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ELECTRIC FIELD I N D U C E D  RELAXATION PROCESSES I N  
UNWINDING H E L I C A L  TEXTURE OF FERROELECTRIC 
LI Qu?. D CRYSTALS 

K e  K O  RAINA 
Department o f  Applied Sc iences ,  Thapar I n s t i t u t e  
o f  Ehgineer ing  and Technology, P a t i a l a ,  I N D I A ,  

A b s t r a c t  Under t h e  i n f l u e n c e  o f  e l e c t r i c  
f i e l d ,  h e l i c a l  t e x t u r e  o f  f e r r o e l e c t r i c  l i q u i d  
c r y s t a l s  t ends  t o  unwind, g i v i n g  r i s e  t o  macro- 
s c o p i c  p o l a r i z a t i o n  which s a t u r a t e s  a t  a c r i t i -  
cal  f i e l d  Ec, The h e l i x  dynamics i n  a,c, f i e l d s  
from 0-20KIIz h a s  been observed i n  t h e  compounds 
having  : 

1. pos l  t i v e  d i e l e c  ti-ic an iso t ropy  and l o w  perma- 

2. n e g a t i v e  d i e l e c t r i c  a n i s o t r o p y  and low perm- 

Two r e l a x a t i o n  p r o c e s s e s  have been observed  : a 
l1slowtt r e l a x a t i o n  det,ermiiied by r e l a x a t i o n  time 
Ts = 1 ( ( K G ) - 1  and a t t f a s t l t  r e l a x a t i o n  determin-  
ed by t h e  r e l a x a t i o n  t ime 7f= f[20((T;-T)] 
( yis  t h e  dynainic v i s c o s i t y  C o e f f i c i e n t ) ,  The 
t y p i c a l  r e l a x a t i o n  f r e q u e n c i e s  f o r  TS and Tf 
correspond t o  L 400 Hz a n d e l  KHz r e s p e c t i v e l y .  
I t  h a s  been observed t h a t  new t e x t u r e s  r e s u l t  
from t h e  s u p e r p o s i t i o n  o f  dynamics caused  by 
h e l i x  and undu la t ion  i n s t a b i l i t y  c r e a t e d  by 
e l e c t r i c  f i e l d  induced  charged l a y e r s .  

nen t p o l a r i z a t i o n ,  

a n e n t  p o l a r i z a t i o n ,  

INTRODUCTION 

Ex i s t ence  o f  f e r r o e l e c t r i c  l i q u i d  c r y s t a l s  was esta- 
b l i s h e d  by Meyer e t  a l l .  i n  1974. Many o f  t h e i r  

p h y s i c a l  p r o p e r t i e s  have been s t u d i e d  s i m e  thene2'l 

Meyer moticed t h a t  s p o n t a n a a  p o l a r i z a t i o n  i n  f e r -  

r o e l e c t r i c  l i q u i d  c r y s t a l l i n e  materials was lower  

t h a n  t h a t  i n  s o l i d  f e r r o e l e c t r i c s .  Furthermore, t h i s  

p o l a r i z a t i o n  was a s s o c i a t e d  wi th  t h e  h e l i c a l  t e x t u r e  

21 1 
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212 K. K. RAINA 

of  i t s  molecules  i n s i d e  t h e  smec t i c  l a y e r s  perpendi-  

c u l a r  t o  t h e  molecular  d i r e c t o r ,  The a n g l e  between 

t h e  normal z -ax i s  and t h e  d i r e c t o r  i s  c a l l e d  tilt 
a n g l e  8, I t  has both tempera ture  as  w e l l  a s  e l e c t r i c  

f i e l d  dependence?, lo When a c h i r a l  smecticC( SmC*) 

compound i s  sandwiched between two t r a n s p a r e n t  g l a s s  

p l a t e s ,  p a r a l l e l  s t r i p e s  a r e  observed through po la r -  

i z i n g  microscope under  c ros sed  p o l a r i z e r s .  The 
spacilvg between t h e  s t r i p e s  g i v e s  t h e  p i t c h  2, o f  

t h e i r  h e l i c a l  s t r u c t u r e  i n  terms o f  t empera tu re  2 
and e l e c t r i c  f i e l d  E.  

The e x t e r n a l  e l e c t r i c  f i e l d  unwinds t h e  h e l i c a l  
t e x t u r e  comple te ly  a t  a c r i t i c a l  f i e l d  Ec which 

h e l p s  i u  t h e  measurement o f  p o l a r i z a t i o n  2, t h e  

e l a s t i c  c o n s t a n t s  K, t h e  t i l t  a n g l e  8 and t h e  h e l i c -  

a l  p i t c h  2, Exact  behaviour  o f  t h e  h e l i x  i n  e l e c t r i c  

f i e l d  i s  s t i l l  n o t  p r o p e r l y  understood.  

Herein,  we s t u d y  t h e  e f f e c t s  o f  a.c. f i e l d s  on 

t h e  h e l i x  p i t c h  i n  two f e r r o e l e c t r i c  l i q u i d  c r y s t a -  
l s  over  0-20 KHz. The experimemtal measurements 

i n d i c a t e  dynamic p r o c e s s e s  a s s o c i a t e d  w i t h  t h e  

d e f o m a t i o n  o f  t h e  h e l i x .  They a l s o  emphasize t h e  

r o l e  o f  p i e z o - e l e c t r i c  e f f e c t s  i n  spontaneous  po la r -  

i z a t i o n .  The a c t u a l  mechanism o f  h e l i x  deformat ion  

i s  s t i l l  n o t  w e l l  unders tood  d e s p i t e  e f f o r t s  by 

v a r i o u s  r e s e a r c h e r s ? r 8  E l e c t r i c  f i e l d  induced  

dynamics o f  t h e  h e l i x  due t o  r e l a x a t i o n  p r o c e s s e s  

has been d i s c u s s e d  and p r i n c i p a l  f i n d i n g s  a r e  repo- 
r t e d  in, proceeding  s e c t i o n s ,  The a u t h o r  f e e l s  t h a t  

e f f e c t s  o f  p c l a r i z a t i o n  o f  t h e  molecular  d i p o l e s  on 

re laxa t l ion  p rocesses  a t  h i g h e r  f r e q u e n c i e s  needs  

f u r t h e r  exper imenta l  i n v e s t i g a t i o n .  
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FIELD INDUCED RELAXATION 213 

RELAXATION PROCESSES 
We cons ide r  a f e r r o e l c c t r i c  SmC* l i q u i d  c r y s t a l  mole- 

c u l e  i n  i t s  p l a n a r  o r i e n t a t i o n .  M r e c t o r  Tp(r) genera-  

t e s  a cone wi th  s e m i - v e r t i c a l  a n g l e  6 around z -ax i s ,  
normal. t o  t he  smect ic  l a y e r s .  L e t 4  be t h e  azimuth 

ang1.c betNeen f i e l d  3 and p o l a r i z a t i o n  v e c t o r  g. 
Components o f  n ( r >  a r e  g iven  by 

nX = Sin 6 C O S ~  

ny = Sin 6 Sin+  ( 1 )  
a z  = cos e 

A t  equ i l ib r ium,  s t r u c t u r e  o f  t h e  SmC* is d e f i n e d  by 

a uniform twist @ = %  r e s u l t i n g  i n  a h e l i c & i d a l  

c o n i c a l  t e x t u r e ,  qo= T'Z being t h e  h e l i x  p i t c h .  I n  
an  e l e c t r i c  f i e l d  lZ, f r e e  energy d e n s i t y  o f  SmC* 
phase i s  g iven  by3 

2n 

F = Fo(f3) + 3 K6' (& - q0)'- 3 ( b p e E  C o s b ( 2 )  
dz 

where Fo (6 )  = 4 ae2 + b e4 ( 3 )  
is  t h e  c o n t r i b u t i o n  du2  to  Landau f r e e  energy. 

a = o( (T-T;), g > O  and b >O a r e  t h e  a z s o c i a t e d  
s a t u r a t i o n  terms. Second term i n  Eq.(2) i s  due t o  

p u r e  twist o f  t h e  l a y o r a  ant1 t h e  t h i r d  term because 

o f  coupl ing  between 2 and the  permanent p o l a r i z a t i o n  

- Po+$$I. K i s  t h e  t w i s t  e l a s t i c  c o n s t a n t ,  t h e  d i e l e c -  

t r i c  s u s c e p t i b i l i t y  and +,the p i ezo  e l e c t r i c  c o e f f i -  

c i e n t .  F l e x o e l e c t r i c  coef  f i c i e r r t  and t h e  d i e l e c t r i c  

a P i s o t r o p y  A €  h a s  been n e g l e c t e d  i n  Eq.(2). For low 
frequency f i e l d s ,  "f lexo" c o a t r i b u t i o n  a r i s i n g  from 

l a r g e  area d i s t o r t i o n s  w i l l  be reduced due t o  sc ree -  

n i n g  o f  p o l a r i z a t i o n  charges  by i o n i c  i m p u r i t i e s  i n  
t h e  l i q u i d  c r y s t a l .  A t  h i g h e r  f r equenc ie s ,  A €  i s  
expec ted  t o  be reduced 4 . Iar equi l ibr ium,+ dependent 

p a r t  o f  f r e e  energy: 
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2 14 K. K. RAINA 

( 4 )  1 2 db 2 A F  = - I C 6  (z - qo) - 7 /up 8 E  COS@ 
, m h i m i z a t k o n  o f  above e q u a t i o n  wi th  dz '1 

r e s g ? c t  t ( z )  g i v e s  ? +  ' d? dzZ +Fpp E S i m $  = 0 

I n  a n  a l t e r n a t i n g  f i e l d  E = EO exp ( i u t ) ,  t h e  
equa t ion  o f  h e l i x  untx!atFt>s f y s s a i c s  becomes 

( 5 )  

Where I. i s  t h e  moment o f  i n e r t i a  o f  the. iiioLLecu7e and  
%the dynamic v i s c o s i t y  c o e f f i c i e n t  o f  t h e  liquid 

c r y s t a l ,  Solution o f  t h e  above equat ion ,  n e g l e c t i n g  
t h e  i n e r t i a l  term, i s  g ive?  by 

+=  qoz + A exp i ( w t + m )  S B ~  q0z (7) 
which a f t e r  s u b s t i t u t i o n  i n  Eq.(6) g i v e s  

3Cu EoT 
A exp fiH = 

where 

8 )  

and 

t an&= ( m y )  ( 1 1 )  
 is t h e  r e l a x a t i o n  t fme o f  t h e  molecule. The d€ele-  
c t r i c  re laxat ioan d i spe r s i - an  due t o  "sof t ' l  as well as 

"Goldstone*I mode and t h e  Landau emergy fn t h e  SmC* 

becomes 

A €C*(W) 5 2~ fiP2 (12) 

Kq02 ( l+x'w'l) + 2 O( (TTm 
for  ( T=*-T) < 1 OK. 

Eq. (1O)and (12) i n d i c a t e  t h a t  t h e r e  a r e  two relaxa- 
tion proceseea : a "sfow" one determined  by t h e  
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FIELD INDUCED RELAXATION 215 

r e l a x a t i o n  time 

and a “fast“ one with r e l a x a t i o n  t 5 r e  

7f = #* 

( 13) 

(14) 

The llfasttl r e l a x a t i o n  is governed by t h e  temperature 
dependence o f  t h e  helFx p i t c h  and i s  due t o  t h e  pol- 
ar p e r t u r b a t i o n  i n  SmC* arud S E ~  phases. These r e l ax -  

ations a r e  r e f l e c t e d  fn t he  p o l a r i z a t i o n  under thre-  
shold f i e l d  E,. This should give i t  h ighe r  va lues  a t  
f r e -TJ anc; e s c o r r e s p  n d5.i I g 50 t he  two r e l axa  ti  oms. 
Beresnev et .a l” .  a l s o  had observed t h f s  phenomena. 

ELECTRIC FIELD INDUCED HELIX DYNAMICS 
Dynamics of  t he  h e l i x  fin a m  a h t e r n s t i n g  f i e l d  was 
imvest igated 3.n two f e r r o e l e c t r i c  l i q u i d  c r y s t a l  
Campnunds ; 
1 )  p- decyloxy benzylidene pl-amino 2-methyl b u t y l  
cinnamate ( DOBAMBC) 
2) p-decyloxy benzylidene pa-amfno 2-methyl b u t y l  

A- Cyano cinmarnate (DOBAMBCC) . 
The i r  molecular s t r u c t u r e  , phase transit-  
ion temperatures and d i e l e c t r i c  an i so t ropy  i s  i l l u -  
s t r a t e d  i n  Fig. 1. DOBAMBC has  p o s i t l v e  d i e l e c t r i c  
an i so t ropy  and Pow permanent p o l a r i z a t i o n  whereas 
l a t t e r  has  a nega t ive  d i e l e c t r i c  an i so t ropy  and low 
pem,anent pahariza t ioz .  The compounds were sandwic- 
hed in 
coated glass p la t e s  srpt?rated by Mylar spacers. 
Thermal microscopy was studLed us ing  a L e i t z  polar-  
i z i n g  micmscape and X e t t l e r  F’P5 + FP5L temperature 
c o n t r o l l e r  programmer maintaining accuracy up t o  

p l ana r  o r i e n t a t i o n  between two SnOz 
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216 K. K. RAINA 

DOBAMBC 
Af 2.4 

FIGURE 1. Molecular  s t r u c t u r e ,  phase t r a n s i t i o n '  
t empera tu res  and d i e l e c t r i c  a n i s o t r o p y  
o f  t h e  Compounds s tud ied .  

O.l°C. Helix t e x t u r e  was observed a t  SmA - SmC* 
t r a n s i t i o n  tempera ture  v i i t h  t h e  appearance  of  colon- 
rs due t o  t h e  s e l e c t i v e  r e f l e c t i o n s  from t h e  he l i ca l .  
s t r i p e s .  I t  cam be unwound by e x t e r n a l  f i e l d s .  
Ac. f i e l d  a t  d i f f e r e n t  f r equenc ie s  was a p p l i e d  through 

a frequency g e n e r a t o r  and an a m p l i f i e r  across t h e  
Sn02 coated  e l e c t r o d e s .  Obse rva t ions  fGr urnwinding 
t h e  h e l i x  comple te ly  were r eco rded  a t  a p a r t i c u l a r  
f requency and temperature .  The ave rage  of t h r e e  such 
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FIELD INDUCED RELAXATION 217 

measurements gave t h e  exac t  value of Ec. 

NEW TEXTURE 
We reoted t h a t  ~ ~ s l o w f t  amd "fast" r e l a x a t i o n  p rocesses  
were expected t o  r e f l e c t  t h e i r  i n f l u e n c e  on E,, 

cb I 
FIGURE 2,  Dynamics of h e l i c a l  t e x t u r e  i n  SmC* phsse 
(a) appearance o f r -  d e f e c t  e n t e r i n g  the t e x t u r e  a t  
200Hz (b) A- t e x t u r e  formed a t  5OOHz. 
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218 K. K. RAINA 

Clark12 sugges t ed  a new e l e c t r i c  f i e l d  - induced-  

mechanical  i n s t a b i l i t y  o f  a monodomain SmC*. H e  a l s o  

p r e d i c t e d  t h e  e x i s t e n c e  o f  charged  l a y e r s  due t o  l ay -  

e r  d i s t o r t i o n  by l a r g e  e l e c t r i c  f i e l d s .  For v a l u e s  
c l o s e  t o  Ec, bend d i s t o r t i o n s  and l a y e r  d i sp l acemen t s  
were r e p o r t e d  t o  be s i n u s o i d a l ,  such  d i s t o r t i o n s  and 
r e s u l t a n t  charged l a y e r s  would g i v e  r i s e  t o  a new k i n d  
o f  h e l i x  dynamics as shown im Fig.2. Behaviour o f  t h e  

monodomain sample f o r  a p p l i e d  v o l t a g e  Vr.m.s. = 10 
Vol t s ,  f = 200H2, i n  F i g 0 2 ( a ) ,  shows t h a t  h e l i x  star- 
ts deforming and t h e  p a r a l l e l  s t r i p e s  t e x t u r e  became 
d i s t o r t a d .  I t  was i n t e r e s t i n g  t o  n o t e  t h a t  a TT - type  
d e f e c t  e n t e r e d  t h e  t e x t u r e  and s t r i p e s  were seen  
o s c i l l a t i n g .  A t  h ighe r  v a l u e s  o f  Vr.m.6. arnd frequen- 

c y  = ~ O O H Z ,  a new type  o f  t e x t u r e  was seen  as i n  Fpg. 
2 (b ) ,  This resembles  wi th  W i l l i a m ' s  domains bu t  i s  
somewhat d i f f e r e n t  because o f  dynamics o f  t h e  charged 
l a y e r s  r e s u l t i n g  from undu la t ion  i n s t a b i l i t i e s ,  The 
s t r i p e s  became wavy because o f  t h e  superpos i t ion  uf  

two types  o f  motions o f  t h e  h e l i c a l  t e x t u r e ;  one due 

t o  t h e  unwinCint; o f  t h e  m e c t i c  l a y e r s  i n  SmC+ and 
t h e  second t h a t  o f  charged l a y e r s .  A new t e x t u r e  
demonst ra tes  a A - p a t t e r n ,  When t h e  a.c. f i e l d  i s  

f u r t h e r  i n c r e a s e d  motion o f  t h e  charged I . a y ~ m  domin- 

a t ed  and a new type  o f  p a t t e r n  appeared  which d isap-  
pear., conplc  t e l y  a t  t h r a s h o l l  ~ , i l - i ~ e  %,. 

HELIX UMWINDIXG 

Typ ica l  c h a r a c t e r i s t i c s  o f  t h e  f i e l d  f requency a r e  

shGwn i n  Eg .3  f o r  rX)BAMBC and DOBAPIBCC. 

I n  t h e  former case ,  FYg.j(a), we n o t i c e  t h a t  Ec i n c r -  
e a s e s  r a p i d l y  n e a r  t h e  llslow" r e l a x a t i o n  frequancy 
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219 FIELD INDUCED RELAXATION 

FIGURE 3 ( a )  A * C *  Ec as  a f u n c t i o n  o f  f requency  
f o r  DOBAMBC 

4 -1  higher  f requencies  E, f a l l s  to 4.2 x 10 Vcrn for 
2KHz and s a t u r a t e s  t h e r e a f t e r -  It  is i n  agreement  
w i t h  V i s t i n  e t . a ~ ’ ~  E, i n d i c a t e s  s a t u r a t i o n  a t  
hLgher frequencies,  Relaxation Corresponding t o  t h e  
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220 K. K. RAINA 

Ilfast" moae could no t  be observed because of  limitat- 
i o n s  on frequencies.  

Frequency dependence of Ec f o r  DOBAWBCC i n  Smc* 
phase i s  shown i n  Flg,3(b). The two f i g u r e s  r e v e a l  

I 1 6 I 

0 10' 1 0 2  Id I 0' 10 
FREQUENCY (Hz) -3 

F G U R E  3 (b )  A.C. Ec as a func t ion  of  frequency 
f o r  DOBAMBCC 

d i f f e r e n t  e f f e c t s  a t  h igh  frequencies.  In t h i s  case 

r e l a x a t i o n  frequency corresponding t o  t h e  high frequ- 
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FIELD INDUCED RELAXATION 22 1 

emcy peak s h i f t s  towards lower  frequemcy s i d e  on 
Lncreas ing  A T u n l i k e  i n  t h e  f i r s t  sample. C r i t i c a l  

f i e l d  Ec s a t u r a t e s  a t  h i g h e r  f requencies .  The l l s l ~ w l l  
r e l a x a t i o n  peak i n  DOBAPlIBCC cor responds  t o  200Hz and  

second a t  400Hz much belaw t h e  m e  observed  i n  t h e  

former compoumd. 

The low frequency behaviour  o f  Ec can be e x p l a i -  

ned on t h e  b a s i s  o f  c o n t r i b u t i o n  o f  permanent po la r -  

i z a t i o m  g i v i n g  r i s e  t o  t h e  same unwind s ta te  o f  t h e  

h e l i x  as f o r  doc. fi-eld. As t h e  frequemcy is i n c r e a -  

s e d ,  t h e  induced  p o l a r i z a t i o n  becomes r e s p o n s i b l e  f o r  

h e l i x  unwinding and hence h i g h e r  E, values .  The s h i f t  

o f  llslowtl r e l a x a t i o n  peak towards h i g h e r  f r e q u e n c i e s  

s u g g e s t s  weak coupl ing  between d i f f e r e n t  mo lecu le s  a t  
h i g h e r  t empera tu res  and hence e a s y  fo l low on o f  t h e  

f i e l d  f requency o f  t h e  molecules. The molecu la r  

s t r u c t u r e  o f  these compounds as  shown i n  Eg.1 i s  
a l s o  expec ted  t o  g i v e  r i s e  t o  r e l a x a t i a m  phenomena 

due t o  branched p o l a r i z a t i o n  o f  t h e  molecules. 

coITcLusIoN 
The a.c. f i e l d  e f f e c t s  i n d i c a t e  tlslowll and " f a s t "  

r e l a x a t i o n  i n .  f e r roe l cc tb . '  c Liquid  c r y s t a l s .  "he r e l -  
a x a t i o n  cor responding  t o  "piezotT e f f e c t s  i s  expec ted  

i n n  t h e  MHz range. 

A new t e x t u r e  h a s  been cbserved  as a r e s u l t  o f  
s u p e r p o s i t i o n  o f  heU.x and charged l a y e r  dynamlcs. 

The d i e l e c t r l c  m i s o t r o p y  e f f e c t s  o n  Ec s u g g e s t  t h a t  

a t  hlgh f r e q u e n c i e s  i t  i s  lower for compounds wi th  

a € > O  and h i g h e r  f o r  t h o s e  p r o c e s s i n g  nc<O. D
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222 K. K. RAINA 

POSSIBTLITIES FDR FURTHER INVESTIGATION 
Hechanisa of i n t e r a c t i o n  between f i e l d  frequency and 
the  &poles  o f  f e r r o e l e c t r i c  phase needs more unders- 
tanding d e s p i t e  ,1415 e f f o r t s  by va r ious  r e sea rche r2  

b . a o d e l  f o r  a.c. Ec i s  y e t  t o  be proposed which 
could exp la in  t h e  dymarics o f  t h e  h e l i x  and t h e  meas- 
urement o f  p o l a r i z a t i o n  a s s o c i a t e d  w i t h  i t s  deformati- 
on. The con t r ibu t ion  o f  d k e l e c t r i c  an i so t ropy  and 
“flexon e f f e c t s  i n  f r e e  energy d e n s i t y  for unwin- 

dftng t he  slEC* h e l i x  is t o  be inves t iga t ed .  
h- k x t u r e  depicted i n  fig.2(b) needs f u r t h e r  e x p h -  

i e a t i a n .  Dynamics of s t r i p e s  a t  high f r equenc ie s  i s  
expected t o  fFnd use i n  d i s p l a y  devices. The high fr- 

equency region of  t he  c r i t i c a l  f i e l d  remafne unexpla- 
ined. There fs need t o  i n v e s t i g a t e  frequency depende- 

m e  of Ec in thelEHz raqge. 

many h e l p f u l  discussions.  These i n v e s t i g a t i o n s  were 
c a r r i e d  ou t  as a p a r t  o f  DST (Imdia) p r o j e c t  a t  
Xashmir University;  I n t e r e s t  o f  D r .  14.C. Ntgam and 
Dr. B.N. Nayer i s  thankfu l ly  acknowledged. 
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REITERENCES 

1. 

2. 

3 .  

4. 

5. 
6 .  

B.B.#eyer, L. L i e b e r t ,  L. S t r z e t c k i  and P.Keller, 
J. Phys. ( P a r i s )  L e t t . ,  0 69 (1975) 
Ph. Martimot - Lagarde, 5bhrs.  ( P a r i s ) .  37-c3, 
129 (1976) 
B. I. Os t rovsk i i ,  A.Z. Rabimovich, A.S. So- and 
B.A. Strukov, Sov. Phys. JETP, Q, 912 (1978) 
D.S. Paratar and Ph, Martinot-Lagarde, A m .  Phss. 
CParPs), 2, 275 (1978) 
R. B l i m c  and B. Zeks, Phys. Rev. A, 1$,740 (1978) 
s CfaroSf and ROB. Meyer, Phps. Rev.,A.19, 
386 (1979) 

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:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



FIELD INDUCED RELAXATION 223 

7. Ph, Mart inot  Lagarde, R.Duke amd G.Durand, HA. 
Crys t .  Liar Crys t . ,  lfi, 249 (1981) 

269 (1981) 
8. Ph. Hartfnot-Lagarde amd B.Durand, J.Phys. 

9. K,A, -&ark, K,A. Hamudschy and SOT, Lagerwall, 
~ a l ,  Cryst : ~ i a ,  CPYS~., & 213 (1983) 

L~s. Cryst., 103, 77 (1983) 
10. D.S. Pamar ,  K.K, R a i m a  and 6. Shanker, K61,Cryst 

11. LOB, Beremev, L.H, Blimov and FOB. Sekolova, 
JETP Lett . ,  28, 340 (1978) 

12. BOA, Clark, Appl. Phys. Lett.. 35 688 (1979) 
13. 5.K. V i s t i n n ,  P.P. Chumakova and Z.B. Rajabova 

Advances i a - L i q u i d  C r y s t a l  Research and A m l i c a t -  
ions e d i t e d  by L.Bata, (Pergamom Press ,  Oxford, 1980). 

14. B; Zeks, A. Leves t ik  and R, Blinc, J,Phys. Collm. 

15. Ph. E a r t i n o t  - Lagarde and G. Durand, J. Phys. 
&, cl, 402 (1979) 
- Lett., 41, L-43 (1980) 

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:
17

 1
9 

Fe
br

ua
ry

 2
01

3 




