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Homeotropic nematic films, distorted under either a Poiseuille flow or a destabilizing electric field
have been investigated by means of conoscopic experiments. The experimental patterns are com-
pared with those obtained from a computer procedure. This method allows a determination of
the ratio k33/az of the Frank bend elastic constant to the Leslie shear torque coefficient.

INTRODUCTION

Conoscopy is a technique widely applied to the study of distortions of nematic
liquid crystal layers.' Recently, it was used to characterize the mechanisms in-
volved in the acousto-optical effects observed for nematic liquid crystals.>*
These mechanisms involve astreaming of the liquid crystal between two paral-
lel plates, induced by the acoustic radiation pressure.’ The conoscopic pat-
terns obtained from flow distorted nematic films are rather complex and can-
not be computed analytically.

In this paper we present a computer procedure which allows us to calculate

t Work partially supported by D.R.E.T. Contracts n° 78/515 and 78.34/307
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conoscopic patterns for several distortion profiles of the optical axis along the
normal to the nematic layer. To test the method, the computed patterns are
compared with experimental conoscopic figures obtained for homeotropic
nematic liquid crystal films distorted either by an electric field or by Poiseuille
flow. The latter experiment provides a method of determination of the ratio
|kss/az| of the Frank bend® elastic constant to the Leslie shear torque
coefficient.’

I NUMERICAL CALCULATION OF CONOSCOPIC PATTERNS
OF DISTORTED NEMATIC FILMS

a) Computer procedure
The nematic film is divided into a series of superposed thin layers of thick-
ness § as shown in the schematic drawing of Figure 1. In each layer, the orien-
tation of the optical axis, defined by a vector OM is assumed to be constant
but the direction of OM is allowed to vary from one layer to another.

Let us consider first a single layer. For alight ray propagating along a direc-

light beam

light ray
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FIGURE 1 Geometrical parameters.
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tion OL, the neutral lines OX and OY are defined through
OX = OL,OM
OY = OL,(OL,OM) H

The wave numbers characteristic of waves polarized along OX and OY are
given by:

2
kx = 1 Ao
no
ky= Z—H Ao 2)
ny
where
o
ny = ] 3 (3)
No — N, 2
\/ + = (OL,0M)

n, and n, are the refractive indices of the ordinary and extraordinary rays re-
spectively, and A, is the wavelength of light in a vacuum.®

Let OP, be the polarization (linear or elliptic) of the light wave falling on the
first nematic sublayer, referred to a set of orthogonal coordinates Oy, Oy, OL
(cf. Figure 1). The polarization OP| of the light after transmission through the
layer is given by:

OP, = M OP, 4)

where the transfer matrix M of the layer is:

ekyt 0
M=cC" C (5)
0 eky?

and Cis the transfer matrix from the coordinate axes Oy, 0,,to the coordinate
axes 0X,, OY..

The same procedure can be repeated for each layer so that the polarization
of the light ray after transmission through n layers can be written as:

OP, = M\Mn-1. . . . MoM, OP, (6)

where the subscript n refers to the n'" layer.
The light intensity transmitted through an analyzer OA is given by:

J = |0A-OP,|? @)
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In order to reconstruct patterns of nematic films illuminated with a conver-
gent light beam, it is necessary to compute J as a function of OL. This is done
by using an interaction procedure on the cos a, cos 8 pair, where cos @ and cos 8
are the director cosines in the set of coordinate axes O, O, O, represented in
Figure 1. The integration procedure used in the computed program was based
on the “Trapezoidal Rule”.

The computed patterns were reproduced on graphs by printing a black dot
on each point of the field where J exceeds an arbitrarily fixed value.

b) Resulits

The computer program has been tested on the three types of configurations of
the nematic film illustrated on Figure 2. The corresponding conoscopic pat-
terns obtained by the numerical method presented above are reported in Fig-
ure 3.

For a homeotropic alignment of the nematic liquid crystal, the computed
pattern reproduces the classical maltese cross of a uniaxial crystal cut normal
to the optical axis® (cf. Figure 3a).

In the second configuration considered here (cf. Figure 2b), the orientation
of the optical axis is evenly distorted along the normal to the nematic film, ina

(a) (b) (c)

FIGURE 2 Schematic representation of conoscopic patterns for three orientation profiles of a
nematic film. (a) Homeotropic; (b) Even distortion; (¢) Odd distortion.
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a b c

FIGURE 3 Computed conoscopic patterns for the three profiles represented in Figure 2.
(a) Homeotropic; (b) Even distortion (6, = C = 4°,d = 150 um); (¢) Odd distortion (6, = 3°;
d =50 um).

given plane. This kind of distortion profile is obtained, for instance, when a
destabilizing electric field is applied to the nematic film. In that case, the co-
noscopic pattern consists of a distorted maltese cross whose center is shifted
along the same direction as the optical axis, the shift being proportional to the
mean tilt angle. This is indeed observed in Figure 3b which represents the co-
noscopic pattern computed for the simple configuration when the tilt angle is
assumed to be constant across the thickness of the nematic film.

The third investigated configuration corresponds to an odd distortion of
the optical axis in a given plane (cf. Figure 2c¢). The calculation of the cono-
scopic pattern requires a model for the variation of the tilt angle along the nor-
mal Oz to the sample. As we shall see later, the distortion profile relevant to
the flow experiments is described by the following variation of the tilt angle 8
with z:

e
0=002(W—2)2“1) ™

where 8, is a constant, dthe thickness of the nematic filmand —d/2 < z < d/2.
Figure 3c shows a typical conoscopic pattern computed from Eq. 7. It can
be observed that the pattern remains symmetrical with respect to its center.

Il EXPERIMENTS ON NEMATIC FILMS DISTORTED BY AN
ELECTRIC FIELD

The liquid crystal cell is a thin film (50 um) of homeotropically aligned liquid
crystal sandwiched between two glass plates coated with transparent elec-
trodes. All the measurements are performed at room temperature with ZLI
1085 (Merck) liquid crystal, which has a dielectric anisotropy (Ae) of —0.65 at
the working frequency (i.e., 10 kHz).



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:41 21 February 2013

242 G. WATON er al.

In Figure 4a are shown pictures of the conoscopic patterns obtained for
applied voltages equal to 6 V'rms and 8 rms respectively. As mentioned before
the calculation of the conoscopic pattern requires the knowledge of the distor-
tion profile of the optical area inside the nematic layer. For homeotropic films
distorted by an electric field, the tilt angle in the thickness is given by:’

®

b

FIGURE 4 Conoscopic patterns for a 50 um thick homeotropic film of ZLI 1085 nematic liq-
uid crystal under a destabilizing electric field. (a) Experimental patterns: (b) Computed patterns.
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Where 8 is the local deflection angle, 8, its amplitude, z the coordinate parallel
to the field and L the thickness of the sample extending from z = —d/2 to
z=+d/2.

A set of conoscopic patterns was computed for several values of 8, using the
procedure described earlier. Figure 4b shows the two patterns giving the best
fit to the pictures of Figure 4a. The agreement between calculated and experi-
mental patterns is excellent, and the corresponding values of 8, are:

6,= 6° for V=6 Vrms
0, =24° for V=8 Vrms

The accuracy on the determination of 6, is approximately £0.5° and is in-
dependent of the distortion, so that the relative error 86,/6, is inversely pro-
portional to 6,.

Eventually these angles 8, can be fitted to the theoretical curve which is
given by:

14
2 /51
9, = & (when V ~ Vi) ©9)
kll - k33 €1
_—+ —_—
kn €

where Vi is the threshold voltage and ky, is the splay elastic constant. There-
fore this method could be used for a very accurate determination of the bend
elastic constant k33 which is related to Vi by the relation:

1
kyy =— A¢ € Vin (10)
™

Il CAPILLARY FLOW EXPERIMENTS

a) Experimental procedure and results

The set-up is shown in Figure 5: the capillary is made of two glass plates, sep-
arated with a mylar spacer 50 um thick. The capillary is filled with 4-cyano-4'-
n-pentylbiphenyl (5CB). A large aperture microscope lens focuses a polarized
light beam onto the sample. A polarizer, crossed with the incident light, causes
interferences between the ordinary and extraordinary rays. The interference
pattern is then observed on a screen at infinity. After filling, the cell is heated
up to the nematic-isotropic transition, then slowly cooled down in order to
obtain a good homeotropic alignment. The quality of the alignment is checked
by conoscopic observation; the observed pattern is the classical picture with a
cross and circles.
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FIGURE 5 Experimental set-up for Poiseuille flow study.
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To induce a flow in the capillary, a slight difference of pressure is applied
between the two cylindrical glass tubes sealed at the ends of the capillary (cf.
Figure 5). The mean flow velocity is obtained from the measurement of the
flow rate through one of these tubes.

Photographs 6a and 6d show the conoscopic patterns obtained for several
flow velocities and two configurations of the polarizers with respect to the di-
rection of the flow. The interference figure is rather sensitive to the flow veloc-
ity butin all cases is symmetrical with respect to its center, which demonstrates
the even character of the distortion of the optical axis (cf. Figure 2c).

FIGURE 6 Conoscopic patterns obtained for several flow velocities: (a) w, = 6 um/s;
(b)u, = 15 um/s;(c)u, = 6 um/s; (d)u, = 10.5 um/s. (a) and (b) Polarizer parallel to the direc-
tion of the flow. (¢) and (d) Polarizer at 45° of the direction of the flow.
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b) Comparison between experimental and computed patterns

For capillary flow experiments, the distortion profile can be determined from
the equation of coupling between flow and director orientation which for
small values of the tilt angle 8(z) and a shear gradient along z can be written as:

5%0 F)
ks o+ a2 == 0 (1)

where k33 is Frank’s bend elastic constant, a; Leslie’s shear torque coefficient
and ¥ = u(z) the flow velocity. For Poiseuille flow, u(z) is given by:
u(z) = uo (1 — 2%/d/2)%) (12)

where the origin of the z axis has been taken in the middle of the capillary and
U, is the velocity at z = 0. Combining Egs. (11) and (12) yields:

=@, — 1
6 =0,z @) 1 (13)
with
azua
o = 14
3w (14)

Then for a given thickness d of the capillary and using Eq. 12, it is possible to
calculate conoscopic patterns as a function of 8, and to compare them with the
photographs obtained in flow experiments. This is illustrated on Figure 7
which reproduces computer graphs showing very similar patterns to those re-
ported in Figure 6.

In Figure 8 is reported the variation of 6, as a function of the velocity u, as
determined rather crudely from the flow rate. The slope of the obtained
straight line yields to |kss/a;| = 1.8 107 dyne p~'. This value is rather close to
that determined from a torsional shear flow experiment by Skarp es al.
(kss/az = —107% dyne p™').} It must be noticed that the conoscopic method
cannot provide the sign of k33/a;, since positive and negative tilts are indistin-
guishable optically.

CONCLUSION

The results reported in this study show that under some circumstances, cono-
scopic experiments can provide a sensitive and convenient method for the
measurement of the deflection of the optical axis of a distorted film of a ne-
matic liquid crystal. This method is based on a comparison between patterns
obtained by means of a computer procedure and experimental conoscopic
figures. As an illustration, the Poiseuille flow of 5CB nematic liquid crystal



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:41 21 February 2013

CONOSCOPIC STUDIES OF DISTORTIONS 247

FIGURE 7 Conoscopic patterns computed according to Eq. 7. (a) 8, = 6°; (b) 8, = 14°5;
(c) 8, = 7% (d) 6, = 11°.

into a rectangular capillary has been investigated. Under flow, the optical axis
is tilted with respect to the initial homeotropic orientation in a plane contain-
ing the direction of flow and the normal to the capillary. By using the proce-
dure described above, the maximum tilt angle has been determined as a func-
tion of the mean velocity, which yields a measurement of the ratio |k3s/aa|.
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FIGURE 8 Variation of 8, versus u,; 6, has been determined from the comparison between
experimental and computed patterns; 4, has been obtained from the mean flow rate.

It must be emphasized that the same method can be applied to other prob-
lems involving either electric destabilization or flow of a nematic liquid crystal
and more especially acoustical streaming.»*'

Furthermore, the computer procedure can be easily extended to any kind of
distortion of a liquid crystal.
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