
VOLUME 54, NUMBER 6 PHYSICAL REVIEW LETTFRS 11 FEBRUARY 1985

External Noise Can Suppress the Onset of Spatial Turbulence
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We show experimentally that for the electrohydrodynamic instability in nematic liquid crystals
the threshold for the onset of spatial turbulence can be increased by at least a factor of 2 by super-
imposing noise on the applied voltage. We find that for sufficiently high noise intensities a direct
transition from the spatially homogeneous state to turbulence via intermittency can be induced.

PACS numbers: 47.20.+m, 05.40.+j, 47.25.—c, 61.30.6d

The onset of spatial turbulence (i.e. , the loss of
coherence in both space and time) in fluid systems is
at present under extensive investigations. ' 6 The most
frequently studied configurations are the Taylor insta-
bility (in which a fluid between two concentric
cylinders is subjected to an external torque) and the
Benard instability (a layer of a simple fluid is investi-
gated under the influence of a vertical external tem-
perature gradient) but many other systems are also be-
ing studied (cf., e.g. , Ref. 1). Depending on the
geometry and the aspect ratio of a specific experimen-
tal setup, one has observed —e.g. , for the Benard
instability —a sequence of spatially periodic structures
before the onset of turbulence or a direct transition.

Here we report for the first time how external multi-
plicative noise can alter the sequence of transitions.
The system chosen is the electrohydrodynamic insta-
bility in nematic liquid crystals. (See, for example,
Kai and Hirakawas for a review. ) A thin layer of
nematics is studied under the influence of an external
electric field. An electrohydrodynamic instability was
chosen because it is much easier to superimpose in a
controlled way external noise on an electric field than,
e.g. , on a temperature gradient or a torque. We have
found that for increasing intensity of the noise the
threshold for the onset of the periodic structures and
the turbulent regime increase by up to a factor of
about 2. For very high noise intensities, a direct tran-
sition from the spatially homogeneous state to a tur-
bulent state is observed. All the qualitative features
are not sensitively dependent on the nature of the
noise; for example, whether it is Gaussian white or bi-
nomial is of secondary importance. Furthermore, we
observe that for Gaussian white noise, the onset time
of the periodic spatial structures depends linearly on
the strength of the noise —a surprisingly simple result
which has been found to hold before only for spatially
homogeneous models ' and their experimental reali-
zation. "

A sample of. the material MBBA [~-(p-
methoxybenzylidene)-p-butylaniline] which forms a

nematic phase at room temperature was sandwiched
between two horizontal glass plates which are covered
with conducting electrodes. The sample thickness is
about 110 p, m and the lateral dimensions are 8 mm
each; this gives rise to an aspect ratio of 72; i.e., a cell
with large aspect ratio is being investigated here. An
ac voltage of 60 Hz and variable magnitude were ap-
plied across the sample and the response to the exter-
nal electric field was monitored by observation in a po-
larizing microscope. Temperature during the experi-
ments was controlled up to +0.05 deg. As one in-
creases the applied (deterministic) voltage a sequence
of electrohydrodynamic instabilities characteristics for
this order of magnitude of the applied frequency is ob-
served. First one finds a roll pattern called the Wil-
liams domains (WD) (Ref. 8, Fig. 7), the analog of
the rolls in the Benard instability. As the voltage is in-
creased, these rolls start to fluctuate in time [fluctuat-
ing Williams domains] and eventually a transition to
the grid pattern (GP), which resembles the cross-roll
instability of Benard, takes place [Ref. 8, Fig. 9(b)].

As the applied voltage is stepped up further, the spa-
tially incoherent regime, usually called dynamic
scattering mode (DSM) is reached.

To study the influence of external noise, a noise
voltage as produced by a random noise generator (NF
Corp. WG-722) and amplified by a Pioneer amplifier
(A-470), which can be used for voltages up to 500 V,
was superimposed on the deterministic voltage. The
nature (e.g. , Gaussian white or binomial) and the
correlation time of the noise could be varied. In Fig.
1, the results of our observations are plotted as a func-
tion of the intensity of the external noise voltage. To
arrive at Fig. 1, Gaussian white noise of a correlation
time of 30 p, s has been used. This correlation time is
much shorter than the characteristic time of the sys-
tem ( —10 ms) and thus guarantees a clearcut separa-
tion of time scales. By inspection of Fig. 1, several
outstanding features are noted immediately. Over a
large range of values for the strength of the external
noise there is a linear relationship between the thresh-
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FIG. 1. Phase diagram showing the domains of existence
of the various patterns as a function of external voltage.
The noise used to get this graph was Gaussian white with a

correlation time 7 = 30 p, s.

old voltage for the transitions and the noise amplitude
and, most importantly, higher noise always leads to a
stabilization of the periodic structure thus suppressing
the onset of an instability. This behavior has been
noted mainly for the onset of the WD pattern (see Kai
er al. and Kawakubo, Yanagita, and Kabashiman'2 and
it was proposed first by Brand and Schenzle' that mul-
tiplicative noise is important for the interpretation of
the experimental results. Here we find that external
noise not only stabilizes the transitions between spa-
tially periodic structures but also the transition from
GP to spatial turbulence (DSM). In contrast to usual
noise effects which are small and lead only to a
"smearing out" of the sharpness of the transitions,
the consequences of external noise reported here are
drastic and of comparable order of magnitude as the
purely deterministic field effects.

Finally, we note a most fascinating feature at very
high strength of the external noise intensity: A direct
transition from spatial homogeneity to spatial tur-
bulence is observed without the buildup of any stable
periodic structure. In this regime of Fig. 1, the visual
observations can be described as follows. As one in-
creases slowly the deterministic voltage at fixed noise
intensity, one observes intermittent bursts of spatially
incoherent structures embedded in a homogeneous
background. The location of these bursts varies irreg-
ularly as a function of time. As the external deter-
ministic voltage is increased the frequency of the
bursts becomes higher as does their duration and the
fraction of the area filled with this spatially disordered
structures. Eventually the whole field of view is filled
with a spatially disordered structure which also shows
strong fluctuations in intensity as a function of time.

In order to check whether the phase diagram

FIG. 2. Inverse of the onset time for the initial formation
of the periodic spatial pattern (WD and GP) as a function of
the strength of the external noise. Lower curve: V& = 14 V,
upper curve: V2= 18 V.

depends qualitatively on the nature of the noise we
have carried out analogous experiments for other types
of external noise, like binomial or uniform noise, and
we have found only quantitative changes whereas the
qualitative features are not modified. A detailed dis-
cussion of these investigations will be given else-
where. ' In addition, we have checked how the corre-
lation time of the noise influences the structure of the
phase diagram. '4 These measurements can be summa-
rized in saying that —as one might have suspected-
the qualitative overall features remain the same as
long as the correlation time for the noise is very small
compared to the characteristic time scales of the sys-
tem. Furthermore, one finds that the direct transition
to turbulence appears at higher intensities of the noise
for longer correlation times. Another feature worth
mentioning is the fact that although the threshold for
going turbulent is monotonically increasing with in-
creasing noise voltage, the difference between the on-
set value for WD and DSM is monotonically decreas-
ing and eventually vanishes completely leaving one
with the direct transition to turbulence described
above.

To get additional insight into the phenomenon re-
ported we supplemented the evaluation of the phase
diagram by dynamic observations. We measured the
nonlinear onset time ~ necessary for establishing a
specific spatially periodic or incoherent structure after
a step change of voltage from a value corresponding to
spatial homogeneity up to a selected value as a func-
tion of the strength of the external, spatially homo-
geneous noise. For a deterministic voltage of Vi = 14
V and V2= 18 V our results are shown in Fig. 2. As a
striking result we find that both for the buildup of the
%'D pattern and the GP a linear dependence of the re-
laxation rate ~ ' on noise intensity 0 is observed with
slope for WD different from GP. For the DSM mode
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we find a more complicated nonlinear relation between
onset time and noise intensity but again ~ ' decreases
monotonically as a function of noise intensity.

In conclusion, we have demonstrated that external
multiplicative noise has a drastic influence on the tran-
sition to turbulence for the electrohydrodynamic insta-
bility in liquid crystals. This is in contrast with the ef-
fects generated by additive noise which is always
present and usually leads to a broadening of the transi-
tion regions. For moderate intensities of the external
noise we have found that the transition to spatial tur-
bulence can be suppressed. For high intensities we
found that a direct transition from the spatially homo-
geneous state to turbulence can be induced; this short
circuits any spatially periodic structures.

Finally, our experiments clearly show that the im-
portance of state-dependent noise is not restricted to
the spatially homogeneous systems studied previously
experimentally and theoretically in coupled nonlinear
oscillators, " for the two-mode laser in quantum op-
tics' ' and other fields. '
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