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LIGHT TRANSMISSION OF NEYATIC L I Q U I D  CRYSTALS 

H.W. BODMANN, P.M. KNOLL, U. RICKLEFS 
UNIVERSITY KARLSRUHE,KAISERSTR.l2,GERMANY FR 
(Submit ted for  Publication March 5 ,  1980) 

ABSTRACT 
The l e t t e r  desc r ibes  some r e s u l t s  obtained 
from measurements of  r e g u l a r  and s c a t t e r e d  
t ransmiss ion  w i t h  nematic l i q u i d  c r y s t a l s .  
A q u a l i t a t i v e  model o f  r e g u l a r  t ransmi t tance  
i s  given. 

I N T R O D U C T I O N  
Nematic Liauid C r v s t a l s  (NLC)  can be used 

f o r  continuous c o n t r a s t  v s r i a t i o n  of a t a r g e t  
observed through t h e  NLC '. With inc reas ing  v o l t -  
age apDlied t o  the  c e l l  r egu la r  t ransmission de- 
c r e a s e s  and s c a t t e r e d  t ransmiss ion  inc reases .  
These c h a r a c t e r i s t i c s  have been inves t iga t ed  with 
fou r  substances produced bv Merck GmbH: 
1.  Nematic phase 8 A ,  a mixture yf Sch i f f  bases 

( conduc t iv i tv  4. 10-lOfl'l cm- , temperature 
ranae -100C.....+60°C) 

2 .  Nematic DhaSe 9A, a m i  t u r e  of aromatic es- 

3. Z L I  997, a m'xtu e of  azoxvs and biphenylester 
t e r s  (IO-%-'cm-', -20 '6 C . .  . . . . +6OoC) 

(1 .3 .m-  9n-+cm-3i9 - 40c.. . . . +780) 
4. ZLI  971, a highly-doped mixture of azoxys 

and a nema i c  s t e  , ad jus t ed  t o  a conductix- 
i t v  of IO-'L -$ern-' bv undoDed Z L I  207 (-10 .. 
+80°C) 
The NLC-cells were Drepared according t o  t h e  

method descr ibed bv Knoll and Cremers2. The thick- 
ness  of t h e  l a y e r  was 10 pm and t h e  d i r e c t o r d t h e  
molecules was o r i en ted  normal t o  t h e  g l a s s  sur -  
face.  

Fig.1 shows t h e  Dhotometric arrangement. A 
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\ I 

FIGURE 1 .  Scheme o f  t h e  photometric device 

FIGURE 2. I n t e r n a l  r e g u l a r  t ransmi t tance  o f  
f o u r  nematic substances i n  r e l a -  
t i o n  t o  t h e  r e c i p r o c a l  vo l tage  
a m l i e d  t o  t h e  c e l l s .  
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p a r a l l e l  beam of l i g h t  o r i g i n a t i n g  from a tung- 
s t e n  halogen lamn i s  p ro jec t ed  through t h e  NCL- 
c e l l  onto a diaphragm B2 and focused bv l e n s  L2 
on a very narrow opening B3 w i t h  t h e  photodetec- 
t o r  j u s t  behind. Lamphouse, l e n s  L l ,  diaphragm 
Bq and the NLC-cell a r e  mounted on a tu rnab le  
a r m  t o  measure s c a t t e r e d  l i g h t  a t  va r ious  angles  
& t o  the  o p t i c a l  a x i s  while a t  a = 0 only regular  
t r ansmi t t ed  l i g h t  i s  measured. 

TRANSMISSION CHARACTERISTICS 
Fig.  2 shows t h e  i n t e r n a l  r e g u l a r  t r a n s -  

mi t tance  of the  f o u r  subs tances  on a l o g  s c a l e  
a s  a func t ion  of t h e  r e c i m o c a l  vo l tage  U appl ied 
t o  t h e  c e l l s .  Refer r ing  t o  t h e  f u l l  l i n e  ( Z L I  
971) po in t  S i n d i c a t e s  t h e  formation of Williams 
domainsand p o i n t  K the beginning of hvdrodvnamic 
s c a t t e r i n g .  Beyond p o i n t  F t h e  secondarv hvdro- 
dynamic s t r u c t u r e  i s  formed. 

r e g u l a r  t ransmi t tance  can be descr ibed  sec t iona l ly  
Within t h e  vo l t age  range Us<U UF the  i n t e r n a l  

Kl UK< U < U F  
by 

(1) 

a= A1 e x p ( r )  

where UK i n d i c a t e s  the vol tage  of t r ans i t i on .The  
c o n s t a n t s  A and K can be determined from Fig.  2 
(see Table 1 ) .  For t h e  substances i n v e s t i g a t e d  

Table 1 Constants  der ived  from F ig .  7 
K~ [VJ K~ ~vl A ~ .  10-3 A ~ .  10-3 

ZLI 971 46.4 28.6 0.80 4.62 
ZLI  997 39.5 26.8 1.49 7.16 
N.P. 8 A  38.0 23.1 0.59 5.79 
N.P. 9A 29.6 13.6 15. 4 31. 6 

we found 
l W A l  

Og 2 
2 ~ 1 . 5 6  =*I .33 (2) 
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FIGURE 3. Angular i n t e n s i t y  d i s t r i b u t i o n s  
of t r a n s m i t t e d  l i g h t  ( Z L I  971). 

FIGURE 4 .  I l l u s t r a t i o n  of f l o w  p a t t e r n  
t h e  Williams domain range. 
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Fig. 3 shows t v p i c a l  angular  d i s t r i b u t i o n s  
of t r a n s m i t t t e d  l i g h t  a t  i nc reas ing  vol tages .  
I i s  t h e  luminous i n t e n s i t v  p l o t t e d  on a l o g  
s c a l e  r e l a t i v e  t o  1, ( U = O , a = O ) .  The curve f o r  
U=O r e p r e s e n t s  t h e  ins t rumenta l  Dro f i l e  of t h e  
anpara tus  due t o  r e g u l a r  t ransmiss ion  of t h e  NLC. 
A t  U d J s  t h e  Williams domains form a r e g u l a r  
g r a t i n g  p a t t e r n  exh ib i t ed  bv t h e  two peaks a t  
small  angles .  According t o  Bragg's equat ion t h e  
g r a t i n g  cons t an t  i s  somewhat l a r g e r  than t h e  
th i ckness  of t h e  l a v e r  3. With h igher  vo l t ages  
l i g h t  s c a t t e r i n g  occurs  i n s r e a s i n g s l y  both i n  
q u a n t i t y  and angular  width a t  t h e  c o s t  o f  regu- 
l a r  t ransmission.  

QUALITATIm MODEL OF REGULAR TRANSMISSION 
We cons ider  a system o f  c y l i n d r i c a l  v o r t i c e s  

i l l u s t r a t e d  i n  Fig. 4 with decreasing flow velo- 
c i t i e s  towards o u t e r  zones of a v o r t i x .  
The v o r t i c a l  dimension D ( s e e  F ig .  4 )  i s  l i m i t e d  
by s t i f f  boundary l a v e r s @ €  th i ckness  d which 
a r e  p ropor t iona l  t o  I / U  . 
Hence we ob ta in  
( 3 )  D = Do (1 -,-) cons t  

It  i s  assumed t h a t  t he  boundary l a y e r s  do not  
c o n t r i b u t e  t o  s c a t t e r i n g  however a l i g h t  beam 
pass ing  through a v o r t i x  w i l l  be p a r t i a l l y  s c a t -  
tered due t o  t h e  change of molecule o r i e n t a t i o n  
wi th in  t h e  v o r t i x .  The a t t e n u a t i o n  of an elemen- 
ta ry  l i g h t  beam shown i n  Fig.4 i s  given by t h e  
law of e x t i n c t i o n .  Since t h e  e f f e c t i v e  pathlengh 
f o r  t h e  average of a l l  elementary l i g h t  beams 
i n c i d e n t  from 'above' onto a number of v o r t i c e s  
wi th in  t h e  a p e r t u r e  o f  t h e  photometer i s  propor- 
t i o n a l  t o  D we ob ta in  
( 4 )  R 

U 
= exD(-const D) = A exp(-) 

where A and K a r e  cons t an t s  f o r  a given flow 
p a t t e r n  of a c e l l .  
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