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Abstract It has been found that at the electrohydrody-
namic convection in the hybrid aligned nematics the oblique
rolls are formed. These patterns are not stationary. The
dependencies of the threshold voltage, drift velocity of rolls
and oblique angle on the frequency of the AC electric field
have been measured.

INTRODUCTION

It is well known when a low-frequency AC electric field is applied
across a thin layer of nematic liquid crystal (NLC) with planar
or homeotropic uniform orientation of the director n, normal or
oblique rolls occur. These cases of electrohydrodynamic (EHD) con-
vection in the NLC are well studied now both theoretically and
experimentally!2.

Recently, some experimental and theoretical investigations of
EHD convection in the twisted nematics have been carried out3.

In this paper for the first time we report some results of our
investigations on the EHD convection in the nematic liquid crystals
with the hybrid alignment.

EXPERIMENTAL

In the present study, the nematic liquid crystal with negative dielec-
tric anisotropy (MBBA) was used. The experimental setup consisted
of two glass substrates covered by transparent electrodes with the
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distance between plates fixed by mylar spacers. The NLC-cell thick-
ness was varied between 20 pm and 100 pm. The horisontal sizes of
the cell were 10x15 mm. The main experiments were performed with
the nematic layer thickness of 20 pum, so that the aspect ratios were
500x750. One of the electrodes induced the uniform planar align-
ment that was obtained by the rubbing along some direction. The
homeotropic alignment on the other one was obtained spontaneously
by the evaporation of chrome on the its surface. The AC electric field
was applied across the NLC-cell. Electrooptical measurements have
been carried out with a polarizing microscope ”Amplival Pol.U”.
The NLC sample conductivity was ¢ ~ 10710 Q1. The NLC-cell
temperature was stabilized at 25°C.

RESULTS AND DISCUSSION

It has been observed that oblique rolls pattern appears at a certain
threshold voltage U, in the NLC with hybrid alignment (Fig. 1a).
The threshold dependence of the AC electric field frequency is shown

NNl

FIGURE 1. Microphotographs of the domain structures in
hybrid aligned MBBA: oblique rolls at U=6.6 V and {=20 Hz

(a), normal rolls at U=31 V and f=140 Hz (b).

a

in Figure 2. We observed that this pattern are not stationary and
drifts with velocity v. It seems to be the pretilt of director n in
the hybrid cell leads to nonstationary of rolls. In particular, it was
predicted theoretically by Zimmermann®. The dependence of drift
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FIGURE 2. Dependence of the threshold voltage U, on
the AC electric field frequency f.

velocity on the AC electric field frequency is represented in Figure 3.
Polarized-optical analysis shows that at the EHD threshold the di-
rector n in the NLC layer has an angle ¢ with the plane of initial
alignment. Since the initial orientation of n is degenerated, in exper-
iments the NLC sample divides on the two systems of oblique rolls
along 6 and -6 respectively. The boundaries between these oblique
roll systems are disclinations. When frequency of an AC electric
field is increasing the oblique angle of rolls is decreasing (Fig. 3b).
We observed that oblique rolls become normal at about 130 Hz (See
Fig. 1b).

With increasing voltage above the threshold U, the rolls began
to oscillate and defect turbulence or fluctuating Williams domains
appears. At further increasing of the applied voltage the dynamic
scattering mode is observed.

Thus, in the case of hybrid aligned nematics the drift oblique
rolls are observed at the EHD convection.

CONCLUSION

The EHD convection in hybrid aligned nematics has been investi-
gated. The drift oblique rolls have been observed at certain values of
the threshold voltage U,. The drift of rolls seems to be related with
the pretilt of director n. It has been found that the oblique angle of
rolls decreases with increasing of the AC electric field frequency and
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FIGURE 3. Dependence of the drift velocity of rolls v on the
AC electric field frequency f (a); dependence of the oblique
angle of rolls # on the AC electric field frequency (b).

rolls become normally oriented to the orientation of the director at
some frequency. The drift velocity of the rolls increases with the
frequency of AC electric field.
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