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Influence of Immersion Ultrasound on Acousto-optic

Response of Nematic Liquid Crystals

Student: Cheng-Hou Yen Advisor: Dr. Ching-Chung Yin

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

Nematic liquid crystals (NLC) are optically uniaxial, birefringent materials.

insonified by obliquely e liquid crystal material

sandwiched between two ds a Newtonian fluid and
avsingle viscosity. Numerical
analysis based on the globa fatrix atigh, 1s performed to determine the
reflection coefficients and acoustic’ €ng listribution in the LLC. Experimental
results show that the realignment of NLC molecules is due to multi-modal
guided acoustic waves excited in LLC by changing the angle of incidence and
driving frequency. Numerical simulations indicate that most acoustic energy in
the middle liquid layer is contributed by the symmetric guided modes. The
symmetric modes play significant role on the acoustic realignment of NLC. In
addition, low frequency acoustic guided waves have stronger influence on
reorientation of the NLC molecules in a thin cell than that in a thick one.
Unfortunately, it is not distinguishable the effect of high frequency guided
waves on acoustic realignment of the NLC molecules under the present

experimental setup of immersion ultrasound.

Keywords: nematic liquid crystals, realignment of molecules, acoustic guided

waves, reflection coefficient, acoustic energy distribution.
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* T &
=—J- (- IG,J ;U;ds) dt (2.21)
He TS SHATFE*G oy 3 4 AE0N;;

U s FREER - ¥ g- B2 & in=edsda > Tn =56, 4 F

BLi~ % 4

u, =Re(U.e™") (2.22a)
GRS A g Y

U, = Re(—ial,e™") (2.22b)
Fmad ogs

oyn; =0y = Re(S, &™) (2.22¢)
F (2.22b)N H(2.220) N AT BN E R o - K E T E

= w{U, cos(mt) —U,sin(wt)} (2.23a)

o;, = Si cos(wt) + S, sin(wt) (2.23b)
F(2.23a)58 2(2.23b)58 & » 221)58 7 4@

E, = —% [1m(U;s;) d, (2.24)

¢ ImU,S))=U,S, -U.S,
B2k i B XX B G i B AL X e B X,k (B ehsE gk

i B )Y B D, B AT B B2 R~ (2.92)

15



XV (2.9b)50 #2(2.10a) 0 ~ (2.10c) 7 1@
rc;meinm(xz—ym_l) )
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Cl-meinm(ym_l—xz)
\Cz_meivm(ym—l_xz) /

{:m } =[Am Bm), rexpi(kx, —at) (2.252)

m

KC+ ei”'"(xfqu) A
Im

C, ey

m

Cl_ elﬂm (ym_l_xz)
m

C2_m eivm Ym1=%)

rexpi(kx, — ot) (2.25b)

o)
{ m}=[G(m) H(m)]
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Frequency Element Diameter Near field distances
(MHz) (inch) (inch)
1.0 0.50 1.043
2.25 0.50 2.374

5.287
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% 6 k3T B New Focus 1801 =342

Description

Specification

Wavelength Range
Coupling

3-dB Bandwith
(DC versions)
3-dB Bandwith
(AC versions)

DC Bisa Monitor Bandwidth
(AC versions only)
Risetime
Transimpedance Gain
(AC-coupled version)
Transimpedance Gain
(DC-coupled version)
Output Impedance

Minimum NEP*

CW Saturation Power
Maximum Pulse Power
Detector Material/Type
Detector Diameter

Power Requirements

Optical Input

RF Output

DC Bias Monitor output
(AC-coupled units only)

300-1050 nm
DC or AC

DC-125 MHz (typical)
25 kHz-125MHz (typical)

DC-50 kHz (typical)

5mW
Silicon / PIN
0.8 mm

+15V DC; 250 mA

Free space (FS)
SMA

SMB
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308 B BB WA S G BT 4

i R 50 53 56 59 62 65
(pm)
LA B A EATEHROE AR RIS (MHz)
S 0.773  0.760  0.746  0.734  0.722  0.711
S, 2.719 2.661  2.649
S, 5.073 5035  5.027
# % (MJ/s)
S, 98.24 89.46  87.13
S, 4463.83 4294.53 12 3979.88 3834.71 3697.40

19185.6 18358.1 17601.2 16910.0 16279.2 15704.9
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%9 F stiadic

i BT R B S e B L R T

e e 1100pm/50um/1100um 600um/65um/600um
FitithEic w B RoRN B FathE wBY RN E
g FAEE SEE ER &G J AR AR AR %o
~ btk Wik 3 R HoAHoR AR R HRAHR
(degree) ) A = BEAL A 5 fi A 5 HCAL A #p
(MHz) & (MHz) (MHz) & (MHz)
(MHz) (MHz)
S, 0.756 0.773 0.740 1.008 1.040 1.100
S, 2.691 2.719 2.640 4.508 4.626 4.520
20 S, 5.021 5.073 4.920 NA NA NA
A 2.376 NA NA 4360 NA NA
A, 4.901 NA NA NA NA NA
S, 0.769 0.787 0.740 1.020 1.053 1.100
S, 2.788 2.818 2.740 4.644 4.774 4.660
21 S, NA NA
A NA NA
A NA NA
S, 1.067 1.100
S, 4.941 5.120
2 S, NA NA
A NA NA
A NA NA
S, 1.085 1.100
S, 5.143 5.180
23 S, NA NA
A NA NA
A NA NA
S, 0.818 0.844 0.800 1.063 1.104 1.180
S, 3.241 3.281 2.860 5.203 5.398 5.400
24 S, NA NA NA NA NA NA
A 2.725 NA NA 5.006 NA NA
A NA NA NA NA NA NA
S, 0.842 0.872 0.800 1.082 1.127 1.180
S, 3.522 3.568 2.900 5.502 5.739 5.800
25 S, NA NA NA NA NA NA
A 2.864 NA NA 5.265 NA NA
A NA NA NA NA NA NA
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