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The e f f e c t  o f  o r i e n t a t i o n a l  f l u c t u a t i o n s  i n  nematic 
l i q u i d  c r y s t a l s  on the  ex is tence o f  evanescent modes 
o f  a t ransmi t ted  electromagnetic waves i s  discussed. 
I t i s  shown t h a t  the r a t i o  o f  evapescent t o  a l l  
(homogeneous and evanescent) modes i s  a func t i on  o f  
the o r i e n t a t i o n a l  d i s t r i b u t i o n  func t ion .  The r a t i o  
a l lows f u r t h e r  i n s i g h t  on the determinat ion o f  the  
o r  i e n t a t  iona t potent  i a  1 energy func t ion .  

The ex is tence of evanescent waves i n  l i q u i d  c r y s t a l s ,  
created by the incidence o f  an a r b i t r a r y  electromagnetic 
f i e l d  has been recen t l y  
fea tures  o f  evanescent wave propagation inc lude the  f a c t  
t h a t  surfaces o f  constant phase may be a t  a r b i t r a r y  angles 
t o  surfaces o f  constant ampli tude, w h i l e  a t  the  same t ime 
the evanescent mechanism precludes ne t  energy t r a n s f e r .  The 
importance o f  evanescent wave ampli tudes and t h e i r  nature 
i n  the  s t r u c t u r e  o f  general f l u i d s  has been recognized by 
Her tz fe ld '  . 

presented by Mor i tz ' .  S t r i k i n g  

I t  has been pointed ou t  i n  re ference 1 t h a t  there  w i l l  
be o s c i l l a t i o n s  i n  the r a t i o  o f  evanescent t o  homogeneous 
modes i n  d i r e c t  correspondance w i t h  the  order  parameter. Th is  
l e t t e r  develops the  methodology f o r  determining the  depen- 
ce of the  t ransmi t ted  wave on the o r i e n t a t i o n a l  f l u c t u a t i o n s  
and consequently the o r i e n t a t i o n a l  d i s t r i b u t i o n  func t i on  f o r  
a simple Saupe-Maier type theory. 

P a r t i c u l a r  i n t e r e s t  i n  the  e f f e c t  o f  f l uc tua t i ons  on 
evanescence i s  generated by the  need t o  understand d i r e c t o r  
f l u c t u a t i o n s  i n  l yo t rop i cs ,  f o r  instance DPPC-water mix ture,  
which have two-dimensional phases3. The DPPC-water mix tu re  
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178 E. MORITZ 

is similar to a two-dimensional 
tion of the bond direction is the physical analog of the 
molecular axis in a thermotropic nematic. Thus, results 
developed for conventional nematics may also have applications 
in lyotropic systems and, by extension of Brown and Wolken's 
results and conjectures, to biological strucreslf 

nematic where the orienta- 

The remainder of the letter utilizes the conventions 
and nomenclature of reference 1 ,  where the coefficients 
n. ( i = l  ,2) presented in the expression for s2 are defined 
by the rule ni=mi/ai and where mi are integers and ai are 
characteristic lengths of the liquid crystal. These may 
arise from the particular boundary conditions imposed as 
well as material parameters (the lack of experimental data 
in this area makes appropriate identification difficult). 

I 

In real systems there exist fluctuations in a variety 
of quantities such as density, temperature, as well as 
orientational fluctuations. We wish to restrict ourselves 
to consider those fluctuations in orientation that are des- 
cribed by the orientational distribution function! Specifical- 
ly the orientational distribution function p(cosa) describes 
the probability of figding a molecule at a prescribed angle 
a from the director n. The functional dependence of p is 
given by: 

p(cosa) = Z-lexp{-BV(cosa) I 

where B=l/kT, k being Boltzman's constant, T the temperature, 
V the potential function,and Z the partition function given 
by: 

Z = 01' d(cosa)expl -BV(cosa)). 

The conditions for transmitted evanescent waves are' : 
- 2 2 2  2 

s2 = no ( P  +q )>k for ordinary rays 

for extraordinary rays, 

accordingly one may define the threshold values of s 
as s = tnok and s = +nek as threshold values 
such ?RAP when s excee8Stkhese values the appropriate 
transmitted wave is evanescent. 
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EFFECTS OF FLUCTUATIONS ON EVANESCENCE IN NEMATICS 179 

If we now assume a p a r t i c u l a r  choice 
exper imenta l ly ,  such t h a t  f o r  a g iven angle go between 
the  i nc iden t  electromagnetic f i e l d  and the d i r e c t o r ,  the 
cond i t i on  f o r  evanescent (o rd inary )  t ransmi t ted  wave i s :  

o f  ni, determined 

then i t  i s  obvious t h a t  when 
evanescent w h i l e  angles where t h i s  i s  no t  t r u e  w i l l  lead 
t o  homogeneous modes. 

sin8>sineo a l l  waves w i l l  be 

Le t  0 < 8 < ~ / 2  and the  ac tua l  f l u c t u a t i n g  angle 0 between the Tncident  f i e l d  and the d i r e c t o r  be 8 = Bo+a, 
we a re  now in te res ted  i n  f i n d i n g  the  p r o b a b i l i t y  o f  f i n d i n g  
a such t h a t  
de f ined by: 

O< - -  a<-1r/278~. I t  i s  now easy t o  see tha t  Re 

cosy Re = Z- lx  01 d(cosa)p(cosa) 

i s  the  r a t i o  o f  evanescent t o  a l l  poss ib le  modes when y=&r.-0,. . _  

Figure 1 dep ic ts  the  r e s u l t s  o f  c a l c u l a t i o n  f o r  R vs. 
y using the simple 
func t i on  
a q u a n t i t y  which depends on i n t e r p a r t i c l e  spacing but no t  on 
o r i e n t a t i o n  and S i s  the order  parameter (un iax ia l  l i q u i d  
c r y s t a l s ) .  The r e s u l t s  a re  presented fo r  the cases where 

The case of AOS/kT ~ 2 . 0  i s  
e s s e n t i a l l y  the value pred ic ted  by the  Maier-Saupe theory f o r  
a f i r s t - o r d e r  phase t rans i t i on !  

Saupe-Maier theory where the p o t e n f i a l  2 V= -AoS(3cos.-a -1)/2 where A0 i s  V has the  form 

AOS/kT = 0.2, 2.0, and 20.0. 

The r e s u l t s  o f  parametric v a r i a t i o n s  o f  S,T o f  an 
extens ive na ture  are l e f t  t o  f u t u r e  communications, however 
i t  i s  ev ident  t h a t  i n  the neighbourhood of a phase t r a n s i t i o n  
the r a t i o  Re increases exponent ia l l y ,  f o r  a l l  cases an 
i nc iden t  wave p a r a l l e l  t o  the  d i r e c t o r  n w i l l  always produce 
evanescent waves f o r  the appropr ia te  boundary cond i t ions(  these 
are  then simple electromagnetic sur face waves) w h i l e  l a rge  
values of S/T lead t o  vanish ing con t r i bu t i ons  from evanescent 
modes f o r  a l l  angles not  c lose  t o  graz ing angles w i t h  the 
d i rec to r .  

It i s  a l s o  poss ib le  from t h i s  curve t o  note t h a t  
the d e r i v a t i v e  8Re/8(cosy)=p(cos y), thus present ing an 
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1.0 
Y 0.0 

FIGURE 1 The dependence o f  Re ( r a t i o  o f  evanescent 
t o  a1 1 modes) on y, 
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EFFECTS OF FLUCTUATIONS ON EVANESCENCE IN NEMATICS 181 

a d d i t i o n a l  method fo r  ob ta in ing  the or ientadon d i s t r i b u t i o n  
f unc t  1 on. 
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