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Abstract: A simple method for measuring the elastic
Frank constants of a nematic liquid crystal is descri-
ned. The method consists in measuring the attenuation
of a laser beam transmitted through the specimen as a
function of the angle of incidence and making a best
fitting by using the results of a theory developed in
a previous paper.

Some experimental results concerning MBBA liquid crys-
tals are reported and discussed.

INTRODUCTION

The light scattering cross-section of nematic liquid
crystals depends essentially on its optical anisotropy and
on the amplitude of the thermal fluctuations of the optical
axis. This amplitude is determined by the three K . 's Frank
elastic constants.

It is therefore possible to evaluate these constants by

light scattering cross section measurements. Actually so far
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(1,2)

JJ
(3
lute values of ij through differential cross section mea-

have been obtained: a) the ratios Kii/K and the abso-
surements; b) the absolute values of ij through total cross
section measurements 4 . The method a) gives results intrin-
sically imprecise because the scattered intensity of first
order is always low, so that it becomes comparable with the
scattering due to surface defects or to multiple scattering.
In the method b) the total scattering cross section can be
measured with an error which may be limited to a few percent,
but this affects the constants ij with an error which is one
or two orders of magnitude larger.

The purpose of the present letter is to show how it is
possible to cdetermine the three ij constants simply by mea-
suring the behaviour of the total scattering cross section
as a function of the angle Dl between the incident beam
and the normal to the sample surface.

Practically one measures the ratio between the trans-
mitted intensity I through the sample for different angles

b

t and the intensity Io transmitted at normal incidence.

This new method, with respect to b), allows both to simplify
the K, measuring technique and to improve the precision of
JJ

the measure of the constants K, as well.

Experimental set-up and results

The experimental measurements have been performed on a
MBBA sample homeotropically aligned between two glass plates

(0.95 mm thick) by recording the intensity I of the trans-—
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mitted 1light in the direction of the laser beam for diffe-
rent angles of incidence t&e. A 3 mW He - Ne laser was used
as a light source. The transmitted light and a fraction of
the incident light were sent to two separate photodiodes
(Fig. 1). This allowed to compensate for the laser intensi-
ty fluctuations by measuring, the ratio of the signals co-

ming from the photodiodes.

F pp HI

Ov ADC POP

Fig. 1 - L laser; BS beam splitter; P polarizer; F, F!'
filters; PD photodiode; T thermostat; LC 1liquid crystal
sample; D diaphragm; EM electromagnet; Dv divider; ADC
analog to digital converter, PDP processor computer on line.

A magnetic field of about 3000 Gauss was used to redu-
ce the forward scattering of the incident light due to long

wavelenght thermal fluctuations. The further screening of
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the forward scattered light by means of a suitable diagram
allowed to contain the ratio between scattered light and
transmitted light to only about 1%. The ISt and 2nd order
scattering were extimated on the basis of the calculations
given in ref. (5).

In Fig. 2 are reported the experimental points I/Io for
extraordinary and ordinary polarization respectively. Full
lines represent a best fit obtained by varying the ij‘s in
the theoretical expression of the intensity 5)

Taking into account that for the used samples the true
absorption coefficient is negligibly smell, the total scat-
tering cross section is obtained by measuring the attenua-
tion coefficient. This coefficient depends on the three K .
constants which can thus be obtained by performing at least
three measurements using different geometries.

, K

11 22’

K33) with i = 1,2,3, represent the values of the ratios Ii/IO

corresponding to three different light incidence angles.

The error can be estimated as follows. Let Y. (K
i

For small variations of K  's around their best fit values,
J

the dependence of the Yj’s on K, 's can be linearized, i.e.:

(1) v.=Y o+ X ¢ A k.|
1 1,0 13 JJ

i,j=1,2,3

where Y, is the best fit value.

The error of propagation from the directly measured Yi's
to the evaluated K,  's has been obtained by inverting their
JJ

functional dependence given by eq.(l) and resulted strongly
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line theoret}cal The best §1t values are
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dependent on the chosen polarization states and incidence
angles.

The errors in the Yi's are estimated to be 2% or less;
for the extraordinary beém and with our choice of angles
trie the ij’s error result about 15%, while for the ordi-
nary beam the error is always larger. The values reported in

Fig. 2 have been obtained from the extraordinary curve.
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