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EXPERIMENTAL AND THEORETICAL ANALYSIS OF INTRINSIC 
OPTICAL TRANSISTOR ACTION I N  HOMEOTROPICALLY ALIGNED 
NEMATIC CRYSTAL FILMS 

ENRICO SANTAMATO, ANTONIO SASSO, RICCARDO BRUZZESE, 
ROSARIO CALASELICE, and PASQUALINO MADDALENA 
Dipartimento d i  F.N.S.M.F.A., Pad.20 Mostra d ' o l t r emare  
80125 Napoli ,  I t a l y  

Abstract  In  t h i s  work w e  r e p o r t  t h e  f i r s t  observat ion 
of i n t r i n s i c  o p t i c a l  t r a n s i s t o r  a c t i o n  i n  a homeotropi- 
c a l l y  a l i g n e d  nematic l i q u i d  c r y s t a l  f i l m .  The t r a n s i -  
s t o r  a c t i o n  i s  produced by t h e  sample i n t r i n s i c  o p t i c a l  
n o n l i n e a r i t i e s ,  so t h a t  no e x t e r n a l  feed-back mechanism 
(e .g .  a Fabry-Perot r e sona to r )  i s  necessary.  We a l s o  
p re sen t  a t h e o r e t i c a l  a n a l y s i s  of t h e  problem i n  two 
d i f f e r e n t  approximations: a l i n e a r ,  time-dependent ap- 
proach, and a s t a t i o n a r y  non l i n e a r  a n a l y s i s .  The theo- 
r e t i c a l  r e s u l t s  show t o  be i n  good agreement wi th  our 
measurements. 

INTRODUCTION - 

I n  r e c e n t  y e a r s ,  t he  p o s s i b i  i t y  of c o n s t r u c t i n g  non l inea r  

o p t i c a l  devices  based on the  opt ical-f ie ld- induced r e f r a c -  

t i v e  indeces (An) has  a t t r a c t e d  a g r e a t  d e a l  of a t t e n t i o n .  

I t  i s  o f t e n  most appeal ing i f  such devices  would work wi th  

c w  l a s e r  beams. This r e q u i r e s  a n o n l i n e a r  medium with an 

extremely l a r g e  n o n l i n e a r i t y .  Several  such media have recen- 

t l y  been discovered.  In  p a r t i c u l a r ,  r e c e n t  s t u d i e s  have 

demonstrated e x t r a o r d i n a r i l y  l a r g e  o p t i c a l  n o n l i n e a r i t y  of 

nematic l i q u i d  c r y s t a l  a r i s i n g  from the o p t i c a l l y  induced 

r e o r i e n t a t i o n  of t he  molecular d i r e c t o r  a x i s .  The non- 
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68 E. SANTAMATO ef d. 

l i n e a r i t y  h a s  been shown t o  be s e v e r a l  o r d e r s  of magnitude 

l a r g e r  than  t h a t  e x h i b i t e d  by a t y p i c a l  a n i s o t r o p i c  l i q u i d  

l i k e  CS and i s  i n  t h e  same o r d e r  of magnitude as those  ob- 

se rved  i s  some n o n l i n e a r  p h o t o r e f r a c t i v e  c r y s t a l s  ( e .g .  

BaTiO ) o r  semiconductors.  

2 

4 
I n  t h i s  paper  we r e p o r t  bo th  f u l l  exper imenta l  a n a l y s i s  

and t h e o r e t i c a l  d e s c r i p t i o n  of t h e  i n t r i n s i c  o p t i c a l  t r an -  

s i s t o r  a c t i o n  i n  a homeot ropica l ly  a l i g n e d  nematic l i q u i d  

c r y s t a l  f i l m ,  which w e  have r e c e n t l y  observed. Op t i ca l  

t r a n s i s t o r  a c t i o n  h e r e  r e f e r s  t o  t h e  t r a n s f e r  of a s i g n a l  

c a r r i e d  by a low-power beam t o  a high-power beam, when t h e  

two i n t e r a c t  i n  a medium. I n  o u r  exper iment ,  t h i s  w a s  ach ie -  

ved by t h e  i n t e r a c t i o n  of two l i n e a r l y  p o l a r i z e d  laser 

7 

beams i n  a homeo t rop ica l ly  a l i g n e d  nematic f i l m .  The b a s i c  

i d e a  i s  a s  f o l l o w i n g .  Consider a s t r o n g  beam and a weak beam 

impinging c o n c u r r e n t l y  on t h e  f i l m  a t  normal and o b l i q u e  

inc idence ,  r e s p e c t i v e l y .  Both are p o l a r i z e d  i n  t h e  p l a n e  of 

i nc idence .  With t h e  s t r o n g  beam a lone ,  no  molecular  r e o r i e n -  

t a t i o n  can  be induced  i n  t h a  sample i f  t h e  beam i n t e n s i t y  

i s  below t h r e s h o l d  f o r  o p t i c a l  F reede r i cksz  t r a n s i t i o n .  

I n  t h e  presence  of t h e  weak beam, however, t h e  t h r e s h o l d  no  

longe r  e x k s f s ,  and t h e  r e s u l t a n t  molecular  r e o r i e n t a t i o n  

induced by t h e  beams can produce a l o c a l h n  and l e a d  t o  a 

phase s h i f t  i n  t h e  s t r o n g  beam, which can  be  conver ted  i n t o  

an  i n t e n s i t y  change of t h e  s t r o n g  beam. An ampl i tude  modu- 

l a t i o n  of t h e  weak beam can  g i v e  r i se  t o  a cor responding  

ampl i f i edmodu la t ion  of t h e  s t r o n g  beam. Power g a i n  of t h e  

8 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
48

 1
9 

Fe
br

ua
ry

 2
01

3 



INTRINSIC OPTICAL TRANSITOR ACTION ... 69 

order  of t e n  have been obtained.  

We a l s o  r e p o r t  a t h e o r e t i c a l  d e s c r i p t i o n  of t h e  o p t i c a l  

t r a n s i s t o r  a c t i o n  i n  a nematic l i q u i d  c r y s t a l ,  which i s  ba- 

sed on a plane wave theory of t he  laser beam i n t e r a c t i n g  

with t h e  sample. The numerical  r e s u l t s o b t a i n e d  by us ing  the  

above model show a very good agreement with our experimen- 

t a l  obse rva t ions .  

The o rgan iza t ion  of t h i s  paper i s  a s  fol lows.  I n  sec- 

t i o n  I1 w e  r e p o r t  t h e  d e s c r i p t i o n  of t h e  experimental  set- 

up and of t he  experimental .  r e s u l t s .  Sect ion I11 c o n t a i n s  

t h e  gene ra l  theory of t h e  non l inea r  i n t e r a c t i o n  between an 

electromagnet ic  p l ane  wave and a nematic l i q u i d  c r y s t a l .  

F i n a l l y ,  i n  t h e  l a s t  two s e c t i o n s  w e  develop t h e  theory of 

t h e  s e c t i o n  I11 i n  two d i f f e r e n t  s i t u a t i o n s :  a l i n e a r ,  time- 

dependent approach, and a complete, s t a t i o n a r y  a n a l y s i s .  

1I.EXPERIMENTAL SETUP AND RESULTS 

The expe r imen ta l  arrangement i s  shown i n  Figure 1 .  A cw Ar 

l a s e r  beam ope ra t ing  a t  514.5 nm w a s  s p l i t  i n t o  a s t r o n g  

beam (dOmW) and a weak beam (=lmW). The s t r o n g  one ( I  )was 

normally i n c i d e n t ,  and t h e  weak one ( I  ) was nea r  t h e  Brew- 

s ter ang le  ( ~ 4 2 " )  on a homeotropically a l igned  5CB nematic 

f i l m  60um th i ck .  The power of t h e  weak beam cou ld  be v a r i e d  

by us ing  a v a r i a b l e  a t t e n u a t o r .  The beams were focused (with 

a f o c a l  l e n g t h  of 25cm) t o  a spot  of = 3x10 cm and p rope r ly  

a l igned  t o  ensure an  accu ra t e  overlapping of t h e  two beams 

i n  t h e  sample. The alignement was checked by obse rv ing  t h e  

+ 

0 

1 

-5 2 
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70 E. SANTAMATO et al. 

FIGURE 1 .  Experimental  l ayou t :  M's, m i r r o r s ;  L ' s ,  
l e n s e s ;  BS, beam s p l i t t e r ;  VA, v a r i a b l e  a t t e n u a t o r ;  
P ,  p o l a r i z e r ;  C ,  l i q u i d  c r y s t a l  c e l l ;  D ,  diaphragm; 
PD, photodiode; ( X ,  t )  , (x ,  t )  r eco rde r .  

f a r - f i e l d  r i n g  p a t t e r n s  induced by the  s p a t i a l  phase modula- 

t i o n  on boeh beams. 6 7 8  Both beams were p o l a r i z e d  i n  t h e  plane 

of i nc idence .  The beam powers w e r e  chosen so t h a t  

I < < I d 1  = A x 1  ( 1 )  
1 0 t h  F r  

2 
( ~ 1 . 8  KWJcm ) i s  the  Freedericksz th re sho ld  f o r  where I 

Fr 
home o t r o p 

the  focus  

c a l ignment ,  and A t h e  l a s e r  beam c r o s s  s e c t i o n  i n  

Since I < I no molecular r e o r i e n t a t i o n  i n  t h e  sam-  

l e  took p l a c e  when I = 0 ,  and no f ie ld- induced phase s h i f t  

appeared on the  s t r o n g  beam. For I # 0, however, a s m a l l  

molecular r e o r i e n t a t i o n  w a s  i n i t i a l l y  s t a r t e d  by t h e  weak 

beam. A s  soon as  t h e  moPenular r e o r i e n t a t i o n  set  i n ,  t h e  

s t r o n g  beam a l s o  become o p e r a t i v e  i n  r e o r i e n t i n g  t h e  mole- 

c u l e s .  The two beams t h e n  c o o p e r a t i v e l y  drove t h e  molecular 

0 t h '  

1 

1 
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INTRINSIC OPTICAL TRANSITOR ACTION . . . 71 

r e o r i e n t a t i o n  toward t h e  f i n a l  e q u i l i b r i u m  c o n f i g u r a t i o n .  

This  l e a d  t o  a s p a t i a l l y  va ry ing  o p t i c a l  b i r e f r i n g e n c e  in t h e  

medium and hence t o  a s p a t i a l  modulation on t h e  beams. We 

noted  t h a t  t he  f a r - f i e l d  r i n g  p a t t e r n  of the t r a n s m i t t e d  st- 

rong beam had a s e n s i t i v e  dependence on t h e  weak beam in t en -  

s i t y .  A s  many a s  30 r i n g s  (cor responding  t o  a phase s h i f t  of 

-6Oq) wi th  a 20" a n g u l a r  spread  were induced by 1mW i n  t h e  

weak beam. Thus, t h e  s t r o n g  beam could  be  phase  modulated by 

an i n t e n s i t y  v a r i a t i o n  of t h e  weak beam. This  modulation be- 

came more e f f e c t i v e  as I approached t h e  F reede r i cksz  t h r e -  

shold  i n t e n s i t y  I . For I > I however, t h e  weak beam 

had only  a n e g l i g i b l e  i n f l u e n c e  on t h e  s e l f - p h a s e  modula- 

t i o n  on t h e  s t r o n g  beam. 

0 

F r  0 t h '  

In o rde r  t o  o b t a i n  t h e  o p t i c a l  t r a n s i s t o r  a c t i o n ,  t h e  

phase modula t ion  on t h e  s t r o n g  beam should  b e  conver ted  i n  

t o  an i n t e n s i t y  modulation. We used t h e  fo l lowing  scheme. 

A diaphragm, approximate ly  t h e  s i z e  of t h e  i n p u t  s t r o n g  

beam, was p l aced  about 20cm beyond t h e  sample, and t h e  beam 

pass ing  through i t  was de tec t ed  (F ig .1 ) .  I n  t h e  absence of 

a s p a t i a l  phase modula t ion ,  t h e  s t r o n g  beam w a s  h a r d l y  

blocked by t h e  diaphragm. With a s t r o n g  s p a t i a l  phase modu- 

l a t i o n ,  however, a s i g n i f i c a n t  p a r t  of  t h e  s t r o n g  beam w a s  

d i f f r a c t e d  i n t o  r i n g s ,  and t h e  beam power t r a n s m i t t e d  t h r -  

ough t h e  diaphragm d imin i shed .  

I n  F i g u r e  2 , t h e  observed o u t p u t  through t h e  diaphragm, 

I 

It is seen t h a t  I 

i s  p l o t t e d  a g a i n s t  t h e  inpu t  weak beam power ( I  ) .  

can  be  reduced  from 48  t o  10 mW by ap- 
ou t '  1 

o u t  
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12 E. SANTAMATO et d. 

0 

30- 

f 
E 
Y -  

4 
lo- 

p l i c a t i n g  a 4 mW weak beam, e x h i b i t i n g  a s t a t i c  power g a i n  

of about  10. The s l o p e  of I v e r s u s  I i n  some reg ion  ap- 

p e a r s  t o  be f a i r l y  s t e e p .  For I =42mW, and I =3.6mWy a va- 

r i a t i o n  of I from 15 t o  35 mW c o l d  be  ob ta ined  by a v a r i a -  

t i o n  of I of on ly  0. 2mW. Thus t h e  dynamic power g a i n  i s  
1 

of th6 o r d e r  of 100. 

o u t  1 

0 1 

o u t  

0 

0 
a 

a 

F i g u r e  2 .  Output power I v e r s u s  I f o r  I =48mW 
(e ly  and I =42mW ( 0 ) .  

0 
o u t  1 '  0 

Unfo r tuna te iy ,  t h e  response  t i m e  i s  slow because of t h e  

s t r o n g  molecular  c o r r e l a t i o n .  I n  Table  I w e  show t h e  obser- 

ved t i m e , T ,  r e q u i r e d  f o r  reducing  I t o  l / e  of i t s  o r i g i n a l  

v a l u e ,  a s  a f u n c t i o n  of I f o r  two d i f f e r e n t  v a l u e s  of I 
0 

0' 
The theo ry  unde r ly ing  t h e  above o b s e r v a t i o n s  i s  a s i m -  

6Y9 

1 

p l e  e x t e n s i o n  of t h e  s i n g l e  beam case developed  ear l ie r .  

The i n t e r f e r e n c e  of t h e  two beams can  y i e l d  a s p a t i a l  v a r i a -  
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INTRMSIC OPTICAL TRANSITOR ACTION . . . 73 

t i o n  of molecular r e o r i e n t a t i o n  i n  t h e  form of a three-d i -  

mensional g r a t i n g  s t r u c t u r e .  

TABLE I The computation t i m e  as a f u n c t i o n  o f  I f o r  two 
d i f f e r e n t  

1 

However, i n  our exper imenta l  c o n f i g u r a t i o n ,  t h e  o p t i c a l  pa- 

t h s  of t h e  two beams w a s  d i f f e r i n g  much more than  t h e  laser 

coherence l e n g t h ,  so t h a t  t h e  g r a t i n g  s t r u c t u r e  was r a p i d l y  

f l u c t u a t i n g  i n  time and cohld no t  a f f e c t  t h e  molecular 

o r i e n t a t i o n .  With t h e  g r a t i n g  e f f e c t  neg lec t ed ,  t h e  s i t u a -  

t i o n  then c r u d l y  resembles t h a t  of a s i n g l e  beam i n c i d e n t  

upon t h e  nematic f i l m  a t  an ob l ique  ang le ;  t h e  ang le  of in -  

c idence  i n c r e a s e s  a s  t h e  weak beam power i n c r e a s e s .  

111. PLANE WAVE THEORY 

In t h i s  s e c t i o n  we b r i e f l y  o u t l i n e  t h e  gena ra l  theory  of t h e  

non l i n e a r  i n t e r a c t i o n  between a n  e l ec t romagne t i c  p l ane  wa- 

v e  and a nematic l i q u i d  c r y s t a l .  

The o p t i c a l  to rque  pe r  u n i t  volume,T , produced by a TM 

p lane  wave impinging on t h e  c r y s t a l  a t  a n  a n g l e c t i s  g i v e n  
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E. SANTAMATO er d. 

where s = s i n a ,  K i s  t h e  Frank e las t ic  c o n s t a n t ,  and 
33 

E = E , ~ - E ~  , wi th  E and  the d i e l e c t r i c  c o n s t a n t s  i n  a d i -  
I - 

r e c t i o n  p a r a l l e l  and  pe rpend icu la r  t o  molecular d i r e c t o r  n ,  

r e s p e c t i v e l y .  By choos ing  t h e  z -ax is  a long  t h e  sample nor- 

mal, 0 ( z , t )  r e p r e s e n t s  t h e  d i r e c t o r  t i l t  a n g l e .  

I n  t h e  q u a s i - o p t i c a l  approximation, t h e  components of 
10 

t h e  e l e c t r i c  f i e l d  w i t h i n  t h e  l i q u i d  c r y s t a l  a r e  

where E i s  t h e  e l e c t r i c  f i e l d  ampl i tude ,  E = E s i n  Ocos 0 , 
a n d €  = EL+ E cos  0 . The phase  Y (2 ,s )  i s  g iven  by 

xz a 
2 

zz  a 

where i s  t h e  laser wavelength.  

S ince ,  as  a l r e a d y  d i s c u s s e d ,  t h e  s p a t i a l  i n t e r f e r e n c e  

t e r m s  can  be n e g l e c t e d  i n  ou r  c a s e ,  t h e  s t r o n g  (a=O) and 

weak ( ~ 4 2 " )  beams i n t e r a c t  independent ly  w i t h  t h e  l i q u i d  

c r y s t a l ,  so t h a t  t h e  t o t a l  o p t i c a l  to rque  pe r  u n i t  volume 

i s  simply 
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INTRINSIC OPTICAL TRANSITOR ACTION _._ IS 

= ~ ( 0 )  + ~(sin42”). (5) Topt 

The equation of motion for molecular reorientation in 

the nematic cell is 

q 80 2 2 80 
33 2 6Z 

- (K -K )sin ocos0 [E) =Topt, 
- q + ( K  sin 0 + K cos 01.- 2 1 1  

33 1 1  

whereq is a Leslie viscosity coefficient, K is the splay 

elastic constant and T is obtained through Eq. (2) and (5). 
1 1  

opt 

0 
The phase change for the strong beam electric field E 

( a=O), after passing through the liquid crystal film is 

Eq.(6) is a nonlinear, inhomogeneous, partial differential 

equation (in space and time), and an analytical solution 

cannot be found. In the next two sections we shall obtain so- 

lution of Eq.(6) in two different approximations. Firstly, in 

the case of very small angles, we shall outline a very sim- 

ple, linear, time-dependent theory; secondly, we shall find 

a solution in the stationary case (& -0). A comparison 

between theoretical and experimental results will also be 

discussed. 

6 t  
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16 E. SANTAMATO ct al. 

I V .  LINEAR THEORY 

I n  t h e  l i m i t  of small ang les  of mblecular  r e o r i e n t a t i o n ,  a n  

a n a l y t i c a l  s o l u t i o n  of t h e  problem can  be ob ta ined .  The 

small-angle approximat ion  ( o < <  - ) reduces  Eq.(6) t o  t h e  

fo l lowing  l i n e a r i z e d  equa t ion  

71 

2 
1 2  

(I / I o ) c o s  a(l-Z!(sindn 

2 2 1 / 2  
e 

( I - ( s i n  a / n  ) 

where 

2 
B= 71 ( I  / I  ) 

0 t h  

2 
D=-( 71 /no> ( I 1 / I t h )  s i n  a cos  . 

I n  Eq.(8) n =( and n = (  E1,)1/2 a r e  t h e  o r d i n a r y  and 
0 

e x t r a o r d i n a r y  r e f r a c t i v e  i n d i c e s ,  r e s p e c t i v e l y ,  and I de- 

n o t e s  t h e  F r e e d e r i c k s z  t h r e s h o l d  f o r  homeotropic a l ignment ,  

v i z  

t h  

2 2 2 2  
I = ( c  A(ne/no) K ( TI /L)  > / ( n e  - no> , t h  33 

where c i s  t h e  speed of l i g h t .  

Assuming s t r o n g  anchor ing  boundary c o n d i t i o n s  w i t h  

o(O)= O(L)=O,  t h e  s o l u t i o n  can be w r i t t e n  i n  t h e  form 

e ( z , t >  = 5 c ( t ) s i n ( n . r r z / L ) .  
n 

n= 1 
(10) 

we f i n d  

c = o  
n , f o r  odd n 
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INTRINSIC OPTICAL TRANSITOR ACTION 

2 2  2 
I-exp((B-n )K t / ( Q  L ) >  

33 
2 2  n" (B-n 7 

, f o r  even n.  C =-4D 
n 

Knowing q z , t ) ,  one can  then  c a l c u l a t e  t h e  o p t i c a l - f i e l d -  

induced r e f r a c t i v e  index  An(z, t) , and, hence, t h e  induced 

phase s h i f t  A Y  ( s e e  Eq. (7) )  of t h e  s t rong  beam i n  pas s ing  

through t h e  sample. The r e s u l t  i s  
8 

0 

m 

The t h e o r e t i c a l  c a l c u l a t i o n s  have been c a r r i e d  o u t  f o r  a 

homeot ropica l ly  alignment 5CB nematic f i l m ,  w i th  L=60um, 

and an  i n c i d e n t  a n g l e  =42". For 5CB, n=O.25 p o i s e ,  K = 

9x10 dyn, n = 1 . 5 3 3 ,  n = 1 . 7 0 3 ,  and I "1.8KW/cm . 
0 e t h  

33 
-7 2 

To compare theo ry  and experiment w e  have measured t h e  

t i m e  r equ i r ed  t o  o b t a i n  an  induced phase s h i f t  of 4 "(wich 

cor responds  about 2 d i f f r a c t i o n  r i n g s  i n  t h e  f a r - f i e l d  pa t -  

t e r n )  on t h e  s t r o n g  beam a s  a func t ion  of t h e  weak beam po- 

wer f o r  a f i x e d  i n p u t  s t rong  beam. The phase-change of 4 -  

corresponds t o  a maximum molecular r e o r i e n t a t i o n  of -20" a t  

t h e  middle of t h e  c e l l .  This  guarantees  t h e  a p p l i c a b i l i t y  of 

t h e  above small a n g l e  approximation. The comparison between 

experimental  and t h e o r e t i c a l  r e s u l t s  i s  g i v e n  i n  Fzgure 3 ,  

i n  t h e  c a s e  of I =48mW. A s  shown, the  agreement between 
0 

theory  and experiment i s  good, cons ide r ing  t h a t  w e  have sim- 

p l y  taken t h e  material cons t an t  from t h e  l i t e r a t u r e ,  and 

neg lec t ed  t h e  finite-beam-size e f f e c t .  
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78 E. SANTAMATQ er a1 

FIGURE 3 .  Comparison between the  experimental  (I)) 
and t h e o r e t i c a l  ( s o l i d  l i n e )  t i m e s  r equ i r ed  f o r  ob- 
t a i n i n g  a phase s h i f t  of 4 n ,  as a f u n c t i o n  of I /I 
f o r  I =48mW. 

0 
1 0: 

V .  STEADY-STATE ANALYSIS 

We have a l s o  s t u d i e d  t h e  s t e d y s t a t e  approximation of Eq.(6) .  

The e x a c t ,  s t e a d y - s t a t e  s o l u t i o n  of Eq.(6) can be obtained 

by p u t t i n g a O /  %=O. In  t h i s  c a s e ,  Eq.(6) r eads  

2 
2 2 a o  

a z  
(K , , s in  O+K c o s  0) -- - (K  -K )sin&osO 

2 33 1 1  3 3  

We have solved t h i s  equa t ion  numer i ca l ly ,  t h u s  o b t a i -  

n ing  t h e  t i l t  a n g l e @ =  O(z) as a func t ion  of z .  The knowled- 

ge of O ( z )  a l lows  one t o  c a l c u l a t e  t h e  i n t e g r a l  i n  Eq.(7) 

and, c o n s e q u e n t l y ,  t h e  phase change €o r  t h e  s t rong  beam 
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INTRlNSlC OPTICAL TRANSITOR ACTION . . , 79 

e l e c t r i c  f i e l d  E a f t e r  pas s ing  through t h e  l i q u i d  c r y s t a l  

f i l m .  This i s  roughly equ iva len t  t o  c a l c u l a t e  t h e  maximum 

number of r i n g s  obta ined  i n  f a r - f i e l d  p a t t e r n  a f t e r  a s teady  

s t a t e  cond i t ion  has  been ceached. 

0 

I n  F igure  4 w e  r e p o r t  t h e  comparison between t h e  calcu- 

l a t e d  (cont inous  l i n e )  and  exper imenta l  measured number 

of r i n g s  i n  t h e  f a r - f i e l d  p a t t e r n  as a f u n c t i o n  of t h e  r a t i o  

I , /Io,  f o r  I =48mW. 
0 

4 "i 2 

1 * 
1 .2 .3 0 - 

.3 

FIGURE 4 .  Comparison between exper imenta l  ( 0 )  and 
c a l c u l a t e d  ( s o l i d  l i n e )  maxmum number of r i n g s  i n  
t h e  f a r - f i e l d  p a t t e r n  i n  a s t eady- s t a t e  cond i t ion ,  
as a f u n c t i o n  of I /I f o r  I =48mW. 

1 0' 0 

A s  e a s l y  seen ,  t h e  agreement i s  thouroughly s a t i s f a c t o r y  al-  

s o  i n  t h e  s t eady- s t a t e  case .  S i m i l a r  r e s u l t s  have been obi 

t a i n e d  a l s o  f o r  I =42mW. 
0 
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80 E. SANTAMATO n al. 

CON CLUS IONS 

I n  t h i s  work w e  have sported t h e  f i r s t  obsarvat ion of i - 

t r i n s i c  o p t i c a l  t r a n s i s t o r  a c t i o n  i n  a homeotropical ly  a l i -  

gned nematic l i q u i d  c r y s t a l  f i l m .  A very i n t e r e s t i n g  f e a t u r e  

i n  OUK r e s u l t s  i s  t h a t  t h e  t r a n s i s t o r  a c t i o n  i s  produced by 

t h e  sample i n t r i n s i c  o p t i c a l  n o n l i n e a r i t i e s ,  so t h a t  no ex- 

ternaik feed-back mechanism i s  necessary.  I n  our  experiment 

we have observed s t a t i c  o p t i c a l  power ga ins  of t h e  o rde r  of 

10 and dynamic power ga ins  of t h e  o rde r  of 100. 

The main draw back of t he  a l l - o p t i c a l  device desc r ibed  

i n  t h i s  paper i s  the  slow response time wich due t o  t h e  

s t r o n g  molecular c o r r e l a t i o n  showed by l i q u i d  c r y s t a l s  

( s e e  Table I ) .  Much work i s ,  obviously,  r equ i r ed  i n  t h i s  

d i r e c t i o n  i n  t h e  f u t u r e .  

We have a l s o  obtained s o l u t i o n s  t o  t h e  g e n e r a l  pro- 

blem of t h e  n o n l i n e a r  i n t e r a c t i o n  among two l i g h t  beams and 

a nematic l i q u i d  c r y s t a l .  In  p a r t i c u l a r ,  we found an analy-  

t i ca l  s o l u t i o n  i n  t h e  case of small a n g l e s  of molecular reo- 

r i e n t a t i o n ,  a n d  a numerical  exac t  s o l u t i o n  €o r  t h e  c a s e  of a 

s t e a d y - s t a t e  regime. I n  both c a s e s  very good agreement bet-  

ween p r e d i c t e d  an experimentalPy measured 

t a i n e d .  

va lues  w a s  ob- 
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