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"RE CA?ACTTI\loCE RESPOloSE OF k HOMBEIWUS PARALLEL 
fiLIGiWl "IGTIC SAMPLE To ELECTRIC AND MAGNETIC FIELDS 

8 J A 'POUGH and E i.' RAYNES 
Royal Signa3s an6 Hadar Establishment, Malvern, Worcs. 
WR14 QPS, U.K. 

(Submitted for publication June 7, l g 9 )  

3 '7' 3 i~~&u;'TIOpI 

The iiaearised S,lcrvy of Gruler e t  al!l)( hereafter 
referred t o  as G.3. i I . j ,  which @ves the in i t i a l  slopes of 
t;&e capticitawe vc2wge (C .V. ) and capacitance magnetic 
f i e l d  inbeneity (C.H.) c w e s  of homogeneous, parallel 
klif?ml newtic samples with zero surface tilt, has formed 
the lasis of mnby detcrrinations of their splay and bend 
alasCic constants @) 
rrf the rtc:;.. over which this thecry is valid and discusses 
the inpUco:3ons of our i'iudings for the experimental deter- 
xzlmtiort of %he elastic constants of nematic materials. 

This l e t te r  describes an investigation 

The fi?+st o r d e ~  tinalysis of the C.V. curve given by 
G.3.X. has been extended to  second order to  give the result 

Bere v = (V - Vc)/Vc, where V is the potential difference 
aoross the nematic sample tind is greater than V,, the 
3'r&edericksz transittot\ voltage. C and Cl are the capaci- 
tances of the  distorted and undistorted samples respectively; 
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20 R J A TOUGH and E P RAYNES 

K = (k33 - k l l ) /k l l  and 7 = ( € 1 1  - c l ) / c l ,  using the conven- 
t i o n a l  notations f o r  e l a s t i c  constants and p e r m i t t i v i t i e s .  
The slope of t he  C . V .  curve a t  threshold i s  given by o while 
p determines the i n i t i a l  deviation from l i n e a r i t y .  C.V. 
curves f o r  mater ia ls  with a v a r i e t y  of e l a s t i c  constants 
and p e r m i t t i v i t i e s  and zero surface tilt were a l s o  computed 
from the f u l l  expressions given by G.S.M.; t h r e e  such curves, 
with t h e i r  i n i t i a l  slopes normalized t o  uni ty  a r e  shown i n  
Figure 1, together with the normalized l i n e a r  G.S.M. r e s u l t .  

FIGURE 1 

The d i f f e r e n t  behaviours of these curves can be under- 
stood i n  terms of t k x  r e s u l t  given i n  (1). 
curves (i) ( IC = 0.5, 7 = 5.0) and (iii) ( K = 0.5, 7 = 0.2) 
deviate  from un i ty  a t  small values of v(w 0.05) a s  would be 
expected from the non-vanishing values of p corresponding 
tr these mater ia l  parameters. In  curve ( i ) ,  f o r  which 
p > C ,  the slope increases from un i ty  u n t i l  a point  of 
i n f l e c t i o n  i s  induced by higher order terms i n  the  expansion 
(1). 
be negative i n  a l l  cases where a polynominal was f i t t e d  t o  
a C.V.  curve).  
which p < 0, decreases s t e a d i l y  from un i ty  with increasing 
v. 
7 = S.5), the  point  of i n f l e c t i o n  seen i n  (I), i s  located 
a t  the o r i g i n  and the curve shows an extended l i n e a r  portion. 

The slopes of 

(The coe f f i c i en t  of the v term i n  (1) was found t o  

Similar ly  the  slope of curve ( i i i ) ,  f o r  

When @ = 0 ,  as i s  the case i n  curve (ii) ( K  = 0.5, 
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CAPACITANCE CURVES OF NEMATIC LAYERS 2 1  

While t h e  second order analysis  given here i s  not complete, 
t he  c r i t e r i o n  based on the s ign of p i s  s u f f i c i e n t  t o  
account f o r  the presence or absence of a po in t  of i n f l ec -  
t i o n  i n  C.V.  curves. It should a l s o  be noted t h a t  C.V.  
curves of nematic mater ia ls  with a small pos i t i ve  p (show- 
ing a ba re ly  d i sce rn ib l e  point  of i n f l e c t i o n  j u s t  above Vc) 
exh ib i t  f a i r l y  long "pseudo-linear" portions.  This accounts 
f o r  t he  surpr is ingly wide range over which the  l i n e a r  theory 
o f  G.S.M. is, a t  f i r s t  s i g h t ,  va l id  f o r  these materials.  
Although the expression f o r  ( p l y )  given i n  (3)  i s  symmet- 
r i c a l  i n  y and K, nematic mater ia ls  exhibi t  a much l a rge r  
spread i n  y (0 t o  4) than i n  tc (0 t o  1); the s ign of p i s  
therefore  usual ly  determined by the magnitude of 7.  The 
general  r u l e ,  which follows from t h e  expression f o r  p ,  t h a t  
po in t s  of i n f l e c t i o n  a r e  found i n  C.V.  curves of high y 
mater ia ls  but  a r e  abscnt from those of low y mater ia ls  i s  
we l l  borne out  i n  p rac t i ce .  

A s imi l a r  analysis  of t he  capacitance response t o  an 
applied magnetic f i e l d  of i n t e n s i t y  H y i e lds  the  r e s u l t  

c - CI 
- =  a' h + p' h2 + O(h3) 

where 

-3 
1+ K 

a' - 

(4) 

( 5 )  

and 

h = (H-Hc)/Hc where He i s  the  c r i t i c a l  FrGedericksz magnetic 
f i e l d  i n t e n s i t y .  As p' i s  negative f o r  y > 0,  K < 1 .4 ,  
the C.H.  curves of  p o s i t i v e  nematic mater ia ls  with t y p i c a l  
e l a s t i c  constants w i l l  have the same form a s  curve (iii) 
of Figure 1. This expectation i s  borne out by computed 
C . H .  curves. 

MPERIMENTA L 

The C . V .  curves of homogeneous, p a r a l l e l  aligned 
nematic samples have been measured t o  confirm the theoret-  
i c a l  f indings of  t he  previo s sect ion.  25pm thick nematic 

incidence,  and t h e i r  capacitance measured a t  lkHz with the 
layers  were aligned by 100 i of SiO evaporated a t  30' 

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
 0

3:
53

 2
3 

Fe
br

ua
ry

 2
01

3 



22 H J A TOUGH and E P RAYNES 

act ive ares  spaced from a guard electrode by a 1Opm gap. 
A conventional capacitance bridge was used with the voltage 
3cruss the nematic sample being measured d i r ec t ly  using a 
high impedance instrumentation amplifier a s  a buffer. Per- 
mi t t iv i t ies  measured with th i s  system a re  accurate t o  within 
1%. 
non-linear l ea s t  squares f i t t i n g  programme, giving vC t o  $$ 
a c c m s c y  and ( K + 1) t o  within 5%. 
two observed extremes of departure from the G.S.M. l inear  
expression. In both figures the points a re  experimental, 
t h e  cc.ntinuous curves a re  computed from the appropriate 
valtles GI? 7 and K and the s t ra ight  lines represent the G.S.M. 
.l.i;leaj- expression. Figure 2 shows a point of inf lect ion 
; . yp i i c t l  of large y and 'positive p i n  ROTNhO3 from Hoffman-La 
Hoche. A low y mixture comprising loq6 by weight of 5CB from 

The C .V,  data were then analysed using a two-parameter 

Figures 2 and 3 show the 

r 

I 
i y v  

I '  

iiDK ~ ' h ~ : ~ ~ i - : a l ~  Ltd i n  ZLIXYj2 from E Merck is  shown i n  
kifvJ*c 3 ,  4iysJ th?  form is typical of low 7 and negative B, 
showin3 no yGint of inflection. 
-7 
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CAPACITANCE CURVES OF NEMATIC r . m m  2.3 

/’ 

FIGURE 3 

DrscussroM 
We have shown by both calculation and experiment that  

the l inearised G.S.M. theory only describes the behmiour 
of the C.V. and C.H. curves over a very limited range nf V 
and H above threshold. The arguments we have presented can 
a l so  be applied quite readily,  with suitable modifications, 
t o  the behaviour of the birefringence/voltage and bire- 
fringence/magnetic f i e ld  intensi ty  curves described by 
Gruler e t  a l .  (I), and used by some workers t c  detcrmine 
nematic l iquid c rys ta l  e l a s t i c  constants. 
limited range over which the l inearised theory holds for  
these curves,considerable care should be exercise6 i n  the i r  
analysis t o  determine e l a s t i c  constants. A CLWVB w i t h  a 
point of inf lect ion (e.e;. Figure 2 )  might, on visual  i n s p x -  
t ion ,  be taken t o  show too high 2 c r i t i c a l  f i e ld  and tohsve  
toohighanini t ia le lope,whilea cwve such a s  t h a t  ohown i n  
Figure 3 might be taken t o  show t.oo l o w  a c r i t i c a l  f ie ld  
and i n i t i a l  slope. In both cases these errors would tend 
t o  compound i n  the determination of K from an expression 
such a s  (2), while the error  i n  the c r i t i c a l  f i e l d  would 
lead t o  a corresponding error i n  kll. These arguments 
tend t o  support the use of two-ps-rameter non-linear leas t  
squares f i t t i n g  programmes of the type f i r s t  described 

In  view of the 

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
 0

3:
53

 2
3 

Fe
br

ua
ry

 2
01

3 



24 R J A TOUGH and E P RAYNES 

by Deulingc3)in the ex t r ac t ion  of the splay and bend e l a s t i c  
constants from the capacitance and birefr ingence responses 
of nematic l i qu id  c r y s t a l s  t o  applied e l e c t r i c  and magnetic 
f i e l d s .  
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