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ABSTRACT: The ex i s t ence  of  a s p e c i a l  type of  e l e c t r o -  
magnetic o s c i l l a t i o n s  i n  l i q u i d  c r y s t a l s  i s  brought ou t .  
The Saupe-Maier form o f  t h e  Lorentz-Lorenz equat ion f o r  
nematics i s  used t o  show t h a t  t h e r e  a r e  fou r  e l e c t r o -  
magnetic modes f o r  each inc iden t  frequency a s  opposed 
t o  t h e  commonly accepted two modes. For a nematic 
occupying t h e  h a l f  space z>O t h e  r e s u l t s  of an angular  
spectrum decomposition show t h a t  t h e  phase v e l o c i t y  of 
t h e  inhomogeneous evanescent  waves a r e  sma l l e r  than 
t h a t  o f  t he  a s soc ia t ed  homogeneous wave. Impl ica t ions  
of  t h e  ex i s t ence  of evanescent  waves i n  t h e  smect ic  
and c h o l e s t e r i c  phases a r e  d iscussed .  

I t  i s  t h e  purpose of t h i s  b r i e f  communication t o  a l e r t  
i n v e s t i g a t o r s  o f  t he  ex i s t ence  of a t ype  of e lec t romagnet ic  
waves not  commonly d iscussed ,  which have not h e r e t o f o r  
been considered i n  the  contex t  of  t he  l i q u i d  c r y s t a l l i n e  
phases .  These waves a r e  t h e  inhomogeneous o r  evanescent 
waves. In  c o n t r a s t  with p lane  waves, t hese  waves have 
s u r f a c e s  of cons t an t  phase t h a t  do not  rmcessar i ly  co inc ide  
with the  s u r f a c e s  of cons tan t  ampli tude.  Furthermore,  t h e r e  
i s  no  n e t  energy t r a n s f e r  v i a  t he  evanescent mechanism. 

To i l l u s t r a t e  our  d i scuss ion ,  cons ider  t h e  case  of a 
nematic occupying t h e  h a l f  space z>O. Without any reder iva-  
t i o n ,  we may use  t h e  Saupe-Maierl form of t h e  Lorentz- 
Lorenz2 equat ions  which fol low the  Neugebauer’ f i e l d  f o r  a 
u n i a x i a l  c r y s t a l .  The Lorentz-Lorenz equat ions then take 
t h e  form: 

6 3  
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wherer, and 0, a r e  t h e  ind ices  of  r e f r a c t i o n  of t he  e x t r a -  
o rd ina ry  and o rd ina ry  waves, r e s p e c t i v e l y ,  and where A1 
and A 2  ( A 1  + 2 A 2  = 0) a r e  parameters  of  t h e  c r y s t a l  s t r u c t u r e  
The components of  t h e  p o l a r i z a b i l i t y  t e n s o r  c i l  and a l  I a r e  

obtained from the  f u l l  express ion  u 
where S 

= ao6 + u S 
aB "6 a UB i s  t h e  o rde r  parameter ,  

aB 

We rep resen t  t h e  inc iden t  e l e c t r i c  and magnetic f i e l d s  
by : 

+ +  - i w t l  
H ( r , t )  = Re{;o(T)e 

and proceed with a s e l f  c o n s i s t e n t  a n a l y s i s  t o  ob ta in  t h e  
f i e l d  i n s i d e  t h e  nematic as a supe rpos i t i on  of t h e  inc iden t  
f i e l d  and the  induced d i p o l e  f i e l d  ( spec ia l  cases  a r e  d i s -  
cussed by Moritz and Frankl in4 ,  re ferences  t h e r e i n ,  and by 
Sengupta and Saupe'). E ua t ions  (1) along with the  Ewald- 
Oseen e x t i n c t i o n  theorem2 form t h e  complete s e t  of equat ions  
necessary  f o r  t he  s o l u t i o n  of  t h e  molecular o p t i c s  of a 
nematic f o r  i nc iden t  f i e l d s  descr ibed  by Equation ( 2 ) .  

6 Shewell and Wolf 
t he  inc iden t  e l e c t r i c  wave can be given by t h e  angular  
spectrum composition : 

have shown t h a t  t h e  s p a t i a l  p a r t  of 

+ 
with F(p,q)  be ing  t h e  (complex) vec to r  s p e c t r a l  ampli tudes.  
When we s e t  z=O i n  Equation (3) and t ake  t h e  Four ie r  i nve r se ,  
we f i n d  t h a t  t he  s p e c t r a l  ampli tudes are n a t u r a l l y  r ep re -  
sen ted  by t h e  boundary va lues  of  t h e  inc iden t  f i e l d  i n  the  
z=O p l ane .  Thus Equation (3) r ep resen t s  a t r u e  mode 
expansion, where every p lane  wave is  a s o l u t i o n  of t h e  
Helmholtz equat ion f o r  t he  medium. When s2 = .< k 2  
we have homogeneous p lane  waves, while  f o r  s 2  
have inhomogeneous o r  evanescent  p lane  waves, where k = w/c 
i s  the  wave number of t h e  i n c i d e n t  f i e l d .  The evanescent 
waves decay exponen t i a l ly  wi th  inc reas ing  va lues  of z .  

i2 we 

To ob ta in  t h e  t r ansmi t t ed  ( r e f r ac t ed )  ord inary  and e x t r a -  
o rd ina ry  waves i n  terms o f  the  angular  spectrum rep resen t  a- 
t i o n ,  let  p+pf=p/no (p/qe) and q+q'=q/oo(q/qe) .  The ind ices  
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Q 
TRe r e f l e c t e d  wave exponents a r e  obtained from t h e  f a c t  
t h a t  t h e  sum of  f r a c t i o n s  of  t r ansmi t t ed  and r e f l e c t e d  
amplitudes i s  un i ty .  

and Q, are obtained from t h e  Saupe-Maier r e l a t i o n  (1). 

We n o t i c e  without  proof  t h a t  t h e  r ec ip roca l  wavelength 
of  t he  evanescent wave i s  Is I ,  and t h a t  t h e r e  a r e  fou r  wave- 
lengths  o f  t h e  f i e l d s  i n s i d e  t h e  nematic (two d i r e c t i o n s  
each having evanescent and homogeneous components) and t h a t  
f o r  a given inc iden t  frequency w ,  t h e  phase v e l o c i t y  of  t h e  
evanescent wave is  sma l l e r  than t h a t  of  t h e  homogeneous wave. 
In  add i t ion  t o  a l l  t he  above, t h e r e  w i l l  be o s c i l l a t i o n s  i n  
t h e  r a t i o  o f  evanescent t o  homogeneous modes t h a t  a r e  i n  
d i r e c t  correspondence with t h e  o rde r  parameter t e n s o r  S 

aB - 
I f  we have waves t h a t  a r e  inc iden t  a t  an angle  8 t o  t h e  

d i r e c t o r  G ,  where @k i s  the  azimuthal  angle  of t he  inc iden t  
wave vec to r ,  we can o b t a i n . t h e  condi t ion  f o r  allowed modes: 

2 
s 2  = (Anl + s i n e  C O S @ ~ )  + (An2) 

t h e  wavelength i s  r e l a t e d  t o  t h e  wave number by A = 2n/k .  
With the  a i d  o f  molecular  s t r u c t u r e  r e l a t i o n s  i t  i s  then 
p o s s i b l e  t o  ob ta in  a v a r i e t y  of  c r i t i c a l  angles  which w i l l  
be descr ibed i n  a forthcoming paper .  

We expect t h a t  i t  w i l l  be p o s s i b l e  t o  d e t e c t  t h e  
evanescent modes through s h i f t s  of l i g h t  beams. The e f f e c t  
should be q u i t e  pronounced i n  the  smect ic  and c h o l e s t e r i c  
phases  due t o  mul t ip l e  s h i f t s  due t o  a more cons t ra ined  
mul t i l aye r  s t r u c t u r e .  7 
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