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OPTICAL MODULATION INDUCED BY STRESSED CHOLESTERIC 
L I Q U I D  CRYSTALS 

R. BARTOLINO, C .  UMETON, F.  YE and F. S I M O N 1  
Unical Liquid  C r y s t a l s  and Opt ics  Group 
GNSM - CISM Unit2 di Cosenza 
Dipar t imento  di F i s i c a  - Univers i t ;  d e l l a  Ca lab r i a  
87036 Rende (CS) ITALY 

Abs t r ac t  Experimental r e s u l t s  on t h e  r o t a t o r y  p m e r  
of a s t r e s s e d  Cho les t e r i c  Liquid  C r y s t a l  a r e  r epor t ed .  
The dependence on t h e  app l i ed  s t r a i n  i s  measured and 
a c r i t i c a l  dependence on t h e  Light w a w l e n g t h  i s  s h m n .  
App l i ca t ions  of t h i s  e f f e c t  t o  o p t i c a l  modulation i s  
a l s o  r epor t ed .  

I n  prev ious  r e sea rches  we have s t u d i e d  t h e  o p t i c a l  proper- 

t i es  of a C h o l e s t e r i c  Liquid C r y s t a l  (C.L.C.) sub jec t ed  t o  

normal mechanical s t r a i n s .  For small deformat ions  w e  have 

demonstrated t h e  e x i s t e n c e  of a s t eady  s t a t e  e l a s t i c  beha- 

v i o r  . In  t h i s  paper we show a s t r o n g  v a r i a t i o n  of t h e  o p t i -  

c a l  r o t a t i o n  induced by the  C.L .C .  and r e p o r t  a p p l i c a t i o n s  

of t h i s  e f f e c t  t o  o p t i c a l  modulation. 

The e l ec t romagne t i c  theory  of wave propagat ion  a long  the  

a x i s  of a C .L .C .  can be e a s i l y  extended t o  inc lude  t h e  e f -  

fec t s  of small deformations j u s t  d e f i n i n g  t h e  molecular 

t w i s t  ang le  a s  

1 

' 2  

(2) = hr(z - U > / P 0  

where u = u(z )  i s  t h e  displacement of t h e  molecular  l a y e r .  

Here we cons ide r  on ly  t h e  e las t ic  regime where u = d z ,  w i t h  
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62 R. BARTOUNO er al. 

0 .  

-120- 

c ( =  s / ( $  + d); d is the unperturbed C.L.C. thickness ands 

is its variation ( $ > O  for dilation and,g(O for compression). 

Following this method, the well known expression for the 

rotatory power of a C.L.C. is reobtained: 

I ( 1028 1 
1 I 

56 60 64 

with these new definitions: 

P = Po/(l -MI, A ’  = X ’ ( l  - ) .  
P 

All the other variables have the usual meaning. 

Using the technique of the spinning analyzer, we have rneasu- 

red the optical rotation induced by the C.L.C. under diffe- 

rent strain conditions and for different wavelengths. 

Experimental measurements of  R versus the light wavelength 

are reported in fig. 1 for different strain conditions. In 

the same figure full lines correspond to theoretical calcu- 

lations and show a good agreement with experimental data. 

3 
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OPTICAL MODULATION INDUCED BY STRESSED . . . 63 

I I I 
0.015 0.01 0.005 

An impor tan t  f e a t u r e  ev iden t  from t h e s e  d a t a  i s  t h e  s t r o n g  

v a r i a t i o n  of R a t  a f i xed  wavelength f o r  d i f f e r e n t  s t r a i n  

c o n d i t i o n s .  This i s  b e t t e r  expla ined  i n  f i g .  2 where t h e  

v a r i a t i o n  R - R of t h e  o p t i c a l  r o t a t i o n  i s  r epor t ed  vs &Sd. 

O f  cou r se  t h i s  e f f e c t  i s  lower f o r  wavelengths f a r  from t h e  

r e f l e c t i o n  peak. The used sample i s  a mixture  of ChC1,ChO 

and ChN wi th  t h e  r e f l e c t i o n  maximum a t  

0 

= 6600 h. 
0 

. il=6400 ii 

- 2  

- 1  

6/d 

0.005 0.01 0.015 
I I 1 -  

1 -10  . -  
FIGURE 2.  V a r i a t i o n  of t h e  o p t i c a l  r o t a t i o n  v s  t h e  ap- 

p l i e d  s t r a i n .  

The e f f e c t s  descr ibed  be fo re  a r e  t h e  b a s i s  of  t he  working 

o p e r a t i o n  of t h e  S t r e s s  Cont ro l led  P o l a r i z e r  (S.C.P.) which 

an  i n t e r n a t i o n a l  p a t e n t  i s  pending f o r .  The C.L.C.  sample, 

placed i n  between two p o l a r i z e r s ,  acts a s  i n t e n s i t y  modu- 

l a t o r  when a mechanical p e r i o d i c  deformat ion  i s  app l i ed .  

The deformat ion  i s  obta ined  by a p i e z o e l e c t r i c  d r i v e r  con- 

nec ted  t o  one wa l l  of t h e  sample. 

We have s t u d i e d  t h e  dependence of t h e  modulation on the  
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64 R. BARTOLINO eI al 

l i g h t  wavelength, t h e  sample th i ckness  and the  app l i ed  de- 

formation. A s  u s u a l l y ,  w e  de f ine  the  o p t i c a l  modulation a s  

M = (Imax - Imin)/Imax 

where I and I . a r e  r e spec t ive ly  t h e  maximum and mini- 

mum va lue  of t h e  t r ansmi t t ed  i n t e n s i t y .  

In  f i g .  3 M i s  r epor t ed  vs  the  e x c i t i n g  frequency f o r  a 

sample 9prn t h i c k .  A cut-off frequency of about 10 Hz i s  

max min 

ev iden t .  
M 
. 6  

. 5  

4 

3 

. 2  

. l  

0 

I - .... . thickness= 9 pm 
1 = 5290 8, 
-stress 0.5% 

- o s t r e s s  1.0% 
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0 0 0 0  0 

- 
0 

0 .  

- 
m m m m  m m  

0 

. o  

D O  

m 

. O  

. O  . 
I I I 1 . 1 .  V ( H z 1  

* 
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FIGURE 3 .  Opt ica l  modulation M v s  the  e x c i t i n g  f r e -  

quency. 

In  f i g .  4 t he  dependence of M on the sample thickness  i s  

shown f o r  a f i x e d s t r e s s  va lue  and two modulation frequen- 

c i e s .  

The main f e a t u r e s ,  i n t e r e s t i n g  f o r  a p p l i c a t i o n s ,  o f  the 

presented S.C.P. a r e  t h e  l i n e a r  behavior  i n  t h e  e l a s t i c  

regime, t he  c o n t r o l  of t h e  s ign  of v a r i a t i o n s  of t h e  op- 
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OPTICAL MODULATION INDUCED BY STRESSED . , . 65 

t i c a l  r o t a t i o n  and a wide range of v a r i a t i o n  which can  be 

exp lo i t ed  ps 

.6 
M 

E 
.I 

.4 

.2 

1 

s i n g  from d i l a t i o n  t o  compression. 

A= 5290 8 
rn Y=l Hz 
o Y =  10 Hz 

. . 
stress 1.5 % 

0 

. 
thickness 

I I I I I @ ( p m )  
10 20 30 40 50 

FIGURE 4. Opt ica l  modulation M v s  t h e  sample t h i c k n e s s .  
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