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Equations are derived giving the transmission as a function of incident angle for ultrasonic waves
passing through a liquid crystal cell. These equations are tested experimentally and compared
with the light transmission which occurs via the “acousto-optic effect.”” Maximum light transmis-
sion is found to occur for angles of maximum ultrasonic transmission. It would appear the equa-
tions can be used to prescribe cell design for maximizing the effect fora given ultrasonic frequency.

I INTRODUCTION

Normally no light is transmitted if a homeotropically aligned nematic liquid
crystal cell is placed between crossed polarizers. However, light is transmitted
if an ultrasonic wave is directed to the cell. Since 1976 it has been known' that
the mechanism responsible for the effect is acoustic streaming. However, the
dependence of the transmitted light intensity upon the incident ultrasonic
angle is not understood. In 1978, Letcher, Lebrun, and Candau’ reported for
their cells the effect took place in a relatively narrow range of incident angles,
27to 30 degrees. In 1977, Nagai, Peters and Candau® and, in 1978, Nagai and
lizuka® reported the transmitted light intensity as a function of ultrasonic fre-
quency and incident angle. Their results indicated the transmitted light inten-
sity increased with increased ultrasonic transmission through thecell. In 1979,
Perbet, Hareng, and LeBerre* reported strong light transmission at incident
ultrasonic angles of maximum and minimum ultrasonic transmission. Also, in
1979, Lebrun, Candau, and Letcher® reported the narrow angular range for
the effect becomes broadened if very thin glass is used for the cell walls.
In this report we describe the study we have undertaken to analyze the angu-
lar dependence of this effect. In Section II a theory is developed which gives
the ultrasonic transmission of the cell as a function of: incident ultrasonic an-
gle, ultrasonic frequency, speed of the ultrasonic wave in the fluid(s) surround-
ingthe cell, density of the liquid crystal, density of the fluid(s) surrounding the
69
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cell, density of the cell walls, speeds of the longitudinal and transverse waves in
the glass, thickness of the cell walls, thickness of the liquid crystal and ultra-
sonic speed in theliquid crystal. Since each of these quantities are measurable,
as well as the actual transmission, the final equation can rigorously be tested
experimentally. The results of such testing is reported in Section ITI. A com-
parison is also made in this section between ultrasonic transmission and sensi-
tivity to the effect. This comparison gives insight into the results mentioned
above by other researchers. We also obtain results for the angular dependence
of striations which often appear in the cells. In the final sections conclusions
are drawn from these observations.

Il THEORY

To obtain an expression for the transmission of an acoustic wave through a
liquid crystal cell, we will use the coordinate system of Figure 1. Although
experimentally we will immerse the cell in water the expression will allow the
fluid on each side of the cell to be different.

Since fluids support no shear waves we will only have one wave function in
the water and liquid crystal regions, a wave function for the compression wave:

FLUID R

GLASS ;\

Ligup CRYSTAHL

2

v
%

GLRARSS

FLUID B

FIGURE 1 Givesthe coordinate system for the liquid crystal cell. The origin is at the first glass-
liquid crystal interface for the initial matrix calculation and is moved for the final matrix calcula-
tion to the lower glass-fluid B interface.
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_ (¢: iaz + ¢»e—iaz)ei(ax—wl) (l)
In the glass we will have an additional function for shear:
‘I’ — (\I,'eiﬂz + ‘I,ue"iﬂz)el(ax—wl) (2)

We note that the x component of the wave number, o, is the same for both
types of waves. Due to Snell’s law we further see o is the same in each medium.
The material speeds may be found from

d o
=22 _2% ©)
ax 0z
and
i . av
v =—+ — 4
g ox 0z “)

The wave speeds may be expressed in terms of the Lame’ parameters (A, u)and
the density, p. The longitudinal speed is given by

c= A+ 2u )
vV p

b= [£ 6)
p

For the fluid region the only stress is the pressure, since u = 0, but for the glass
regions we must generalize to

and the shear speed by

—A(—x+—z)+2u;z V)]

Oy ou;
Z, = + ) 8)
”( 0z ax (

where u, and u, are material displacements from equilibrium in the x and z
directions, respectively. These displacement components are related to the
speed components by

Uy =—x e)]

U, =—z (10)



Downloaded by [Tomsk State University of Control Systems and Radio] at 02:55 23 February 2013

72 C. F. HAYES

As indicated in Figure 1 we use the subscript 1 to denote the water glass
interface at z = d. We let

P=ad = wdcos 8/c and Q = Bd = d cos y/b

Combining Eqs. 1-4 and 7-10 we have

le ¢’ + ¢”
vz, ¢r — ¢n
z; =4 V-V (11)
1
—_—z, v+ g
2u
where
io cos P —asin P
—a sin P ia cos P
i 1
A=} —— K+ 2ua’)cos P  — (Ak*+ 2ua’)sin P
w w
2 sin P —tad cos P
w w
—if cos Q Bsin Q
—osin Q ig cos Q
_2'
—Zlkg B cos Q 2uap sin Q (12)
w w
l el 2
L w-pysing B9 o
2w 2w
For interface 2 we write a similar equation:
Vi, ® + ¢"
vz, ¢; _ ¢Il
z,, =B} ¥~V (13)
1
—_ zxz ‘I” - .‘I’ll
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where Bis obtained from A by letting P — Q = 0. Of more interest is the inverse
of B:

—Iil;a 0 i;z 0
"
0 —i(—o* + B%) 0 2iow
ak? ak?
B'= (14)
i(Ak + 2a°p) iow
—_— 0 = 0
Buk BukK
0 ~2e/K* 0 =

We are using the notation of Brekhovskikh’ and Spielvogel.® We take

kK =d'+a* (15)
KZ — O_2 + ﬁZ (16)

and use
uK*=k'Qu+ 1) 7

from Egs. 5 and 6.
Combining Egs. 11 and 13 we have

Vx1 Vx2 Vx2
Va1 123 Va2
251 =AB'Y z,, JFa Z2 (18)
1 | 1
Z Zx) E;‘ ¥4%) 2—“‘ Zx2
we let sin § = o/k and sin v = a/k so the components of a are
ay, = 2 sin’ y cos P + cos 2y cos Q (19)
ai; = i(tan 6 cos 2y sin P — sin 2+ sin Q) (20)
au = Si:co (cos @ — cos P) 1)

ais = —2ib(tan @ sin y sin P + sin Q cos ¥) (22)
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ay = i[b cos §sin2ysin P _ tan y cos 2+ sin Q] (23)
€ Cos vy
@z = cos 2y cos P+ 2 sin® ¥ cos Q (24)
ay = = (cos @ sin P + tan =y sin 0 sin Q) (25)
pc
a2 = 2b sin vy (cos Q@ — cos P) (26)
ay = 2pb sin y cos 2+ (cos @ — cos P) 27
2
2
a3 = —ip (c 0% Z¥ in P + 4b cos v sin’ v sin Q) (28)
cos
as3 = cos 2y cos P + 2 sin’ y cos Q (29)
a3 = 2ipb* (cos 2 tan @ sin P — sin 2+ sin Q) (30)
2 2 i
au = =2 cos g sin? y sin p + L2750 Gy
c 2b cos vy
in 0 2
aqy = w(cos Q —cos P) (32)
c
i in 20 sin P 29 t i
4o = _(sm 2sm __cos 2y arzl 7y sin Q (33)
2p ¢ b
a4 = 2 sin’ y cos P + cos 27 cos Q (34)
The last component of Eq. 18 is
1
e Za = @uVx2 T QaVi t+ QuaZaz + Gz /2 (35)
m

This equation describes what happens at the glass fluid interface. However,
since there can be no transverse stress in the fluid we must also have no trans-
verse stress in the glass at the boundary: z;, = z;; = 0. Therefore Eq. 35 re-
duces to

Qa2+ A2V + a432: =0 (36)

Incorporating Eq. 36 into Eq. 18 we obtain

dnas a)11a43
Vo = (an - ) Va2 + (an - ) 2 37
asy as)

<sz) <M1 M2)<V22)
= (38)
r43 My My \z:2
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where
M, = ay; — a11a42/4d4 (39)
M, = ays — ay1a43/d4) (40)
M; = asy; — as1a4/04 (41)
M, = a3 — as1a43/04) 42)

In a fluid b = 0 and y = 050 to relate v, and z, between interfaces 2 and 3 we
have analogous to Eq. 38:

V22 ay’ axy'\ [v:
Z:2 azy) a3’/ \Zz

where
axn' = cos Prc (44)
—isin P 0

4y = i sin Prc cos Oic 5)
pLC CLC

032' — —lpl_cCLc sin PLC (46)
cos B¢

asy’ = cos Pyc, CY)]

where the LC subscript refers to the value of these parameters in the liquid
crystal region.
We have for the second glass region:

<st> (Mx Mz><vz4>
= (48)
Z23 M; Myj\ z:4

where the M/s are given in Eqs. 39-42. Egs. 38, 43, and 48 combine to give
V21 Ci Co\[vx
= (49)
Zz Cy Cof\zz4
C G M, M)\ [ax' ax'\ (M M,
= (50)
C3 C4 M3 M4 032' 033' M3 M4

Equation 49 relates the zcomponent of stress and velocity of interface 1, the
first interface the incident wave encounters, to interface 4, the final interface of
the cell. We may now match the incident wave with interface 1 and the trans-

mitted wave with interface 4 and thereby find the acoustic transmission of the
cell. We will change the origin of the coordinate system in Figure 1 soit liesin

where
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interface 4 and take the complete cell thickness from 1to 4 to be H. Then for
the initial wave we have

¢a — [¢;eia.(z—H) + ¢Ze—ia.(z—”)]e—i(a.x—wl) (51)
¥.=0 (52)

where ¢” is the amplitude of the incident wave and ¢’ the amplitude of the
reflected wave. The wave is traveling in the negative z direction.
Similarly for fluid b

d’b - ¢fbue—iaaze|’(a.x—ml) (53)
for the wave transmitted through the cell. Using Egs. 3, 4, and 7-10 and omit-

ting the common factor of " *” we have
Vxa = i0a(@a + ¢a) (54)
Vza = ita(Pa — ¢2) (55)
Zm=10 (56)
20 = —lwpa(da t ¢2) (57)
Vb = Eobb” (58)
Vo = s b (59)
Zp = iwppPb” (60)
From Eq. 49 we have
(—aa(d); - ¢Z)> _ <C| Cz) < as ¢L">
= * (61)
wpa(Pa + ¢7) Cs Cy wps "
We define the transmission coefficient as
D = ppds”/ pahi” (62)
and the reflection coefficient as
V=¢u/¢a (63)

Equation 6! provides the means by which these coefficients may be evaluated.
To calculate the transmitted acoustic intensity we must evaluate |D|. Care
must be taken in doing so, however. The longitudinal speed in the glass is over
three times the speed in the water. Use of Snell’s law shows the critical angle
for the two types of glass we use occurs at 15 degrees and 15.5 degrees. Sim-
ilarly, the shear wave speed in the glass is over twice the longitudinal speed in
the water. For the two types of glass we use the critical angle for this type of
wave is exceeded at 25.5 and 27 degrees. Therefore, we find three regions for
the angle of incidence. A separate equation for the transmission must be found
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for each region: the region where no critical angle is exceeded, where only the
critical angle for the longitudinal wave is exceeded and where both critical an-
gles are exceeded. For example, in the second region taking 8 to be the angle
for the compression wave in the glass and 8, in the water we have from Snell’s
law

C sin 6, S C sin 6,

sin 6 = - o if—Ca_>l then
cos 8 — in/sin? 6 — | (64)
sin P —isin h|P| (65)
cos P—cos h|P| (66)

Similarly, if both critical angles are exceeded we must make changes in cos 7y,
sin @, and cos Q.

Therefore, certain terms which are real in the matrices for one region will be
imaginary in another. Nevertheless we do find for all regions:

46’ pi/ a}

ac 2 Za C 2
[wpblc4|+wpl xl] +[|C3|+wppbl 2|
[+ 71

|D|? = (67)

ap Qg Op

although the form for | C;| will change for each region.

Equation 67 will be the basis of comparison for the measurements we will
make for the amount of ultrasound transmitted through the liquid crystal cell.
It should be noted that Eq. 67 does not include any damping due to either
viscosity or surface waves in the cell. Furthermore, we have omitted the small
anisotropy for the speed of sound which occurs in liquid crystals. The latter
simplification appears to be less severe than the former ones.

Il EXPERIMENT

A Single layer verification

To test Eq. 67 experimentally, we start with the simple case of a single sheet of
glass rather than the liquid crystal cell mentioned above. For this case the | Ci|
reduce to the |M;| of Egs. 39-42.

Two Panametrics Model V302 transducers are used for the transmitter and
hydrophone. The transmitter is driven by a Hewlett-Packard Model 3312A
function generator in the amplitude modulation mode externally modulated
by a Hewlett-Packard Model 3310A pulse generator. Pulses were typically 25 u
sec in width containing approximately 20 cycles per pulse. The frequency is
measured using a Hewlett-Packard Model 5326A timer/counter. The glass
sheet is placed in the center of a water tank 30 cm X 40 cm X 60 cm. The
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acoustic transmitter is located 8 cm from the glass sheet with the hydrophone
approximately the same distance on the other side. The glass is suspended by
an angular positioning device allowing orientation to the nearest degree to be
specified. Initial alignment is facilitated by a laser. The signal from the hydro-
phone is amplified and sent to both a PAR Model 160 boxcar integrator and
Tektronix 564 oscilloscope. For the data on the graphs presented in this sec-
tion the values are read from the oscilloscope.

The glass sheetsare 15cm X 15¢cm X 0.16cmand 15¢cm X 15cm X 0.0146
cm, respectively. The diameter of both the transmitter and hydrophone are 2.5
cm. By noting the time of the various pulses displayed on the oscilloscope the
reflection source may be identified. As the orientation of the glass changes the
times between the reflection pulses and main pulse changes. The largest re-
flected pulse amounts to 10% of the main pulse.

The following constants are used for the thicker glass, longitudinal and
shear speeds: 5.61 X 10° cm/sec and 3.32 X 10° cm/sec, respectively, with a
density of 2.54 gm/cm’. For the thin glass these values are 5.81 X 10° cm/sec,

L - | CREE= ._J.. s S=mes s RS il |
R 2@a | . | b 17
ANGLE E IN DPDEGREES 1

FIGURE 2 A graph of the ratio of voltages from the hydrophone with and without a single
sheet of 1.6 mm thick glass as a function of angle. Therefore, this graph shows the acoustic trans-
mission of the glass as a function of angle. The crosses are experimental points. The solid line is
from Eq. 67 for | D |. Since each factor in the equation is measured there are no adjustable parame-
ters used to induce the fit. Therefore, the graph represents a severe testing of the theory. For this
graph the thicker glass cell is used and a frequency of 0.858 MHz. No correction is made for the
finite acceptance angle of the hydrophone.
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3.48 X 10° cm/sec and 2.51 gm/cm®, respectively. The thicker glass is float
glass obtained from PPG Industries. The manufacturer supplied the values of
Young’s modulus, 1.0 X 107 1b/in?, and the Poisson ratio, 0.23, from which
the above acoustic speeds are obtained. The thin glass is obtained from Corn-
ing Glass Co. which supplied the shear modulus, 4.4 X 10° psi, and Poisson
ratio, 0.22, from which the acoustic speeds for the thin glass are calculated.

Figure 2 is a graph of the ratio of the hydrophone voltage with the glass
present to that without. The abscissa is the angle between the normal to the
glass plate and that of the acoustic beam. The crosses are the experimental
values obtained approximately every degree. The solid line is the theoretical
result from Eq. 67 for |D| using the above constants.

It should be noted that there are no adjustable parameters used in this graph
since each constant of Eq. 67 is known. There are two peaks of 100% transmis-
sion in the theoretical plot at 16.5 degrees and at 35.4 degrees, as well as a dip
to zero transmission at 15.9 degrees. Experimentally the crosses in the graph
show the upper peak, though shifted to 34.5 degrees and reduced from 100%
to 70% transmission. The lower peak and dip are missing, however. These dis-
crepancies are due in part to the finite acceptance angle of the hydrophone.
Figure 3 is identical to Figure 2 except each point on the theoretical plot is

1.8
AMPLITUDE

RATIO

@ a 2 a3 —a =@

ANGLE € IN DEGREES 1]

FIGURE 3 Identical to Figure 2 only correction is made for the finite acceptance angle of the
hydrophone.
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averaged over the values for 3 degrees on each side. The averaging brings the
upper peak down to a maximum of 82.9% and places it at 35.2 degrees as well
as greatly reducing the lower peak and almost eliminating the dip. This aver-
aging will be performed in the subsequent graphs.

Figure 4 shows the comparison of theory and experiment for a single sheet
of the thin glass. The theory appears to uniformly predict two to three percent
higher transmission than what is realized experimentally, in agreement with
Figure 3. Considering we have omitted any dissipation of the sound wave we
would expect such a result. A frequency of 0.858 MHz is used for Figures 2and
3and 0.857 MHz for Figure 4. For the thicker glass the resulting wavelengths
for the longitudinal and shear waves are, respectively, 0.65 cm and 0.39 cm. The
ratio of wavelength to glass thickness is 0.25 and 0.41, respectively. For the
thinner glass the longitudinal and shear wavelengths are 0.021 and 0.036, re-
spectively. It is this smaller ratio for the thin glass which makes it suited for the
nematic cell exhibiting the acousto-optic effect. We shall see the uniform
higher sound transmission allows for a greater light transmission in the acousto-
optic effect with less angular sensitivity.

| o
L "’. L

r —ee
RATIO L R e e L L R

1a 28 32 - ==

ANGLE L IN DEGREES )

FIGURE 4 A graph of the ratio of voltages from the hydrophone with and without a single
sheet of 0.146 mm thick glass as a function of angle. The frequency is 0.857 MHz.
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B Liquid crystal cell Investigation

The nematic liquid crystal is 4-cyano-4'-n hexyl biphenyl commonly known as
K18. The transition temperature for the crystal to nematic phase transition
occurs at 14.5°C and the nematic to isotropic transition at 20.4°C. It is ob-
tained from Atomergic Chemetals Corp. and used without further purification.

Each cell is constructed by coating two glass sheets with lecithin to promote
homeotropic alignment of the liquid crystal. The coated sides are placed next to
one another with 80 um spacers at the edges. The liquid crystal is then in-
troduced at the glass edges between the spacers and pulled into the cell by capil-
lary action.

After the cell has been filled with the nematic the edges are coated with wax.
Epoxy is then applied at all edges. The wax is used to prevent the nematic from
reacting chemically with the epoxy. For cells made with the thin glass the cell is
mounted in a plexiglass frame for added support.

The acoustic wave for these cells is generated by the method described
above or with a Medi Sonar Model 1100 ultrasonic generator. The latter oper-
ates at 1 MHz and is used when greater power is required. Intensities of 1.1
Watts/cm’ may be obtained with this unit.

For measurement of the light transmitted by the acousto-optic effect a 150
Watt lamp is used. Light passes through the liquid crystal cell, a second polar-
izer with an axis oriented at 90 degrees to the first, and to a photomultiplier.
The signal from the photomultiplier is amplified and sent to a digital voltmeter.

Figure 5 shows the ratio of voltage of the hydrophone, with and without the
liquid crystal cell, as a function of angle. For Figure 5 the cell is constructed of
the thicker glass and an acoustic frequency of 1 MHz is used. The crosses are
the experimental ratios and the solid line is the theoretical value of the abso-
lute value of D from Eq. 67. The solid points on the graph are for the light
intensity in arbitrary units transmitted via the acousto-optic effect.

It would appear the acousto-optic effect is operative when the cell configu-
ration allows maximum transmission of sound. This result appears to explain
theresults of Letcher, Lebrun and Candau® who reported a strong optical sig-
nal for only a narrow range of incident angles, 27 to 30 degrees. This result is
also in agreement with Nagai, Peters and Candau’ who found a correlation
with experimental acoustic and optical transmission. Equation 67 also ex-
plains their results for acoustic transmission versus film thickness, their Fig-
ure 7. Also, the broadening of the transmission for thin glass as reported by
Lebrun, Candau and Letcher’is explained. This result is in disagreement with
that of Perbet, Hareng and LeBerre® who report an optical signal for large
acoustic reflection. We find no optical signal for large acoustic reflection.

If we conclude that Eq. 67 may be used to predict maximum acoustic trans-
mission and therefore maximum transmitted light from the acousto-optic ef-
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FIGURE 5 A graph of acoustic transmission through a liquid crystal cell made of the 1.6 mm
thick glass as a function of incident acoustic angle. The acoustic transmission is measured as the
ratio of voltage from the hydrophone with and without the presence of the liquid crystal cell. The
solid line is the theoretical value of | D | from Eq. 67. The crosses are the measured values of acous-
tic transmission. The filled circles are measured values of transmitted light intensity via the acousto-
optic effect using arbitrary linear units. It should be noted that the maximum light intensity occurs
at the incident angle for maximum acoustic transmission.

fect it would appear the equation could be used to prescribe how a given cell
should be made for a particular acoustic frequency. Or if the cell size is deter-
mined by other considerations, Eq. 67 could be used to prescribe the acoustic
frequency which should be used. For instance, for the thicker glass cell used in
Figure 5, assuming an incident angle of zero, Eq. 67 is used to determine the
acoustic transmission. See Figure 6. The results indicate that an acoustic fre-
quency of around 500 kHz would give the best results.

For Figure 7 the cell was constructed of the thinner glass sheets. Again we
see as the acoustic transmission increases more light is transmitted. In com-
paring Figure 7 with Figure 4 and Figure 5 with Figure 3 we see the difference
in the theoretical sound transmission and experimental sound transmission
increases as one changes from a single glass sheet to a liquid crystal cell. The
increase is reasonable since the means of dissipation has increased. The flows
induced in the liquid crystal which give rise to the acousto-optic effect are in
fact an added means of dissipation of the acoustic energy.

Another means of dissipation is the surface wave generated. Figure 8 shows
a series of photographs for the cell viewed between crossed polarizes. The pho-
tographs labeled A to F have the incident acoustic beam at angles 0°,4°, 12.5°,
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FIGURE 6 A graph of acoustic transmission as a function of acoustic frequency. The solid line
isthe theoretical value from Eq. 67. The crosses are the experimental values. There are no adjusta-
ble parameters used to induce the fit since each parameter in Eq. 67 is known or measured. A
liquid crystal cell made of 1.6 mm thick glass is used for thes¢ results.
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FIGURE 7 Similar to Figure 5 only the liquid crystal cell is constructed of thinner glass, 0.146
mm thick. The filled circles represent measured values of transmitted light intensity via the acousto-
optic effect.
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8o

D

FIGURE 8 A series of pictures of the liquid crystal while excited by an ultrasonic wave. The
spacing between the resulting vertical lines is seen to decrease with increasing acoustic angle. The
angle of incidence for each picture is: A. zero degrees B. four degrees C. twelve and one half de-
grees D. fifteen degrees E. negative seventeen degrees (from the right rather than left) F. thirty
three degrees

15°, —17° (from the right rather than the left), and 33°. The dark circle with the
knob on the left in the photographs is the acoustic transmitter. The small tilted
rectangle in each picture is a spacer. In each picture vertical lines are shown. In
the absence of acoustic waves these lines disappear. The light transmitted in
each line is the result of acoustic streaming in the liquid crystal (i.e. the acousto-
optic effect). As the angle of incidence increases the distance between the lines
decreases. Figure 9 is a graph of the line spacing as a function of angle. If we
imagine a plane wave of incident angle, 8, coming to the cell surface the com-
ponent, d, of the wavelength along the surface is given by

d=-2 (68)

sin

We would expect a surface wave to be generated and the distance between the
lines to be proportional to d. Since for normal incidence Eq. (68) shows d to
become infinite we generalize the equation to

line space = a/sin (6 + b) (69)

where g and b are constants. The constant b should result from the divergence
of the incident acoustic beam. The continuous curve in Figure 9 is for Eq. 69
witha = 1.25mmand b = 14.38 degrees. Lines similar to these have been re-
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RNGLE C IN DEGREES 2

FIGURE 9 A graph of the distance between the lines such as those shown in Figure 8 as a func-
tion of incident angle. The solid line is the fit from Eq. 69.

ported by Perbet, Hareng, and LeBerre.’ The angular dependence we observe
lends support to their claim that the lines result from surface waves.

IV CONCLUSIONS

We have developed an equation to allow evaluation of the acoustic transmis-
sion through a liquid crystal cell as a function of incident acoustic angle, fre-
quency and thickness, density and acoustic speeds of the materials in the cell.
Although a number of simplifying assumptions are made in the derivation,
such as omitting viscous dissipation, we find good agreement between the
theoretical prediction and the experimental realization for acoustic transmis-
sion. We also find a positive correlation between the maximum acoustic
transmission and the maximum sensitivity for the acousto-optic effect. There-
fore, the transmission equation may be used to prescribe cell structure and
acoustic frequency for the utilization of the acousto-optic effect. The maxi-
mum acoustic transmission of the cell occurs at those angles where the com-
ponent of the incident wavelength along the glass surface matches the wave-
length of a flexural or peristaltic wave along the glass at the imposed acoustic
frequency. Therefore, the maximum acoustic transmission occurs when the
liquid crystal boundaries have their largest amplitudes of oscillation and
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therefore when streaming of the liquid crystal is maximum. This result is im-
portant for the resolution of a visualized acoustic wavefront pattern. To in-
crease the resolution we must not only dampen the lateral flow of the liquid
crystal but we must also dampen the lateral flexural or peristaltic wave in-
duced in the glass walls. There are several means of inducing such damping.
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