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Student: Yu-Wei Su Advisor: Dr. Ching-Chung Yin

Department of Mechanical Engineering
National Chiao Tung University

ABSTARCT

Nematic liquid crystals (NLC) are optically uniaxial materials. Their aignments
are easily disturbed by applied external fields such as electric, magnetic, acoustic
fields. A changein the refractive index of NLC results from the realignment of liquid
crystal molecules. The influence of -acoustic. waves on the optical transmission
through the liquid crystal cell is called the acousto-optical effect of NLC. The liquid
crystal molecules do not be directly:perturbed by obliquely incident acoustic beam.
Instead, they are influenced by the acoustic guided waves which are induced by the
refracted ultrasound into the sandwiched liquid crystal cell. This thesis investigates
the acousto-optical effect on vertically aligned NLC due to acoustic guided waves in
liquid crystal cells based on experiments and theories of ultrasound.

In experiments, the liquid crystal cells are placed in a holder within a water tank
and are obliquely insonified by an immersion ultrasonic transducer in a broad
frequency range from 0.2 to 7 MHz. The acousto-optical effect was observed by a
variation of optical transmission through the cell. The optical transmission was
measured as a function of the gap of liquid crystal cell, acoustic intensity, incident
angle and so on. Experimental evidence indicates that optical transmission becomes
significant at the occurrence of acoustic guided waves in the cell. The optica
transmission not only reaches saturation with the increase of acoustic intensity and
duration but also collapses and followed by becoming saturated again. It seems that
realignment occurs once the molecules rotate over an extreme tilt angle.

The comparison of experimenta results and the simulated dispersion curves of



acoustic guided waves in liquid crystal cells done by Shih shows that S, S; modes
have strong effect on the realignment of liquid crystal molecules. The Ay mode has
only sight influence. In addition, liquid crystal apparently has faster response in high
frequency range than at low frequencies. Even though the response time does not
reach the required commercial standard, it is worth further investigation on acoustic

realignment of liquid crystals using guided waves.

Keywords: nematic liquid crystals, acousto-optic effect, acoustic guided waves,

realignment of molecules
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A S HEHEEE > oB 28977 0 P T HH - Be P (xyT )
Fh X ek @R y=this THEGpd @R o xy T
mphoo AL PE S AT RG F AR A 2 e A N
(mode-conversion) > T Pt enk s+4 & Pgr SV ik > SV i ehk s 4
S PESV g TAPME > AR X D e BRSEER - S
Fego ATHE2 ER > (Ty > w) PESV AT ML EiR
B o Bl 0 A RAEF T o B A RS B iR R Fa
BB e R RRECE DEER -

AP ER EFRF LR A 2 b o FLAMIER - 23
Royer [13]: % w T 45 43 LA HRE 538 o

w* tan( ph+
O _ geq?|1- Planph o) (2.29)
g tan(gh*a)

2

Cr
H g / 2_k2';r;, 2N 2/ 2—-k2’ S T Yoo o
He p’= CL Um0 /G O = o CL = St R
G AR K SRR Y T (y=0)7 3 0 BE
AT A G (symmetric) o F i fi(@nti -symmetric) B &8 & A & o
(2.29)5% thar =082 71/2 4 ] 1% 4 HHALL F SRR > H RS R 8

ETINS

v

U = QA{cos(qxz +a)- k22i—<2q2 5352212;005( pX, +a) (2.303)
u2:ikA{sin(qx2+a)+ quzcos(qh+a)sn(px2+a) (2.300)
k? —g’ cos(ph+a)
AR RIN o AR PR S AT AT
S &
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2k>
qA(l— )

(2.31)
u, = ikgAl 1+ 22p22 X,
k®—q
Aoti-is =
k2+ 2 k2+ 2
U —q2Ak2 _32 X, ;—szkz_gz X,
< @ (2.32)
U, = ikgA—— 3
k2 _q2
Sn1 s &
u, =0, u2:—pB§n[QmE;QE%%} (2.33)
Sn s &
W = chos(n;r Xﬁj u,=0 (2.34)
Ant 1505 &
w=—qA9ﬂF%n§9£${r u,=0 (2.35)
Ao - 15 &
u, =0, =—-pB co{nn —j (2.36)
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AERF AL E R R SR Y IR B R B RAE

N T T G R R 8 S RLE AT R )
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333 k5% Kk TRAHE ki B 7 5

FTHRLTRRAFT A Tt AR bz BEIBRELRRE
SRBAT AT AL R A FE B BT R (-
Ao Uk FEPIB(power meten) £ R R R 2§ 5 T8 £
BB R Bend RG> A7 dlicdpde & 35 477 o 1 E]
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4 1 w53 & 5CB it 48k
58 /°C 24
FhEs IPC 355
4LB [cP(25°C) M 129.6
1 22.9
N3 37.4
174t % #c (20°C, 632.8nm) N, 1.706
n, 1.530
An 0.175
i %% # (25°C) G 19.7
€, 6.4
Ag 13.3
S+ % i /dyn(22°C) K, 6.4x10
K 10.0x107
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F 2 g ke AR

Frequency Element Diameter Near field distances
(MH2z) (inches) (inches)
1.0 0.50 1.043
2.25 0.50 2.374
5 0.50 5.287

# 3 e TR Sk

Certified refractive index Jiquids
seriesA Ny »5c=1.540.0002

N 1.4967+ 0.0010

Ne 1.5086+ 0.0010
Ne — N 0.0119
abbe v, 42.0

n, temp. coef. -0.000401/ +°C
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% 4 % Fdc ®B New Focus 1801 4Lt

Description Specification
Wavelength Range 300-1050 nm
Coupling DCorAC
3-dB Bandwith :
(DC versions) DC-125 MHz (typical)
3-dB Bandwith :
(AC versions) 25 kHz-125MHz (typical)

DC Bisa Monitor Bandwidth

(AC versions only) DC-50 kHz (typical)

Risetime 3 ns (typical)
Transimpedance Gain 40 V/mA (AC)
(AC-coupled version) 1V/mA (DC)
Transimpedance Gain

(DC-coupled version) T

Output Impedance 50 Q

Minimum NEP* 3.3 pW/+/Hz

CW Saturation Power 120 uyW @ 950 nm
Maximum Pulse Power 5mw

Detector Materia/Type Silicon/ PIN
Detector Diameter 0.8 mm

Power Requirements +15V DC; 250 mA
Optical Input Free space (FS)
RF Output SMA

DC Bias Monitor output

(AC-coupled units only) SMB
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5 X EHNLT

@;g;iaﬁg?l» £ X EPEHR L

T RE By~ Bt SR RIE
Vv mw
0.1619 0.005
0.5609 0.02
1.2078 0.044
2.393 0.089
24775 0.091

38



Mz
N 47
\/ NI 4
N/INTTV Y 4
INNVINLTL #h

B 2.1a & 7Alk Sor 2 B

|
|
|

IR
AT
AT

|
NVANAL
REUNT

B 2.1b » 7 A)7% & 7 & B



Bl 2.2 704057 Jo 513 b {447 b 2

40



Bl 2.3a i & 9 = (splay) ;% 7+ L. Bl

B 2.3D i% & f H(Wis)? %7 £ B

41



S

INTISAIAN

/
-/

B 2.3c & % 444 (bend)?j%% T R B

N

&
+

Optical system

Bl 24 64 Sen®or stk Bk 7 A

42



analyzer

wave plate

polarizer

B 26 Apieat il & b s f T AW



ko A Y
Oo

Bl 2.7 Fppl d O~ S A chT RR

AX2

S —

s

X3

Bl 28 Tk £3 ik



So — S -7
=3 AT
B
-

= & Yy
};\ (TYVY

==

RN =
RERERAN =
FFEE 1

Az (&{ll As \t‘:\D
pEARY (=1

antisymmetric modes
B29 FolTHREWRRLENENFE S w2 2B G

45



e —= =

e —= =

o —= =

e —= =

o — =

o — =

e —= =

o — =

m—r eSS
0 N N
eSS\

e —Doo————

e —oo————

e —oo———

e oo —

—— —o o o=

— —o— o —

— o=

—— —o o o=

—_—T T =
—_—N T e
e NP
_—TN T =
e NP
—_— N T =

S Sl e

—N = =

T e e T =
AP N
= SN —
— S S
e S = S
e e S

T e e e Ty =

= X — -

o o e e e
=t — X
=225 — R

e e T <=

e e I =
e e I <=

=—g-= g F = K — X —F—

=—g5— g —F = K — X — T -—

. . AN
. YA
e T S
LT T N=
=N TN =
= . AN
=

_— =

—_—, =

—_—, =

— —— <=

—_— =

_— < <=

_— < <=

_ = <=

2}
B

R T SRR A I N TS

%

B 2.10 » 7|4l

46



_ .
] ] ] ]
| I 1 —
| I —1 —
| I —1 —
| I~ — —
| I // —
| I —1 —
| I — —

} — [ — —
— —

| +—T | — | +— .

L —— — [ | |
—T ——1 | 1 1 —1 [
._-———-//—__§\\ //~§\\\—
._-///—_§\\ //~§\\\—
L —1 1 | 1 —1 |
L —1 1 [ | 1 —1 [
| | — e | "\\\—

— . — ]

— —
- ] ] —
| I 1 —
| I — E—
| I ] —
| I —1 —
// I // —
| I —1 —
| I — —
- — ]
] - —

I | | | | | I ‘ ‘ I
-10 -5 0 5 10

Bl 211a w7130k H Wil 2 A R =8 LB
f =0.800MHzp €=1789.6 m/s

I
T L

1 I ||

T — ||

] | | | | | | ‘ ‘ |
-10 -5 0 5 10

B 2.11b & 53k & = P s B lE SEE =8 T L B
f =0.800MHz > c=2804.9m/s

47



1
-5 0

L L I
10

Bl 2.11c » 7|31k S 2R 2 ACRE 24 1 R )
f =0.800MHz 1 €=5140.3m/s

1
5

’

l ]
10 -5

L L I
10

] ]

0 5

B 211d » 241k &2 P s B2 SR 8T LB
f =0.800MHz > ¢=5218.0m/s



l l ] ] L
-10 -5 0 5 10

Bl 2.11e & 7| AliR & 2ETA G2 AR 8 7 L R
f =5.975MHz s 6= 2139.3m/s

|- ] ] |- |
-10 -5 0 5 10

B 211f =7 Alk &= P /péﬁia S, tefe A LBl
f =5.975MHz > ¢=2790.0m/s

49



I I
———1— I | T
l———1 T ] I
|
N N |
— I — I
— —
— — -
— | — |
— | — | —
| | - | | —
— — — ——
}___—__——— — — —1—
| 11— — — 1
| — | — —
— —
- - L - L
-10 -5 0 5 10

B 2.11g =+ 7| A1 S 2N 2 ATCR 8 T & W
f =5.975MHzp ¢ = 2858.8m/s

|- |- | |- |
-10 -5 0 5 10

B 2.11h & 7 ALR & = Pin B2 S =87 &R
f =5.975MHz > ¢=3004.3m/s

50



»—»-4%-—
»—»-‘ﬁ

B 2110w 7 AR § 2pS pf#‘\Az YRs A5 o BB
f =5.975MHzp c=3480.4m/s

Bl 211 &3 ale &= P is Bt S B T AR
f =5.975MHz > ¢=5166.8m/s

51



1 1 | 1 |
-10 -5 0 5 10

B 200K w53l = g tie AR 87 LW
f =5.975MHz » ¢=5519:1m/s

52



—~

Phase velocity (m/s

8000

6000

4000

2000

0 ' l , | | |
0 2 4 "

Frequency (MHz)

Fl2.12 -k sk = P15 42 90T HCH S [16)
AU SRR 0 R AU FOEHECR -
(B35 5 & 0.6mm - i §o & 5 /& 145.6um)

53



1 2 1ITO 3

<L

BT 1) A R B

E ITO3% 3

<L

<+

e 47 B ) R

A EIRE B

<

B 3

<

BHUVE

& 3.1

IR & AR

A 2




—7

spacer

G

Bl 3.2 sfs@lizr & B

—
(==Y
No)

=

uid crystal

]

55



Bl 3.5 &F Rt

56



e / Screen

< ! » Analyzer

Liquid crystal cell

Q Pol arizer
Ah g p Light source

L LLEE

W36 ¥ il s T LF
F HEHW\ %

57



ENI MODEL 325LA RF
LeCroy DIGITAL POWER AMPLIFIER

OSCILLOSCOPE HP33120A Function [ent
LabVIEW Generator
- e : >
_MAA ooo NI GPIB
oood [
o ——

Il'N'PUT

oooo

Q
g
2

lens ‘ polarizer
transducer

LC cell

tank

transducer K‘ d el

water tank

Bl 3.8a ;& & Bk 2P % 7 B

58



Bl 38b & & Bk R RS

59



Maximum

60



©
-

y=0.0374*x-0.001

o o

o (@)

o (e5]
| I

Power (mW)
o
R
|

0 0.5 1 15 2 o5
Voltage (V)

B 3.11 k4T %ﬁ;f]:", chkss BT R (B2 5 S el 4

61



30 T | T T T
, 12°
| Tt 13° |
S ol o
P
= I |
15
£
3 10 1
B
@) i i
\
\
0
| . | . | . | .
0.4 0.8 1.2 1.6 2

Frequency (MH2)

Bldla » 5 & 0=120~14° » 4ESI022 MHZ 422 LB S35 5 » 5 15
dop B AR AL T o e

30 T T T I T T T |
— 1%’
L L L L L T 16° 7
S 17°
i 20 | .
Pan)
= I i
T
=
3 10 1
|
O | i
0 ,
| ! | ! | ! | !
04 0.8 1.2 1.6 2

Frequency (MH2)

Bl 4.1b » 5+ 4 0=15~17°> 4 & 0.2~2MHz 4z § A R &E T > 75
7’553\&%?)8@1?‘]’7-}}; _SB)'{:%O

62



30 T T T T
18°
Y T 19° 1
i 20 - 20" |
2
%) | _
5
=
3 10 -
8
O L ]
0]
| ! | ! | ! | !
04 0.8 1.2 1.6 2

Frequency (MH2)

Bl 4.1c » 5 & 0=18~20° » 450222 MHZ 42 % A BB S32 & » 3 15
55 R AR i S s

12 T T T l T T

Optical intensity (uW)

0.4 0.8 1.2 1.6 2
Frequency (MH2)

Bl 4.1d » &+ 4& 6=25°~30°~45° > #f F 0.2~2 MHZz A2 § L BR&F3E 7 >
R LT VR R

63



Optical intengity (uW)

Frequency (MHz)

Bl 4.2 ~if4 0=15° + 20° -, 259302

#5 % 0.5~3.5MHz 4 3 A P&
IR 7 kR R AL R R

J& o

laser offset distance

NLC cell

0
N:/"
transducer translation

Bl 43 423k »~ 8¢ < BT R B

64



Omm

-------- 1mm

) — 2mm
oo s 3mm

Optica intensty (uW)

5.2 5.6 6 6.4 6.8
Frequency (MH2z)

Fl4.da » 5f & 0=14°  4F 5 5TMMZy, 425 4 kT A B TS
SEE VT VRS U N

16 T | T I T T
——0mm
[ ——————— 1mm 1
/
12 2mm !
———————— 3mm /

Optical intengity (uW)
o6}
[

5.2 5.6 6 6.4 6.8
Frequency (MHZz)

B 4.4b » 814 0=15 > H7 ¥ 5~TMHz > Az F L -k T BB E 43075
Bk REEMFERABE -

65



10

Optical intensity (uW)

5.2 5.6 6 6.4 6.8
Frequency (MHZz)

Bl 4.4C » 5t & 0=16" > 4 & 57 MBZy, A5 b &k T 5 B 80 3
% % 5 3 48 14 S R

30 T | T
—"0mm
L —————=== 1mm -
— 2mm
= |
R 3mm -
P
‘B
5t ]
=
S0 -
o
@)
0 = = - =
52 5.6 6 6.4 6.8
Frequency (MH2)

Bl 4.4d » 544 O=17 > 45 % 5~TMHz > 423 i &K T 8 B 44203

£ W] 24 a2 A= = %, 49 ' 2 ;g‘ °
k5 BRI 5 0 iR

66



25 T | T T [ T
| ————— O0mm
-------- 1mm
g 20 2mm
R 3mm
2 15
‘D
§ L
= 10 L
8
&5)- L
5 |
0 ' -
52 5.6 6 6.4 6.8

Frequency (MHZz)

W 4de » 54 0=18 4 BTMMZy, 425 4 %ok T A R $ T
% %5 R R S

20 T | T I T T
| ———— . 0mm i
———————— 1mm
~ 16— omm n
\;_3 ettt 3mm 1
2 12 —
go2]
T | _
= g L _
8
% i i
4 _
0 ===t . ! ——
52 5.6 6
Frequency (MH2)

Fl 440 » 58 019 475 57 MHzZ > 485 i &k % 8 £ 4503
Sk 55 R ARG PR -

67



16 —

=
N
[

Optical intensity (uW)
(00]
I

0 — i
3.2 3.6 4 4.4 4.8
Frequency (MHZz)

Bl 4.4 » 5f & 0=20° > 47 5 3BMIHZ,, 47 % ik &k T i A5 B 430 5
% k55 B AR A S Rl 4B

20 T | T I T T

16

12

Optica intensity (LW)

68



Optica intensty (uW)
D
|

3.2 3.6 4 4.4 4.8
Frequency (MH2)

Bl 440 » o6 0=22° 5 4 % 3B MHzZy, A5 b 4k T s B30 3

£ 24 2 5= e 3% gy
%k 5g R AR AR S el N

40 T | T | T T
—0mm
[ ———————- Imm ]
— B 2mm 7
% 0 3mm !
> R
§o]
& 20 -
=
E -
S 10
0 1 \ |
3.2 3.6 4 4.4 4.8
Frequency (MH2)

Bl 4.4 » 54 0=25° 41 % 3-5MHz 4z it dok X B B4 3

£ W] 24 a2 A= = %, 49 ' 2 ;g‘ °
k5 BRI 5 0 iR

69



Optica intengty (uW)

4 4.4 4.8 5.2 5.6 6
Frequency (MH2)

Bl 4.4k » ot & 9=25° « 4F % 4BMHZe 425 L &K T A5 BT
% % 5 B AL T S e

70



8000

6000

—~

Phase velocity (m/s
S
(@)
o

2000

O 1 I 1 I 1 I
0 2 4 6
Frequency (MHz)
P BB R T g‘%fﬁ‘»*‘tﬁ‘gi WA R

BA45 FHEELBARELT
5

71



o r—m—mr——7— 71—

g Hrrmmnuﬂﬂ'r-r lM Cyc £t e el s e )

0.08

0.04

Optical intensity (V)

Bl 4.6a 54 0=17° ; AFSOTEMHZ 2 33 T 5242 LA 5L
s o i T R T L
01 T I;.- ‘ T .". =T : E I T I T

i1
Ptly ‘m'-rrrimr'mrwri‘!:" e LR-—-1c S 1M CyC A e ey Arwha e v

0.08 |- | ——— 08Moyc

0.06

0.04

0.02

Optical intensity (V)

-0.02 :

o

T R —
™ 5
w

N S R

ol

Bl 4.6b >4+ 4 0=17°> #F F 0.8BMHz 2 3.8 I 7245 RN
B R 0 THELB RPN LFREY R

72



008 ——r———1————————

0.06

0.04

0.02

Optical intensity (V)

Time ()

B 4.6c i 0=17" AR O85M Hzz ¥ 3 1 32423 g
%%&%%#1?§%ﬁ§%“iﬁﬁﬁﬁ°

-rlr"—n-mrhan\ nl

0.02

—_—

1

Optical intensity (V)

4--

=___
L] 1

_002 1 l 1 | 1 | 1

Bl 4.6d »35+40=17°> 4 F 09MHz 2. 3.8 I 245 RN R
B Rt 0 THERB R PR R

73



008 ——r———1——— 77—

0.06

0.04

0.02

Optical intensity (V)

B 472 » 540 =20°.._.’.-.‘:?i€i$:’- OL'ZS,M Hzz ¥ 3 1 32423 g
s oS S R T L AL

=1

0.16 EEERE [ -~ g0l - S p—

e WL E 1M oyc e

0.12 =~ 08Mogyc

0.08

0.04 |

Optical intensity (V)

Time ()

Bl 470 » 544 0=20°> #4F F 0.8BMHz 2. 3.8 I 245 RN R
B Rt 0 THERB R PR R

74



0.08 r | ' | ' T ' I

0.06

|
e

0.04

0.02

Optical intengty (V)

i_l__+__l__+_

o
e
N

w

N I —

o1

B 47c »5+40 =20°_: 147 & O85M Hz 2. 38 I+ 3242 5 A3 5L
AR S ) GEERE RE LR A
008 T I - ‘ . T i ,,;7'- =1 ‘ E I T I T

:mm,mm_"'-_:“_.::« 1866 M oyc R
0.06 “—7_*— 0.8M cyc

0.04

0.02

1

Optical intengty (V)

F-

1

-—_———

3

o

=

N

. §

P I I
ol

Time ()

Bl 4.7d » 544 0=20°> #4F F 0OMHz 2. 3.8 I 24 5 RN R
B Rt 0 THERB R PR R

75



30 ' '

N
o

Optica intensty (uW)
|_\
o

Bl 4.8a » &4 6=15° 4f & 0:168~0.8MHz 14z 3 & BB 5435 % >
k55 R PR AL
16 ' ' | ¥ ' '
= 0.84MHz
2 - /S e 0.88MHz
= i 0.92MHz |
2
s 0/ eeeeee- 0.96M Hz
& 8
§=
T
S 4
0
0 4 8 12 16 20
Time (s)

Bl 4.80 » 54 0=15° 4 & 0.84~0.96 MHz 4z 3 A PR &32 % > F 3

%55 R SRR AR

76

327-2



25

20

15

10

Optical intengty (uW)

Bl 4.8c » 5 & 0=20° » 4 5 Q68~0I8IMHz iz 3 L PR stiE Y > 53

\_\—’——Q\———\

0.68MHz |
-------- 0.72MHz ]
0.76MHz 1

K55 B P W

30

Optical intengty (uW)

B 4.8d » 5+ & 0=20°> #F & 0.84~0.96 MHz 14z & & B S35 5 » %

e e~ = —— —_— -
— — -_——

0.84MHz
———————— 0.88MHz |

0.92MHz
———————— |0.96MHz

8 12 16 20

K55 R P A o

77

321-1

327-2



20 B 1=

Optical intensity (uW)

0.68MHz
0.72MHz |
0.76MHz
0.8MHz

Bl 4.8e » &4 0=25° 47 & 0.68~0.8 MHz 4z 3 & PR 432 3 >
ko R DRERE A AR o
12 . ' &8 ' '
0.84MHz
T A T 0.88MHz 1
i~ 0.92MHz
el
2
‘D
g
=
8
o3
O
0 4 12 16 20
Time (s)

Bl 4.8f » it & 0=25° #f & 0.84~0.96 MHZz cdg 5 L PR o3 & 5 5

%58 R R W AR o

78

327-2



Optical intensity (uW)
N
[

5.84MHz

N N Y A 5.88MHz ]
I 592MHz |
———————— 5.96MHz
0 I | I | I | I
0 4 12 16 20

Bl 4.9a » 5t & 0=15° 4 % 5. BI8A4596 MHz g & i BB Y » %

5 % 5 R S

(o)}
[

Optical intensity (uW)
N
[

2 -
i g 6.08MHz |
———————— 6.12MHz
O 1 | 1 | 1 | 1
0 4 8 12 16 20
Time (s)

B 4.9b » 5+ 4 0=15°> #F 5 % 6~6.12MHz Az 3 A BT > F

K55 R P A o

79

&

]



0.8
g 0.6
=
> I
)
§ 04
=
S I
So02F
B ——— 4.32MHz
(2 4.36MHz
0 . | . | . | . | -
0 4 8 12 16 20
Time ()

Bl 4.9C » b & =205 47 % LoARARAR6 MHZ chdg 3 ik BB 338 ¥ » 5
5 2k 55 B AP P R e

8 T = ! | T = T T
6:48MHz
[ -------- 6.52MHz T
6 -—— 656MHz o~

Optical intengity (uW)

Time (S)

B 4.9d » 5+ & 0=20° > 41 5 5 6.48~6.6 MHz chdz 3 L PR STIE S » 7
k5 R PR PR A -

80



5 T T | T T T
I 6.64MHz |
------- 6.68MHz
. 4
< oo
=
>3
§0)
5
£ 2
8
jo3
O 1
0= ! | ! | ! | ! | !
0 4 8 12 16 20
Time (S)

Bl 4.9e » bf & 0=20° 4 % 2 6064<6:76 MHz 4z 3 kB o3k & > %
5 k55 A R PR AL o

25 T T | T j T T
2
= i
2
2 15
‘m
§ L
= 10 b
E 4.6MHz
s 1 e 4.64MHz
5 4.68MHz
———————— 4.72MHz -
O | 1 | 1 | 1 | 1 —
0 4 8 12 16 20

B 49 »i+ 4 0=25°> 4 % 5 A4.6~4T2MHz ez 5 A BETRE S > 5
3ok B PR AR o

8l



25 .

20+
= |
S
2 15 -
‘D
5 | |
E L |
3 | 4.76MHz
s | 4 === 48MHz -
4.84MHZ
———————— 4.88MHz |
I ! I ! I ! I ! =
4 8 12 16 20

B 4.9 » 5t & 0=25° 4 & 5 AIT6S488 MHz chdg 5 L btz & > 3
%k 55 B R P AR o

14 1 4
> >
a t b t
A A
> >
C t d

B 410 5 %5 k5 R Y Rens T £ B

82



00000 090900
( 00 ANENE
00 0N 0 00y 0Y 0
10[]0 0 0 | IUO 000 .
(1) (2)
0
|
(
(
(3)
Bl 41l R h X FEARE > AT PIETGET LR
El
1.2 l I - e T ' I '
2.IMHZ ‘
| --------214MHz /]
— 2.18MH
2 ik
2 08
2
‘D
§ L
B 04|
o
@)
0 1 1 1
5 10 15 20 25
Transducer voltage (V)
Bl 4.12 5+ 4 0=30° #F F 5 21~214-~218~ 2.22MHz

AR AR AT ERBRRZPE

83



5 T | T | T T
i 5.96MHz |
-------- 6MHz
44— 604MHz
E L T 6.08MHz 1
23
§0))
§ R
=
2 |
8
= R
O
1 |
0
) 10 15 20 25

Transducer voltage (V)

f®l 4.13 ~ 5t & O =155 5 5.96 6~ 6.04 ~ 6.08MHz
A7 TR he BTN T k5 A 2 B4R

Optical intengity (uW)

5 10 15 20 25
Transducer voltage (V)

# 4.14 ~ b+ 4 0=16° #E % % 596 6 6.04 ~ 6.08MHz
AR R A HN T B R R B

84



0.8 -

=

2

2 06 -
R%)
5 I
k=
T
S
g8
O

04

0.4 0.8 1.2 1.6 2
Frequency (MH2z)

0.8 -

=

2

2 06
R

5 I
£
T
L
8
o)

04 -

® 4.15

52 5.6 6 6.4 6.8
Frequency (MH2z)

o IRy T BIGER R ) ~ b & 0=17° - 20040
R AR FERRARNM RS R
0.2-2MHz > (b) 5-7MHz -

85



	封面.pdf
	書名頁.pdf
	審定書.pdf
	中文摘要.pdf
	英文摘要.pdf
	誌 謝.pdf
	目錄.pdf
	表目錄.pdf
	圖目錄.pdf
	第一章_緒論.pdf
	第二章_聲光理論.pdf
	第三章 實驗架構與量測.pdf
	第四章 實驗結果與討論.pdf
	第五章 結論.pdf
	參考文獻.pdf
	表.pdf
	第二章圖.pdf
	第三章圖.pdf
	第四章圖.pdf

