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THEORY OF SURFACE ELECTROMAGNETIC WAVES 
IX CHOLESTdRIC LIQUID CRYSTALS 

S .V.SHIYkNOVSKII 
I n s t i t u t e  f o r  Nuclear  i iesearch,  Ukrainian 
Academy o f  Sc iences ,  Kiiev, 252028 ,  USSR 

Abs t r ac t  This  paper  is devoted t o  t h e  s t u d y  
of t h e , s t r u c t u r e  and p o l a r i z a t i o n  of  t he  pre-  
d i c t e d  s u r f a c e  e lec t romagnet ic  waves (SEWS), 
which can propagate  a long  t h e  i n t e r f a c e  be- 
twceii c h o l e s t e r i c  l i q u i d  c r y s t a l  (CLC) and a 
s u b s t r a t e  w i th  s m a l l  r e f r a c t i v e  index. It i s  
shown, t h a t  t h e s e  S3Vs are genera ted  e f f i c i -  
entl by t h e  a t t e n u a t e d  t o t a l  r e f l e c t i o n  
(ATRf me-thod. 

1NTROi)UCT ION 

S N s  a r e  widely used f o r  t h e  i n v e s t i g a t i o n  of 
boundary l a y e r s  i n  v a r i o u s  media2. However two 
c o n d i t i o n s  E L  )&, 0 ,  E ,  e z 4  0 should be sa- 
t i s f i e d  for SEW e x i s t e n c e  on t h e  i n t e r f a c e  of 
homogeneous media. 

C o s s e l  p r e d i c t e d  3 9 4  ano the r  mode o f  SZY on t h e  
boundary o f  t h e  pel-i0di.c medium, tha-l; i s  analogous 
-Lo Tam,] s u r f a c e  s t a t e s  . This  mode, a r i s i n g  by  ef- 
f ec - t  of Bragg d i f f r a c t i o n  i n  t h e  p e r i o d i c  medium 
and total i n t e r n a l  r e f l e c t i o n  i n  t h e  s u b s t r a t e ,  has 
been observed i n  s t r a t i f i e d  s t r u c t u r e s  wi th  i s o -  
t r o p i c  iayersll’. The s’iudy o f  t h i s  mode i n  media 
wi th  nondiagonal s u c c e p t i b i l i t y  -i; ensor  i s  o f  great 
i n t e r e s t ,  because t h e  wave equat ion d o e s  no t  reduce 
t o .  t h e  s c a l a r  form i n  t h i s  case  and t h e  number o f  
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134 s .v. S H I Y A N O V S I < I I  

new f e e t i i r e s  should  be obse rved :  dependence o f  dis- 
p e r s i o n  c u r v e s  on p r o p a g a t i o n  d i r e c t i o n ,  -the comp- 
lex p o l a r i z a t i o n  of SINS e t  al. The i d e a l  example 
of such a medium is  CLC wi th  t h e  h e l i c a l  n t r u c t u r e .  

DISPERSIOX CURVZS OF SURFACE W.4VES 

S Z i s  in homogeneous media are TLI-modes. SEWS f o u n d  
i n  p a p e r s  3 9 4  a r e  TE-modes. S 3 k  i n  CLC a r e  n e i t h e r  
TZ-modes n o r  TLI-modes, because  d e c r e a s i n g  waves i n  
CLC a r e  e l l i p - c i c a l l y  p o l a r i z e d .  T h e r e f o r e  a l l  de- 
c r e a s i n g  s o l u t i o n s  of wave equa t ion  i n  CLC and 
substraLE: shou ld  be t aken  i n t o  a c c o u i l  

where Re(g . )  > G ,  h2 = k2- 
J C p i.s t h e  h e l i c a l  p i t c h .  

S3Vs e x i s t  i f  fo rmulas  (1  ) a r e  c o n s i s t e n t  and 
s a t i s f y  four c o n t i n u i t y  c o n d i t i o n s  on the  boun- 
d a r y  (z=O) foi; t a n g e n t i a l  components of  e l e c t r i c  
and magne.tic f i e l d s .  In - t h i s  c a s e  t h e  c o n d i t i o n s  
for normal components are s a t i s f i e d  i d e n t i c a l l y  

e l e c t r i c  f i e l d  is  a d j u s t e d  by Eox and E whereas 

two remain ing  c o n d i t i o n s  de t e rmine  t h e  d i s p e r s i o n  
c u m e s  of  SENs. 

k . c  E ). C o n t i n u i t y  of t h e  -1c.c H H z =  -. ( D7= -- W Y  d w Y '  
O Y  

T h e  d e c r e a s i n g  waves caused by f i r s t  o r d e r  
Bragg d i f f r a c t l o n  a p p e a r  i n  the r e g i o n  k z k B  - - 

6 
- - -  2TT c o t  8 where Brag@ a n g l e  i s  de termined  by 33' P 

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

1:
44

 1
9 

Fe
br

ua
ry

 2
01

3 



SURFACE WAVZS IN CHOLESTERICS 135 

and 

( E l ,  f €1 1 9  %c= 7 6= ( E,, - €1 I / (  E,, + €1 1 1 

Three c a s e s  a r e  p o s s i b l e  as a f u n c t i o n  o f  8 ,  
mismatch parameter  

a) no d e c r e a s i n g  waves and t h e r e f o r e  no SEWS, 
b )  1 d e c r e a s i n g  wave, c )  2 d e c r e a s i n g  waves. Cor- 
responding  r eg ions  a r e  denoted by 0 , l  ,2 i n  Fig.1. 

t e n c e  o f  SEWS i n  r eg ions  wi th  d e c r e a s i n g  waves. 
I n  t h e  r eg ions  1 for a given  a n g l e  8, t h e  c o n t i -  
n u i t y  c o n d i t i o n s  de te rmine  t h e  va lue  of  b and 
ang le  y/ be-Lween SZd v e c t o r  li and d i r e c t o r  I\J oI 

on t h e  i n t e r f a c e .  S u b s t i t u t i n g  formulas  ( 1 )  i n  
boundary c o n d i t i o n s  one can ca l cu la t e  dependences 
A ( 8 , )  and Y(QB) ( cu rves  a and b i n  Figs. 1 and 2 ) .  

In  r eg ion  2 ShTls in t h e  CLC a r e  t h e  superpo- 
s i t i o n  o f  two d e c r e a s i n g  waves and t h e  r a t i o  of 
wave a n p l i t u d e s  i s  t h e  addi t i .ona1 a d j u s t a b l e  pa- 
ramet e r  f o r  c o n t i n u i t y  cond i t ions  . A s  a r e s u l t  
t h e  exis-Lence ranges f o r  SEVs extend c o n s i d e r a b l y ,  
because on ly  one c o n d i t i o n  i s  s u r v i v i n g  for A 
and y / ,  and one o €  them may be preset ,  independent- 
l y .  There a r e  two SEls f o r  each va lue  o f  8 ,  and 

in r e g i o n  2. Yropagation d i r e c t i o n s  o f  t h e s e  
SEfJs a r e  determined by m g l e s  \y 
The dependences shown i n  Pigs .  1 and 2 were ca lcu-  
l a t e d  at Esub/ elc= 0.4., however f e a t u r e s  o f  SEWS 
were almost independent o f  t h i s  r a t i o  

l e t  u s  cons ide r  the c o n d i t i o n s  for t h e  ex i s -  

- - 

and y12 (P ig .2) .  1 
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I36 S. V. S H I Y A N O V S K I I  

FIGURE 1. Regions w i t h  d i f f e r e n t  number of  
decreas ing  waves. Dispersion curves of SEWs, 
e x i s t i n g  i n  regions 1, are denoted a and b. 

FIGURE 2. Propagation d i r e c t i o n s  of SEWS. Deno- 
t i o n  as i n  Fig.1. Regions wi th  d i f f e r e n t  hat- 

and ct/ ). Propagation i s  forbidden i n  unhat -  Yl ching correspond t o  two d i r e c t i o n s  (angles  

ched 2regions.  

Thus the  c a l c u l a t i o n  showed that SEWs wi th  
frequency w a t  w>wl=  ( G - 1 ) 2 ~ ~ c i < / p  ( 8 , ~  Q,, 
O1=24.5O) can propagate 
as f o r  w1 > w p  wr= 27i-c E , ~ / ( P  d-1 ( 8,  
c 8, < 8,- t o t a l  r e f l e c t i o n  a n g l e )  propagation i s  

i n  any d i r e c t i o n ,  where- 

~ 

poss ib le  i n  the  confined s e c t o r s  only.  The SEW 
pene t r a t ion  depth i n  CLC is  of the o rde r  of p / g  
and depends s t rong ly  on the  propagation d i r e c t i o n .  
A t  w C wr no SEW e x i s t s .  

EXCITATION OF SEWS BY ATR METHOD 
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SURFACE WAVES IN CHOLESTERICS 137 

radiative modes and propagate along the interface 
of the nonabsorbing media without damping. The 
phenomenological correction for absorption Elc-- 
-& 
wave vector k-k+i fk/(2cos ), but the SEW struc- 
ture i s  maintained when $> 3. 
tion of the surface polaritons in homogeneous 
media? can be used for SEWS excitation. Let us 
consider the ATR method. ATR spectrum can be ob- 
tained in the modified Otto configuration (Fig.3), 
where half-spherical coupling prism and CLC are 
spaced by the thin l aye r  of the isotropic sub- 
strate with small permittivity I sub 
In this case the preset value of A is adjusted by 
the light incidence angle 6 and the coupling 

(l+ir) provides the imagine addition into lc 

The various methods, developed for investiga- 

- p r *  Elc' 

prism rotation determines the angle y. 

-90 0 Y 
FIGURE 3 .  Excitation of SEWS by the ATR method. 
Extremal reflection coefficients %lax(- - -) 
and Rmin(-) are calculated at Ipr= ElC=2, 

Q =  QB=4Oo, A =0.12, d/p=4, f / s  =O.O?. 
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138 S .V. SKIYANOVSKII 

The ex t r ema l  r e f l e c t i o n  c o e f f i c i e n t s  a r e  

shown in Fig.3 as f u n c t i o n s  of  angle Sy at t y p i -  
ca l  v a l u e s  i n  the  r e g i o n  2. Two d i p s  a r e  observed 
that  a r e  co r re spond ing  t o  two SEWS. An e l l i p t i -  
c a l l y  p o l a r i z e d  beam s h o u l d  be used  t o  o b t a i n  t he  
maximum d i p .  For  a l i n e a r l y  p o l a r i z e d  beam t h e  
d i p  ampl i tudes  a r e  about  half of t h e  m a x i m a .  Thus 
SEWS can  be e x c i t e d  e f f i c i e n t l y  by t h e  ATR method. 

f o r  h e l p f u l  d i s c u s s i o n s .  
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