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Table 2-1 Caleulated and measured phase sensitivities for the w.aveguide'
nearest to the center of diaphragm.

Sensor & Dimensions Calculated _ Measured
[mm > mm X mm] [mrad/kPa] [mrad/kPa]

5 10X 10%0.15 107 77.0

6 - 10X10X%0.22 49.9 24

7 10X 10X0.30 26,9 24.7
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Table 22 Calculated and measured phase sensitivities for the waveguide
nearest to the center of diaphragm. '

Sensor # Dimensions Calculated Measured
fmm X mm X mm] [mrad/kPa] [mrad/kPa]

8 7XT7X0.22 17 : 16

9 10X10X0.22 50 52

10 14X14X0.22 137 108

11 20X20X0.22 399 314
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Table 2-3 Normalized phase sensitivity as a function of . side-length ratio of

diaphragm for waveguide located at the center of diaphragm,

Dimensions of Edge of diaphragm Center of diaphragm
diaphragm Calculated | Measured | Calculated | Measured
[mmXmmXmm] | [mrad/kPa] | [mrad/kPa] | [mwrad/kPa] | [mrad/kPa]
#1 5X10X0.22 72.4 41.0 32.6 297
#2 10X10X0.22 151 96.7 49.9 513
#3 15X 10X0.22 165 95.2 27.7 24.2
#4 20X10X0.22 164 131. 10.1 10.0
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Table 2-4 a-values with regpect o aspect ratio and boundary condition of the

diaphragm.
bla

boundary , 1.0 1.5 2.0 2.5 3.0 @
condition
All: Simple supported 2.000 1.414 1.250 1.160 1.111 1.000
Side a: simple supported -
Side b: clamped supported 2.933 2.538 2.413 2.358 2.329 2.267
Side a: clamped supported | 5 o35 | j760 | 1387 | 1220 | LIS1 | 1000
Side b: simple supported
All: Clamped supported 2.736 2.489 2.408 2.350 2.267

Tabie 2-5 a-values with respect to resonance order when /g = 1 and all sides
of diaphragm are rigidly clamped.

Order 1st 2nd 3rd
a 3.646 7.437 10.965
e I ]
A ]
—I— _l' - P
— 1+
] \

DQ_\DW T

- 1% order mode 2" order mode 3" order mode

Fig, 2-20 Vibration patterns of diaphragm in several resonance orders.




2—5 w47 Rk ORHHE

2—3—28EU2—-3-3H0EGEEUGRBOBERNL, X1 7 akr 2RE
TR HO, FAERE L LEREEKICET AT v— b EMER Lz, Figue 2-21 %D
Fo— b THDH, Fr— MNEDERICE - T, BEBRONESBRENRLEWNE
ENBFATYTTLOmE LTz, T, HHEOEEZ633 mm & L, v 7Ry
BREME OB DR ER, BEEEL LT, vr 27k B LTERTS
Comning#0211 7 A DERTTH D, BWHRAEOMEE AW,

E
=
/)
17 2]
g
2
==
=
g 10p0mrad/Pa
[=11}
< 1(®0mrad/Pa
g
% 10mrad}Pa
5 1.0mrad/Pa
10 1 0.1mrad/Pa
0 1 2
10 10 10

Side Length of Diaphragm [mm]

Fig. 2-21 Theoretical trajectoties of equal sensitivities and equal resonance
frequencies on the side fength - thickness plane.

Figure 2-21 IZBWT, BERIIBBEL IS v 77T A X (XA 7T LDBE
EES) OBERERLTWS, BERS A Y77 LBERDOIFICHFIL, F4YT7 T
AEO 2 RICTEFITE70, EROMEXIXLS LioTWD, £, SBRIXIHER
WL T 7T 2V A XOERERL TV D, HREFERL, Eq Q2)TRT LI
I, FAX¥ 77 LARO2RIIKEFAL, FA4¥ 77 LAEITHHATHOT, SBROME
X2 &5,

Figure 2-21 25, XA ¥ 77 AARBEL DT, BEIIRINT 55, HiR
BEBIITEAZ LBGh5, £, FAY7T7LEEZEI LT L, BEREL
té@@ﬁbr,h%ﬂ&&iﬁ<&50_® Ehh, BEE, ®RREEEE®
SEXHAOIFEEL L, Bl y aR R R AR, Fhbh—FRELT
5L, 5 &Y Lﬁﬁﬂiﬁ&&w REFFETIL, SN OMLICEREEX,
BREOA 7 kB ERT S 2 U7z, O, AOFEOFEEEFEER X
mﬂrammfhf%éﬁ,@ﬁ@%ﬁ%%%%@é@t@&<&%M%f%émo
Hz~3000 Hz % B &S & L, ZoOREEREEO LR 3000 Hz 736 1 IHIRE
Bk 3400 Hz LRE LTz, TOREMEE Fig. 2221 b, ZOFBHEREZTIA YT D
A&%ximﬁmxmnmxowmm&tota_@ﬁ4%77bﬁ4z;0, 1 &

LIRS I #iE 3400 Hz, 2 YRR ST 7000 Hz, 3 WIHRREEEIL 10300 Hz & 72 o
7’1_0 7, (AR OEHEIT 2.5 mrad/Pa TH S,



HIE W T REBEEBE A 7 0k ORIE L TG

3—1 RER

B~ A 7 vk OBERER & R/ R FTES E4FHMEST 2429, Fig. 3-1 ©
EARFAY T T A A X 20mmX20 mmX0.15 mm O~ A 7 2R 2RIE LR,
oA FaF o DERIZEE, 2BOFT 7 AERK . (1) a—=r 74011 52 (B4
Y7 T AL RDEERERMBER), Q ROEV—FFAATFRA (FA4¥T7TLEK
FEHR 2FER LA, RESVT7AOROBRITIEFFT, K& XL 20 mmX20 mm
Thd, £, 2a—=I7HF7ADEIIZ015mm Th D,

Waveguide

Coming#0211 glass

|

10 0.05mm

$ 1.8 mm

/ Soda-lime plass

Shielding plate with a small hole

Diaphragm

Fig. 3-1  Schematic drawing of the fabricated optical microphone.
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Fig. 3-2  Experimental setup for measuring output versus applied pressure.
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Table 3-1 Measured half-wave pressures and phase sensitivities.

Halfwave pressure Phase sensitivity Waveguide position
[kPa] [mrad/Pa] from edge [mm]
Microphone #1 1.6 2.0 0.0
Microphone #2 24 1.3 0.5
Microphone #3 22 1.4 ~ 0.5
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Fig. 3-4  Experimental setup for measuring output response to applied sound.
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Fig. 3-5 (a) A nominal microphone signal (with the output polarizer), and

(b) a misalignment signal (without the output polarizer) responding
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Fig. 3-9  Expetimental setup for measuring frequency response.
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Fig. 3-12 Frequency response of Microphone #3.
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Table 3-1 Calculated and measured resonance frequencies.

1* resonance 2™ resonance 3" resonance
frequency [Hz] frequency [Hz] frequency [Hz]
Calculated 3400 7000 10300
Microphone #1 2700 5000 9000
Microphone #2 3300 - ---
Microphone #3 3700 7500 -
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Fig. 4-6 (a) A nominal microphone signal (with the output polarizer), and
(b) a misaligmment signal (without the output polarizer) responding
to a sound wave of 100 dB and 1 kHz.
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Fig. 4-11 Measured output voltage versus applied pressure.
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Fig. 4-12 (a) A nominal microphone signal (with the output polarizer), and -
(b) a misalignment signal (without the output polarizer) responding
to a sound wave of 100 dB and 1 kHz,
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Fig. 4-13 (a) A nominal microphone signal (with the output polarizer), and
{(b) a misalignment signal {without the output polarizer) responding
to a sound wave of 90 dB and | kHz.
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Fig.4-14 (a) A nominal microphone signal (with the output polarizer), and
' (b) a misalignment signal (without the output polarizer) responding
" to a sound wave of 80 dB and 1 kH=.
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Fig. 4-15 (a) A nominal microphone signal (with the output polarizer), and
(b) a misalignment signal (without the output polarizer) responding
to a sound wave of 70 dB and 1 kHz. -
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Fig. 4-16 (a) A nominal microphone signal (with the output polarizer), and
(b) a misalignment signal (without the output polarizer) responding
to a sound wave of 60 dB and 1 kHz.
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Fig. 4-17 (a) A nominal microphone signal (with the output polarizer), and
(b) a misalignment signal (without the output polarizer) responding
to a sound wave of 50 dB and 1 kHz.
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Fig. 4-18 (a) A nominal microphone signal (with the output polarizer), and
(b) a misalignment signal (without the output polarizer) responding
to a sound wave of 40 dB and 1 kHz. .
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Table 4-1 Measured and predicted microphone signals with respect to sound
pressure.
- "Nominal | Misalignment | Net Mic. Predicted
Sound pressure M > . s s
[dB-SPL] Mic. Sig. Sig. Sig. Mic. Sig.
[mV] [mV] [mV] [mV]
100 7.9 1.3 6.6 4.6
90 3.3 1.2 2.1 1.5
30 1.3 1.0 0.3 0.5
70 0.9 1.0 - 0.2
60 0.9 1.0 - 0.1
50 0.9 1.0 e 0
40 0.9 1.0 —- 0
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Fig. 4-19 The net microphone output versus sound pressute.
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Fig. 5-1 Schematic diagram mathematically showing how the device obtains the induced
pressure difference and its duration. In the model, the volume of the semi-closed
space is F, and the sectional area of the small hole is 4. The pressure and
temperature in the surroundings just after the sudden pressure change are p, and
T, respectively. The pressure and density in the semi-closed space are p(2) and
X£), respectively.
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function of the normalized frequency f/f;. /3 is defined as the reciprocal of
the duration of the induced pressure difference.
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