , 7 )  and ( 6 , 8 )  are typical problems of pa- 
rametrio instability, and instability thresholds are found 
from proper seoular equations with additional requirement 
Yl=O. Those equations for ring mirror and double- 
conjugator are following: 

RQ-~R(I-R)-~R(~~-~L~ )-ch, 

2 RQ-1% (1 -R ) - tR (h2-h ) - ch 

rR+ th ,  

+% 

exp (k2-hr )= 

exp(h2-h1 I=  lR 

=-0.5t{Qt(l-R)r T (r2(1-R)2+2r(l+R)Q+Q 2 ) 1/2) 
,2 

These equations allow analytical solution only in two ca- 
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GRATJNG ORIENTATIONAL NONLINEARITY 235 

ses: i)Q=O, that mean untilted signal wave13 - and ii) 
ImI'=O =$ V=O, i.e. unehifted signal waves' frequenoies. For 
Q=O we imnediately obtain (1 1 ) and (12) for ring mirror 
and double-conjugator respectively. 

Vn= ln((l+R)/2R)/2m; ron=27Cn# l+ln2( - (1+R)/2R)/48n2; (11 ) 

Y ~ = ~ ~ w ~ K I I ;  rOn=m i +b2w48nZ -R ; n=7,2. .. (12) 

For v=O solution for double-oonjugator is absent, while 
for passive ring mirror: 

l-R)(l+R) 2 1 7 l Z ' ;  r =--{( l - R p  (1+2R)211/2(13) 
on 4+1 2R+9R2-3R3 

Qn=-nslC ( 
4+1 2R+9R2-3R3 

As double-conjugator was considered in detail 
elsewhere798, we'll examine only passive ring mirror. It 
is obvious that in real experimental situation one will 
obtain D wave with Q and 2, corresponding to the lowest 
threshold value roo Lowest branohes of (1 1,13) for ream- 
nable value R=0.2 give roe  fo r  Q=O and rowl for -0. The 
latter is no doubt preferable, but then 4 ~ 3 ,  whioh requi- 
res a o w e 4 .  1 rad for typioal L, E, , I. Suoh high values of 
interseotion and tilting angles are very hard to realize 
experimentally using a strongly foowed CW radiation by 
several reasons, Among those are problems of overlapping 
pump beam within the sample, failure of the feedbaok oir- 
ouit by large values of 

For neither Q nor Y being zero only numerioal soluti- 
on of (9) is possible, Results of suoh solution are prese- 
nted in Fig .3 .  

eto. 
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- 6  

- 4  

2 

Q 

-2 - 

R d . 2  

I I I I 

+ 

I I I I t 
-1 0 -a -4 -4 -2 0 

FIGURE 3 Dependense of Po upon Q. 

It can be seen, that the optimal pair of (Q,V) lies some- 
where nearby (-3,O) being thus praotioallg not observable 

3-5 { 
4.5 

wD 
wA 

‘In - 

+ 

+ 

t 

FIGURE 4 
experiment ally. 

Yet an attempt was made to observe the ring mirror 
signal from 100 pm-thick planar 5CB sample - using coun- 
terpropagating pump waves A and B of 0- and e- 
polarizations correspondently (CW argon ion laser radiati- 
on) focwed into w2Opm-diameter spots within the sample. 
Fig. 4 shows the experimental dependense of baokscattered 
e-wave power WDupon pump one WA. 

It oan readily be seen that the curve is a typical 
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GRATING ORENTATIONAL NO- 237 

SS-type one, achieving saturation at WA values correspon- 
ding to r 0 w 4 .  Although the (Q=O) threshold Po was exoeed- 
ed, we didn't observe any threshold.-like anomalies at such 
values of WA, perhaps due to strong pump depletion via SS. 

So it is preferable perhaps for CW pump case to uti- 
lize double-side conjugator, which do not require feedback 

7 oirouit, although having twice higher optimal threshold 
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