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Introduction

The rheological properties of liquid crystals were first investi-
gated through acoustically—excited flow by Kapustina and Statni—
kov (1). In the present investigation surface acoustic waves
(S.A.W.) are generated on a piezoelectric-substrate (lithium nio—
bats). The 3.A.W. interact with a liquid crystal nematic contai—
ned within a shallow cell set-up on-the substrate within the
acoustic surface beam from an interdigital transducer. Only a
small volume of liquid crystal is required thus permitting the
use of a pclsrising microscope for observations of the fluid
phenomena. The acoustot—optlceffect is studied bythe variation
in‘the intensity of the light which has been reflected from the
liquid—crystal layer, using a photo-multiplier to receive the
reflected light.

Experimental System

The general schematic-lay-out of the experimental system is
iven in Fig. (1) and it shows the liquid-crystal test-cell
Pig. 2) (described fully in (2))and the interdigital transdu-
cer which is deposited on a lithium niobate crystal substrate.
The observing microscope is vertically disposed above the cell
or alternatively an image of the probed liquid-cell area may be
projected onto the window of a photo-multiplier. The output of
the latter is measured by a digital voltmeter or, for dynamic
measurements, is displayed on a chart—recorder.

Observed Phenomena due to Acoustic Field Application

Using thin liquid nematic layers the sequence of events result—
ing from the application of an S.A.W. of increasing intensity
have been reported by afew'workere (1,2,3). The generally ecc—
eptsd explanation of the acousto-optic effect is in terms of
acoustic streaming arising from the radiation pressure of the
acoustic field (2,3,4,5). At low acoustic intensities the(fi§54)
'stripe—domainJ pattern is observed (1,2,3), which arises from
the development of the Rayleigh-Bfinard type of cellular vortices
that have a definitive spatial period with their rotational axes
perpendicular to the direction of wave propagation."l This order-
ed type of fluid-flow becomes turbulent at higher acoustic int—
ensities, the degree of disturbance being dependent both on the
thickness and breadth of the cell and on acoustical intensity
(6). As the cell thickness is increased from 12 to 254,um
there is a continuous decrease in the acoustic in ensity requir-
ed to initiate acoustic streaming. At the largest thickness no
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stripe domains were observed and the clarity of the observed

acoustic flow pattern enabled an estimate to he made of the flow

velocity from a study of the projected screen image of a cine

film of the phenomena. The film was recorded at 16 frames per

second and the flow velocity deduced by noting the movement of

some trapped dust particles, or easily distinguishable disinclin-

ation lines, between successive frames of the film.

Since the radiation pressure is proportional to the acoustic wave

intensity than}. for a given cell, the acoustic streaming is ex—

pected to Vary as the Wave intensity. By assuming a constancy of

the energy transduction- process it follows that to a first app—

roximation the streaming velocity should be proportional to the

acoustic intensity aezmeasured by the square of the applied

transducer voltage (V ). This deduction: appeared to be verified

for lower acoustical intensities i.e. before strong turbulence

occurred (Fig.6).

Transient Measurements

In liquid crystal applications the tinies taken- to reach a new

state or to return to the initial condition are usually of prime

importance. These rise (7‘ ) and decay (T) times were evaluated
respectively by displayingntbe output of Ehephoto-multiplier on-

the chart-recorder consequent upon applyingand removing the

applied transducer voltage. T is defined as the time taken to
rise from 102, to 802, of the etgedg-etate optical transmissionx
while '1' is the time to decay to OZ, of the steady-state optical

transmigsion. Typical observations are shown in Pig. , where

I. denotes the liquid layer thickness. The effect of increased
acoustic intensity is to produce i)deoreaee in’l’ but anincrease
in T . The latter is seen (Fig. to he very a nsitive to
liqugd crystal layer-thickness.

References ,

(1) 0.A.Kapuetine and YU.G.statnikov,30v.Phys.-IEPT“19.2.1974.

(2) J.S.Sandhu. H.G.B‘.Britton and R.W.B.Stephens IEEB
Ultrasonics Cont, New Orleans, 1979 (in- publication)

(3) KJIiyano and Y.R.Shen. Phys. Rev. A g, 6, 1977.

(4) T.P.North, W.G.Britton and R.W.B.Stephens, V
Proc. Ultrasonics International (1975)

(5) S.Nagai. A.Peters and S.Gandau, Rev.de Phye.App. p 21 (1977)

(6) J.3.5andhu. Ph.D. Thesis (Univ; of London), 1979.

ll see also Fig 5.
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   Fig.4 ,abare. shawls

vortex motion near the

boundary of the 11qu1d
crystal call.
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