This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 10:33

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
Incorporating Nonlinear Optics

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Electrohydrodynamic Instabilities
in Nematic Liquid Crystals: Stability

Criteria for Stochastic Excitation

U. Behn ®, R. Miller & A. Kuel 2

& Sektion Physik, Karl-Marx-Universitat Leipzig, 7010, Leipzig,
Karl-Marx-Platz, 10, G.D.R.
Version of record first published: 22 Sep 2006.

To cite this article: U. Behn , R. Miller & A. Ktel (1990): Electrohydrodynamic Instabilities in
Nematic Liquid Crystals: Stability Criteria for Stochastic Excitation, Molecular Crystals and Liquid
Crystals Incorporating Nonlinear Optics, 193:1, 235-239

To link to this article: http://dx.doi.org/10.1080/00268949008031832

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/gmcl17
http://dx.doi.org/10.1080/00268949008031832
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 10:33 19 February 2013

Mol. Cryst. Lig. Cryst. 1990, Vol. 193, pp. 235-239
Reprints available directly from the publisher
Photocopying permitted by license only

© 1990 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

ELECTROHYDRODYNAMIC INSTABILITIES IN NEMATIC
LIQUID CRYSTALS:
STABILITY CRITERTA FOR STOCHASTIC EXCITATION

ULRICH BEHN, REINHARD MULLER, and ADOLF KUHNEL

Sektion Physik, Karl-Marx-Universitdt ILeipzig,
7010 Lelpzig, Karl-Marx-Platz 10, G.D.R,

Abstract Different stability criteria, as first
moments stability, energetic stability, and
sample stability are applied to a linear model
for electrohydrodynamic instabilities in nematics.
The influence of boundary conditions on instabili-
ties is investigated comparing results for 14 and
2d theories,

THE MODEL

We consider electrohydrodynamic instabilities in ne-
matic liquid crystals parametrically driven by a su-
perposition of a deterministic electric field 61 with
a stochagtic dichotomous field Bt jumping with mean
frequency &« between +€. Supposing that the transition
from the nematic phase towards the Williams domain is
continuous we invesatigate the linear model of Dubois~
Violette et a1.1, which can be written as

7+ (A +B € )z =0, (1)

where Z = (q, ¥), q is the space charge density, Y is
the curvature of the angle between the director and
the electrode plane. A and B are constant 2x2 matrices
gspecific for 14 and 2d theories and depending on
material parameters, on 61, and on the wave numbers
kx and kz of the test mode.
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MOMENT STABILITY

Since 8% = &2 = const it is possible to obtain closed

equations for the moments of the form
(18/at +C ) (<W>, <g Wy )T =0 . (2)

C depends on the same parameters as A and B, and on o.
For the first moment , it is a 4x4 matrix and w=z, for
the second moment it is a 6x6 matrix and W:(q%q%,‘bg),

The exponential solutions of Eq. (2) are unstable
if the largest exponent has a positive real part. The
threshold value of the external field is obtained
after minimizing the stable region with respect to the
wave numbers (mode selection).

The stability analysis of the first moments for
the 14 case? (no boundary conditions) can qualitative-
ly explain the experimentally observed direct tran-
sition towards chaos above a critical strength of the
stochastic field3 (FPigure 1).
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FIGURE 1 First moment's threshold curves for
different o. Typical cases: Discontinuous beha-
viour for a=10 (solid arrow), the dashed part of
the threshold is observable measuring along the
dotted arrow; continuous behaviour ( ®=3.5 and o
=0.5). For small « the noise is destabilizing.
(Helfrichs parsmeter $2=2.5, arb. units)
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Since the quantitative agreement with the experiment
is rather poor (the amplitude threshold is by far too
high) we compare within the same frame different
stability criteria.

The energetic stability criterion (i.e. the sta-
bility of the second moments) gives always a lower
threshold with the same qualitative behaviour,

SAMPLE STABILITY

Introducing polar coordinates (q,%) — (r,¥) one ob-
tains from Eq. (1)

r=gleg,e)r , ©=hlg,, e , (3a,b)

where g and h are nonlinear functions of <f£_l7 and ¢, de-
pending on the same parameters as A and B. Eq. (3a) is
linear in r and can be solved for a given trajectory
of the driving process. This leads to the Lyapunov ex-
ponent4

t
- 1
A= 1 O§ s, = % a2, o) etoe, 00, (0

the latter equality holds hecause of the multiplica-
tive ergodic theorem of Oseledec. Py4(¥¢) is the in-
variant measure of the joint process (Et.‘P) which
can be obtained exactly from Eq., (3b). The threshold
from the sample stability criterion is always higher
than first moment's threshold.

Therefore, and in analogy with the stochastic
parametric oscillator5 we propose to prefer the ener-
getic stability criterion.

In Figure 2 the thresholds corresponding to the
above criteria are compared for the simplest case of
pure stochastic excitation.
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FIGURE 2 Pure stochastic excitation. Threshold
corresponding to different criteria (sample (S),
amplitude (A%, and energetic (E) stability)
against o ( ¢?=3).

INFLUENCE OF BOUNDARY CONDITIONS

Since in 14 theories no boundary conditions appear we
investigated also a 2d linear theory with the simpli-
fication of free boundary conditions, The first mo-~

ment's thresholds are slightly above those of the 14
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FIGURE 3 Wave number k for roll cells in a 24
theory against the stochastic part of the
driving field &% ( ©?=2.38, «=8).



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:33 19 February 2013

STOCHASTICALLY DRIVEN EHD INSTABILITIES (10191239

theory but show the same qualitative behaviour (see
Figure 1). In qualitative agreement with the experi-
men’c3 we find that the wave number kx of the roll
cells increases with increasing strength of the sto-
chastic field (Figure 3) as well as with increasing
correlation time of the stochastic field (in the 1d
model k_ is always constant).

CONCLUDING REMARKS

In all considered cases we are able to obitain results
which are exact in the frame of the model. Especially,
we avoid 'adiabatic' elimination procedures. More de~
tails will be published elsewheres.

To investigate the possibility of a discontinuous
transition (which would be signaled by a hysteresis)
one should treat a nonlinear model.

To explain the appearance of different patterns
along the threshold curve3 it would be necesgsary to
test the stability of a 3d theory agsinst the
corresponding test modes.
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