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Introduction

The rheological properties of liquid oryestale were firet investi-
gated through acoustically-execited flow by Kapustine and Statuni-
kov (1}. In the present investigation surface mcoustic waves
(3.A,W.) ere generated on a piezoelectric subastrate (lithium nio-
bate). The S.A.W. intermct with a liquid erystal nematic contai-
nmed within a ehallow cell set-up on the substrate within the
acoustie surface beam from en interdigital transducer. Only a
small volume of liquid cryetal 1s required thus permitting the
uee of s polarising microacope for observations of the fluid
phenomena. The acousto ~optic effect is estudied by the vardation
i the intensity of the light which has been reflected from the
liguid-orystal layer, using a photo-multiplier to receive the
reflacted light.

Bxperimental System

The general schematic lay-out of the experimental syestem is
iven in Fig. (1} and it shows the liquid-crystal test-cell
Pig. 2) (desecribed fully in (2))}and the interdigital transdu-

ger which is deposited on a lithium niobate crystal substrate.

The observing microascope 1g vertically disposed mrbove the cell

or alternatively sn image of the probed liquid-cell ares may be

projected onto the window of a photo-multiplier. The output of
the latter is measured by s digital voltmeter or, for dmamic
measurements, is displayed on s chart-recorder.

Observed Phenomena dus to Acoustic Field Applicetion

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 a few workers (1,2,3). The generally ace-
epted explmanation of the mcounsto-optic effect is in terms of
acoustie streoming arising from the radiation pressure of the
acoustic field (2,3,4,5). At low acoustlc intensities the(Fig)4)
'gtripe-domain! pattern is obeerved (1,2,3), which arises from’
the development of the Rayleigh-Bénard type of cellular vortices
that have m definitive %patinl period with their rotational axes
perpendiculer to the direction of wave propagation® This order-
ed type of fluid-flow becomee turbulent at higher mcoustic int-
enplties, the degree of dAisturbance 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 am
there is a continuoue deorease in the acoustic intensity requir-
ed to iniltiate acoustic streaming. At the largest thickness no
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atripe domaina were cbserved and the clarity of the cbBerved
acoustic flow pattern ensbled en estimate to be 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 framesa per
second and the flow velocity deduced by noting the movement of
some trapped dust particlea, or easily distinguishable disinelin-
ation lines, batween successive frames of the film.

Since the radiation pressure is proportivnal to the acoustic wave
intensity then, for a givem cell, the acoustic etreeming 1s ex-
pected to vary as the wave intensity. By apsuming a constancy of
the energy transduction process it followa that %o a first app-
roximation the ptreamimg velocity should be proportiomaml to the
acoustic intensity ms,measured by the square of the applied
transducer voltage (V). This deduction: appeered to be verified
for lower acoustical intensities i.e. before sirong turbulence
occurred (Fig.6).

Transient Measurements

In 1iquid crystal applications the tines taken to reach a new
state or to return to the initial conditlon are usually of prime
importanee. These rime (T,) end decay (T,) times were ewaluated
respectively by displayingatha cutput of Hhe photo-multiplier on-
the chart-recorder consequent upon applying end removing the
applied trensducer voltage. T, im defined as the time taken to
rise from 10% to B0% of the atﬂadg-stata optical transmission
while T, is the time to decay to 80J, of the atemdy-state optical
transmigsion. Typical cobservations are shown in Pig. , where

I denotes the liquid layer thickneas. The effect of inoressed
acoustic intensity is to produce decrease in‘T, but an increase
in T;,. The letter is seen (Pig. '?) to be very sBneitiva to
liqugd crystal layer-thickness.
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W see also Fig 5.
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BLOCK DIAGRAM OF _THE_SYSTEH

Fig. (1), & ,
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A-Photomultiplier or Cine Camera; B-Digital Voltmeter
or Chart Recorder; C-Timer-Counterj D-Light Source; E-
Microscope(Vickers M74); F-R.F.Voltmeter or oscillo-
- grope; G-C,W,Signal generatorj H-Liquid crystal cell;
T-Trensducer; I-Switch; J-R.F.Amplifier: Vb

¥Fig.J (a,b and ¢) above
are jthree recorde from a
cine-film illustrating
the development, with in-
creasing acoustic inten-
gitv, of & domain svstem
and its gsubsequent dis-
ruption,

_THE LIQUID CRYSTAL CELL

A-Liquid Crystal; B-Acoustic Absorber: C-Lithium
Nlobate Substrate; D-Melinex Film Separators; E-
Glass Cover Plata; T-Transducers: >

The coordinate axbs indicated in the diagram are

such that the vertical Oy is the optic axis of a
homeotropically aligned cell,

Fir.3 shows the 'field pattern' alons
the central axis of the transducer withg/i™
the existence of streaming, the lower
boundary of the fipure beins the feed-
ing-edpe.
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¥ig.4 ,sbove, shows
vortex motion near the
boundary of the liquid
orystal cell,

o

Lol ™

2
V2 (vole?)

328




