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(Submitted f o r  pub l i ca t ion  J u l y  10, 1979) 

INTRODUCTION 

The magnetic f i e l d  dependence of t h e  capaci tance of a 
t w i s t e d  nematic l aye r  has been analysed by Shtrikman e t  a l c l )  
who found only moderate agreement between t h e i r  theory  and 
the  experimental  r e s u l t s  of Gerritsma e t  a1(2) .  
i n v e s t i g a t e  the  vol tage  dependence of  the  capaci tance of a 
t w i s t e d  nematic l i qu id  c r y s t a l  l aye r  j u s t  above threshold  
and present  experimental r e s u l t s  obtained over a range of  
temperatures wi th  t h e  nematic mixture g. Agreement be- 
tween theory  and experiment i s  s a t i s f a c t o r y  a t  a l l  tempera- 
t u r e s .  

Here we 

THEORY 

The d i r e c t o r  conf igura t ion  i n  a t w i s t e d  nematic l aye r  
ac ross  which t h e r e  i s  a p o t e n t i a l  d i f f e rence  i s  determined 
by t h e  requirement t h a t  t he  e l a s t i c  and e l e c t r i c  f r e e  
energ ies  of  the  l i q u i d  c r y s t a l  be *) . An 
a l igned  l aye r  o f  a nematic sample wi th  p o s i t i v e  d i e l e c t r i c  
an iso t ropy  and zero  sur face  tilt shows a w e l l  def ined 
Freedericksz t r a n s i t i o n  vo l t age  Vc. We have ca lcu la ted  the  
l i n e a r  v a r i a t i o n  of t he  capaci tance of t h e  sample wi th  
vo l t age  j u s t  above t h i s  th reshold  from l inea r i zed  s o l u t i o n s  
of  Deul ing 's  equat ionst3) ,  and f o r  a l aye r  wi th  a t o t a l  
t w i s t  angle  0 and zero  su r face  tilt we f ind  t h a t  

C l  and C a r e  r e spec t ive ly  the  capaci tances  of  the  undis- 
t o r t e d  t w i s t e d  l aye r  and of t he  l aye r  d i s t o r t e d  by an 
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CAPACITANCE SLOPES OF TWISTED NEMATIC LAYERS 65 

applied voltage V > Vc, v = (V-Vc)/Vc and 7 = ( E 
II where E cl a r e  the p a r a l l e l  and perpendicular components 

of the e l e c t r i c  pe rmi t t i v i ty  of the sample. 
a r e  given i n  Table 1 f o r  a va r i e ty  of t w i s t  angles and 
e l a s t i c  constant r a t i o s .  We see t h a t  our r e s u l t  reduces t o  
t h a t  of Gruler e t  al(')when @ = 0 and t h a t  i n  t he  one con- 
s t a n t  approximation (kll = k,, = kS3) F(k) i s  independent 
of @. When k33=2k22 ( a s  i s  more o r  l e s s  the case f o r  many 
nematic mater ia ls)  the Freedericksz t r a n s i t i o n  voltage f o r  
the layer  i s  independent of @ and the  i n i t i a l  slope of t he  
capacitance-voltage curve of the layer  increases with i t s  
t o t a l  t w i s t .  F ina l ly  we note t h a t  t he  expression of 
Shtrikman e t  a 1  (')for the l i nea r  va r i a t ion  of the capaci- 
tance of a 90" twisted nematic l aye r  with an applied magne- 
t i c  f i e l d  H > H , the Freedericksz threshold f i e l d ,  can be 
retr ieved from 71) by s e t t i n g  @ = 90' and y = 0 i n  the de- 
nominator and in t e rp re t ing  v a s  (H-H,)/Hc. 

- E ~ ) / E ~  

II ' Vc and F(k) 

EXPERIMENT 

The capacitance voltage curves of a 25pm t h i c k  twisted 
nematic layer  aligned by 100 8 of SiO evaporated a t  30' 
incidence have been measured a t  a v a r i e t  of temperatures 

voltage and slope a t  threshold of each curve were determined 
by inspect ion,  bearing i n  mind the problems inherent i n  t h i s  
procedure when it i s  applied t o  the capacitance voltage 
curve of an untwisted layer(") .  Twisted layers  thinner 
than 25pm show a poorly defined threshold. 
and E were found by analysing the capacitance voltage 
curve of a zero tilt, p a r a l l e l  aligned l aye r ,  
determined by Meyerhoffer's extrapolat ion proce ure c7Jand 
k,, and k33 by use of a two parameter, non-linear l e a s t  
squares f i t t i n g  programme. kZ2 was then calculated from 
the threshold voltage of the twisted layer .  It i s  estimated 
t h a t  the e r r o r s  i n  the measurements a r e  1% i n  y ,  2% i n  k l l ,  
10% i n  k,, 

using a previously described technique (J . The threshold 

kll, k33, e l l  
1 

"a. being 

and 5% i n  kZ3. 

Measurements were made on the commercial mixture 
which comprises the  following (by weight) 
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c 8 H 17 O W "  

2 5 %  

1 6'10 

c5 H1l #-#-@N a Qio 

Table 2 shows the measured e l a s t i c  constants, and peromit- 
t i v i t i e s  of over t he  temperature range 1 C t o  55 C while 
Table 3 compares t h e  corresponding experimental and calculated 

TABLE 2 P e r m i t t i v i t i e s  and e l a s t i c  constants 
of Ef. The e l a s t i c  constants a r e  presented i n  
units of newtons. E7(' c l e a r s  over t he  
temperature range 5 8 O c  t o  6OoC. 
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Observed ( v o l t s  -I) 

1.48 

61 

Calculated (vo l t s - l )  

1.47 

T(OC) 

1 

10 

20 

30 
40 

50 

55 
i 

1.51 

1.53 
1.59 
1.61 
1.70 

1.69 

1.51 

1.58 
1.54 

1.62 

1.64 
1.61 

, 

TABU 3 Observed and calculated i n i t i a l  slopes of 
t h e  capacitance voltage curves of a 25pm t w i s t e d  
( $  = 90°) l aye r  of Q .  

slopes of t he  capacitance voltage curve of a t w i s t e d  
layer  of E7. The agreement between theory and experi- 
ment i s  qu i t e  s a t i s f a c t o r y  and j u s t i f i e s  the accuracy 
quoted f o r  the e l a s t i c  constants and p e r m i t t i v i t i e s .  
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