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INTRODUCTION

The magnetic field dependence of the capacitance of a
twisted nematic layer has been analysed by Shtrikman et al(ld
whe found only moderate agreement between their theory and
the experimental results of Gerritsma et al(®), Here we
investigate the voltage dependence of the capacitance of a
twisted nematic liquid crystal layer just above threshold
and present experimental results obtained over a range of
temperatures with the nematic mixture Ef. Agreement be-
tween theory and experiment is satisfactory at all tempera-
tures.

THEORY

The director configuration in a twisted nematic layer
across which there is a potential difference is determined
by the requirement that the elastic and electric free
energies of the liquid crystal be minimized (3 %), an
aligned layer of a nematic sample with positive dielectric
anisotropy and zero surface tilt shows a well defined
Freedericksz transition voltage Vc. We have calculated the
linear variation of the capacitance of the sample with
voltage just above this threshold from linearized sclutions
of Deuling's equations(a), and for a layer with a total
twist angle ¢ and zero surface tilt we find that

Cc - Cl

¢

s oY) . (1)

C, and C are respectively the capacitances of the undis-
torted twisted layer and of the layer distorted by an
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applied voltage V > Ve, v = (V-Vc)/Vc and v = (¢, - el)/el
where ¢, , €, are the parallel and perpendicular’components
of the electric permittivity of the sample. Ve and F(k)
are given in Table 1 for a variety of twist angles and
elastic constant ratiog. We see that our result reduces to
that of Gruler et al¢3)when ¢ = O and that in the one con-
stant approximation (k,; = kos = kaaz) F(k) is independent
of ¢. When kgg=7kas, (as is more or less the case for many
nematic materials) the Freedericksz transition voltage for
the layer is independent of ¢ and the initial slope of the
capacitance-voltage curve of the layer increases with its
total twist. Finally we note that the expression of
Shtrikman et al(l)for the linear variation of the capaci-
tance of a 900 twisted nematic layer with an applied magne-
tic field H > H., the Freedericksz threshold field, can be
retrieved from %1) by setting ¢ = 90° and y = O in the de-
nominator and interpreting v as (H-Hg)/H,.

EXPERIMENT

The capacitance voltage curves of a 25um thick twisted
nematic layer aligned by 100 R or sio evaporated at 300
incidence have been measured at a variet¥ of temperatures
using a previously described technique(s . The threshold
voltage and slope at threshold of each curve were determined
by inspection, bearing in mind the problems inherent in this
procedure when it is applied to the capacitance voltage
curve of an untwisted 1ayer(6). Twisted layers thinner
than 25um show a poorly defined threshold. k;;, kasa, €
and ¢, were found by analysing the capacitance voltage
curve of a zero tilt, parallel aligned layer, €| being
determined by Meyerhoffer's extrapolation proceéure(7)and
k1; and kgg by use of a two parameter, non-linear least
squares fitting programme. ks was then calculated from
the threshold voltage of the twisted layer. It is estimated
that the errors in the measurements are 1% in y, 2% in ki,
10% in kpp and 5% in kas.

Measurements were made on the commercial mixture EY
which comprises the following (by weight)



Downloaded by [Tomsk State University of Control Systems and Radio] at 04:04 23 February 2013

66 E.P. RAYNES, R. J. A. TOUGH and K. A. DAVIES

i O-O-on 51
C7H15CN 25°%0

CN 16°

Co Hyy @ @ @ CN 8°/o

Table 2 shows the measured elastic constants and permit-
tivities of E7 over the temperature range 1 C to 55 C while
Table 3 compares the corresponding experimental and calculated

o
T( C) €" €J_ k‘ll k22 k33

1 20.41 ( 4.83 | 4.6 | 11.0 | 25.9
10 20.06 | 4.97 | 13.3 9.9 | 23.0
20 19.54 | s5.17 | 11.7 8.8 ] 19.5
30 18.98 | 5.43 | 10.1 7.3 1 16.2
4o 18.16 | 5.80 8.2 5.9 {12.3
50 16.97 | 6.41 5.8 L.y 8.2
55 15.83 | 7.00 4.0 3.2 5.5

TABLE 2 Permittivities and elastic constants
of E{. The elastic constants are presented in
units of 10™*2 newtons. E7 clears over the
temperature range 58°C to 60°C.
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Cc - Cl
(°c)
Observed (volts~!) | Calculated (volts™%)

1 1.48 1.47

10 1.51 1.51
20 1.53 1.54
30 1.59 1.58
Lo 1.61 1.62
50 1.70 1.6L

t 55 1.69 1.61

TABLE 3 Observed and calculated initial slopes of

the capacitance voltage curves of a 25um twisted

(¢ = 90°) layer of ET.

slopes of the capacitance voltage curve of a twisted
layer of E7. The agreement between theory and experi-
ment 1s quite satisfactory and justifies the accuracy
quoted for the elastic constants and permittivities.
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