
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 11:40
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Electrohydrodynamics of Hybrid Aligned
Nematics
O. G. Akhmetshin a , V. A. Delev a & O. A. Scaldin b
a Physics Department, Bashkir State University, 450074, Ufa, Russia
b Physics Department, Bashkir Research Center, Russian Academy of
Sciences, 450025, Ufa, Russia
Version of record first published: 04 Oct 2006.

To cite this article: O. G. Akhmetshin , V. A. Delev & O. A. Scaldin (1995): Electrohydrodynamics of
Hybrid Aligned Nematics, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 265:1, 315-319

To link to this article:  http://dx.doi.org/10.1080/10587259508041702

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508041702
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1995, Vol. 265,pp. 315-319 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

ELECTROHYDRODYNAMICS OF HYBRID ALIGNED NEMATICS 
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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 
experimentaUy1~2. 

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 l o x  15 mm. The main experiments were performed with 
the nematic layer thickness of 20 pm, 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 Po1.U”. 
The NLC sample conductivity was CJ N_ 10-l’ W’. 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. la) .  
The threshold dependence of the AC electric field frequency is shown 

FIGlJRE 1. Microphotographs of the domain structures in 
hybrid aligned MBBA: oblique rolls at  U=6.6 V and f=20 Hz 
(a),  normal rolls at U=31 V and f=140 Hz (b).  

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 Zimmermann4. 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 cp 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 8 and -8 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. lb) .  

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 

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
 1

1:
40

 1
8 

Fe
br

ua
ry

 2
01

3 



318428841 0. G. Akhmetshin, V. A. Delev and 0. A. Scaldin 

9 

8 

" 7  Clmls7 

6 

5 

I I I I 

0 

0 

0 
0 

I I I 1 

20 40 60 80 100 120 
f ,  Hz 

a> 

I I I I I 

20 40 60 80 LOO 120 
f ,  Hz 

b) 
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 8 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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