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Laser Probing Method for Focused Ultrasonic Field
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This paper describes an observation method of focused ultrasound field for a gutter type piezo-ceramic
transducer using light deflection method. Laser beam light modulated and deflected by the ultrasonic
wave is received with an avalanche photo diode module and is fed to the vector signal analyzer to obtain
the modulated components of amplitude and phase of sound information. Phase unwrapping is executed
to construct the continuous phase variation. Moreover, phase change components as the sound
propagation is removed to obtain the phase change of the ultrasound around the focal point are observed.
Phase anomaly, inversion of pressure polarity, is clearly observed.

Key words: light deflection method, ultrasound field, focused ultrasound wave, phase wrapping

1. 13 U & I

FERBIRE) 72> & /K 7 SIS S 2 O E 5 S,
CNEMM LU ZZGHIRmigR R EORSE, WROBEICKE %
ER L2 5, FHCHERERZ P LG, SR
BEOERITE T 2 EECMHEOR R, FHIlE X g
AT LDV AT 2 EEL 7 7 75— L 055,
KRBT RF OB, > 2 — L viER EDNEN RS
ke, ==V A TDv A 7urr2E P TERALT
FHEOEMRZ/R S &) FENZTEICRIITE 5, |
RIS K 2otomrBIg 2 v 2 05T, HEOERZ
MEENICE S 528, —ICHBRIZE S kv, BH
FEENSE EERPME 6N 508, <A 7 ak v OflEE
TN OB D HH o, ZIH O HEBSFRSHET
H 5T EITKBEHRIRS, REHETFDELHE LR
ZEDSHWDKERAMY 7 M EWEL 5700, HiK
DERIPE I MAHZAL & 2 D220 % FkEETllE T 5
CLIRBEL TR,

G THRANR 2 ST I R T BT 2 b DTH S
B3, EIC X 2MDRARHED S 52 BT 2 b DTH
D, 94 7urr R ZMENRZL, L—F—HKD A
Ry b A B DB WS REENSE S N2 R b

E-mail: Imano@gipc.akita-u.ac.jp

488 (34)

%5, LUFTIE, BREGOBMNZH L LTEY S, HE
EAHMTT DEMBHF SN2 T L 2R L TZOZ4E2Y]
SENICT 5,

2. BEREEICOWVT

TR & I IO S 002 T pa 1F, TREK

FrzEHOT, I
pa= Pyexp [j(0,t —kyz+@))]
= Py exp [j(w,t —2m2/A+ )] (1)

LFEINL, EXT, PIFHEHERIE, §SBEAL, o,k
B O FBHL, by I EWDWHL, 2 (ZBWST D PERE, ¢;
B E XA EHFEOWEETH 2, FHOIRIFEES
K ONZAHIE IR & ARt IC X > T2 T %,

BT, PSR 2 235 R A DB i 2
EUZEL, ek VFmEoLA, REOEEEZRTIL,
DA LD BRI 5\, S OEEBTH L s
ZERIIAEROREITH Y, Pl E 2kt
£, OB ETHFROMMPENT 5. HlZIEF R a
DERDEEL, 2<d’/A & 2>d* /A DEEE ZNF UL
S e X SRR S B8R T 5 2 L% L, 208
A, BIDONA LR PERE & TR T n/2 B 2 2 LA



SNTWw3Y, Tabt, T TIEFEII SRR
B LI L U, s BEEE AR TR DA DS /2 M
TeOMBREEIC BT 2 X 51z 2, lE, MFEETIEZo
HIEDHEL <, 2OV RPEZE T2 OFIBE D & A
LEHENT 2 2 L%\, —F, KX RO LiFs X9
75 MR TR > © it & 2 S, AR Bl B
LU CPmaE i & 38 b BEc?, B 3d 2
D, vA 7uR v EEENLITRIC K 2EEEL <,
WA DD R IRBLIC H 22Y . MIEERFEOEA, 5
JEZ IR T H % M O %M IV RAHE TR & 5,
—J, PHIZOWTIFERTOBMDEEL <, EERoit
BCHERED O BRI N 2 5T OV AL R
BRI L T2 2 e s, MHELSHERTE2Y, L
LG, R TR I S IR O IR E) o 18
WHHI L, BIEASEEE R oMy L ic &L, Zhuc
Mifi iz & 2 FHOER OB RCIEIEOIRIEL 2T 2. 2
DI, 2 A7 akyz oIl oX T
T, MOV ANTE 2?2z, £L0H
BRI~ A 705y OZEICHY 5 B EERTFOTE
DWE LD LN vz, ZWRATHES X O
2 P g5 2 & HRHNE 2 R 2 8D
DEDEEZSNTWDS, JHUSx LTE SR, fafMm
EREFFROEZIIOWT, AN EITETH 2555 % F
75 7Y X o THE DB AL MARBM % 7 5
TED, KR S ERARE T “& 07 23805
TE 2 DHEE LM OB T2 Ml D E RN Rk O 2
CLETERVLILZHSIZLTW S, BTTIE, Fik
DM L%, V=Y =% Tu—7¢ L TENT %57k
DFHE S ZF LIZOVWTHRS,

3. Al F IFE IE
3.1 FTRICLBHXDER
Fig. 1D X ) IR A OF OB & \EICL —
P2 AR I LE, L—F—E— LN THOWE
EHRTHa/hIga, HHICK > TAEL 22BN
19 2 JRITR AR 2 ANE8 T 2 720, L—¥—hi3iF
Fick s ens®. zofim o i,

. 2L (dn

Sm(b:/\(dp)p (2)
DEHIRING, EAXTpIFHEE, LixL—¥—XKdnd
W5 HWDIE, du/dp 1ZEWEIC X B EITRELTHD,
K COfEIX 1.47X107  [Pa 1 235 T3, Elae
5 DRI @ % JETIUTEITE p2ssRD 5N 5. A
T, BIBOMEHFIEICH S LI, WA o % HES

44 %125 (2015)

Ultrasound

High Density

gl Optical
o

SAERREEE Sensor

Light beam

_Low Density

L

Fig. 1 Light deflection by the sound pressure.
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Fig. 2 Experimental set-up.
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Fig. 3 Gutter type concave ultrasonic transducer.
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Fig. 5 Sound pressure waveform obtained by hydrophone (a) and APD (b) at the focal point.
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Fig. 6 Relationship between sound pressure and APD output.
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Fig. 7 Sound pressure distribution on the axis of gutter type
concave transducer.
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Fig. 8 Phase variation on the axis of gutter type concave
transducer. “Color bar” upper side of figure is sound pressure
distribution on the axis of transducer obtained by the method
of Ref. 4.
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