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Abstract : Using a laser doppler velocitometer (LDV) as an elastic wave sensor, model
experiments were devised to study elastic wave propagation within inhomogeneous
media. LDV measures the laser Doppler shift caused by the elastic vibration of a
material surface, and it produces absolute velocity amplitudes converted from the
modulated frequency. This advantage of the LDV, compared with conventional piezo-
electric transducers, allows quantitative analysis of high frequency ultrasonic wave-
forms. Another advantage of the LDV is that the laser beam can be focussed to form a
small spot (less than 1 mm?) ; thus, enabling the measurement of the elastic vibration
‘within a small area. A small-aperture seismic array, which consists of multi-channel
seismographs within a wave length is often employed in field observations to study the
scattering of seismic waves, which can be modeled by using a LDV and laboratory scale
inhomogeneous materials. We report here results of following preliminary experiments:
1) measurements of surface vibrations caused by ultrasonic waves, 2) analysis of elastic
waves propagating through different inhomogeneous media, and 3) small-aperture array
measurements of ultrasonic waves in different scales of inhomogeneity. The results of
these experiments indicate a potential use of the LDV model experiments for studying
elastic waves in inhomogeneous and complicated structured media.
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WERER, THEEE CORBRGREA 1 =X AEHOE
HRF®RER D I EWRE NI,

1. 30 ®IC

THEBSCB) 2 ESHEBOFMEMsZ ik, A
H, KAV A, ML X V¥ —72 Y OMTFERERE, &
UHIE W & 2HBOBRS TFRALR S L > TERETHS,
%z, HIRREER < Y MV OGRS £, HERRIEE
OBEELZEE bERL TV,

HRNT O EREEFEZ2 DL &, FTHEOKREE
WEETH2 (EH, 1989 ; Aki and Richards, 1980).
Bz TEREE DS, BEROFERBBRECIAtGI
NETRIE, HRERC L > CEBORT2IET S 2

ENTE LY, FREBESAEREOEEIPHREC.

Lo THOEHPERMTERL LD, FHERTCI->T

EREREEEL2ThER S W,
BETRavYEa—5 2, EEAFEXEESER
COEZENAETRE, BHELTBECRU 2EBERD

BT EZEND LN TELL, ERERCET S X

EFERFEBHVLN S (B - 119, 1989 ; Aki, 1988;
Anderson, 1991 ; 7rth, 1993). & Z 5T, EEDHIBR
PIER T TR % L - B AS, gnERWRI
L ARG EM.D T D BELE S HET 5, BEIRITERE
WOBEBRBUADS £ 0REB» B SICRET
%729, FEIOOERFOFEHRELT & &b, EHE
WOBICHFIHEL TRECEET 28 (-5 ©
B E b %% (Aki, 1969 ; Aki and Chouet, 1975 ; Aki
and Richards, 1980 ; &%, 1984 ; Sato, 1984 ; Wu and
Aki, 1985 ; Frankel and Clayton, 1986 ; Frankel and
Wennerberg, 1987), Z® X 5 \ZHIBRNE T OB IKRE
BREHELHEHEZEL, S REPELD HoT-E
MeBEELER S NS, IF (1993) &, REE»DOE
MBS B S MBEBHEROER RHEI L o TR
SIEHT L, AV —FYDOESLUIZEETS
BERARTH 3 LT 5,

BRAREER EEFBLULEYRAT —VDOETIVE
Bz, THEBE CORBREORTFEHLIPIT D
DOENEFEDOV EDTH 5 (EIEd, 1992 ; Duben-
dorff and Menke, 1986 ; Matsunami, 1990, 1991). &
B0iE, Mf2FHFOREE?» S OREIZHRZHIIZ
KEEERHfTHN 3 (Schultz and Toksdz, 1995).

ZhoERNERDETNVTIE, ¥ com-$ 10 cm 0¥k
XL, WE S 10 kHz-% MHz FBE OEERSHAV o h
5, R L ERTHHEERORIR 2Ry Vo
voF ¥ s (PZT) R EAFTM &5 5 EEFET (piezo

-electric transducer : BUTRR % £Cid PZT &) 28
HushTnied, EERTFLELLEHEZEHL T
LEPOMIEIREETH -7, FRICHIEEIZERRLARED
FREEBRTONENREE, RURFEEOEEOE
K[HHEIRO -0 IcE & h, MHEKREOEDREIHIGL
T3 LSRR Z L, EEOEENETHEETH
3, TYBEZMETORBERE L7 VERTHERS
DI, FEE P ERCHETE 2 v — LB ThH 5.
Boler et al. (1984) BHBERER Ly — %KL, ¥
BREOBIHET 2522 I L2RA, FHoREK
MHz OEBEEMNEF ) A—F (om) *—FTL 52,
FaA—RAF 4 v 7L 3y a(Acoustic Emission : AE)
W EESRT 5 Z LB Lz (Boler, 1990). L L
ZDEEBERFFCESSEIHENDY, WH{TTOE
DFAEEL L EEDD L, £EOKR X S1X 100 mm %8
ZEbDERVFABLERTHS, O, —mY4T
D OS2 ELUBFE L L, HENEEZ
DIz DETNVEBIZIZHEDAVEA TR,
SEEL XV —F— ¥ v 75 —EEE+ (Laser Doppler
Vibrometer X I Laser Doppler Velocitometer, AT
LDV WS 24— U THIBROGR 25T 2
TeHDETFNVEBRTFEEREFE L, Zhidv—¥HEE
RE BT 2 2 cSRREOFRERBEFRITE,
RELE 2o ¥ — L OMOBEEDTE L% 5 O THRY Hv»
BELLAEBTHS, UTEZDFEL, IhETTHE
B T 5 72 DD OEBRIC DL T ORERERT, LDV
ERWLKEOERZEHE» S, T NVERIC L 5EE)
BEROERNBRLATREE K 5.

2. BEREBROETIER

2.1 AHEEEIZHITEEROERE

LDV QEEPEBRFEHEIC DOWTHRRSHIZ, Akiand
Richards (1980) »55[H L7258 1 K% b L ICHIBEKE
BB o MER MR T 5. B1KE, HEHcHE
WO b GBER L O EL %, #HENcEB e 1%
BUERITEBOES c t OB ke 2, FNLERRLTW
3., REHECLHITE TRMBHEAHORE CEEER
(ray theory) #MEbLNT W3, FHEEBIFIETE S
DIk, THEESOBHME S PHBEROBERIC AT
BREVEETHS, BFEORELWAYERBSIONLT
LORBEMmIZINTHEEEZ T, LoL, Flz
i, HEEROBRPEERE LEABRETCEEHL T EE
wRtL, ZOXI2&HFEHREISAZL, WolTD, Hl
BERORD 2 »ITHEERE P BRI R AT
SECEBROTTER L TuhiE, EEHEOEE %Y
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Fig. 1 Classification of scattering problems in in-
homogeneous media and applicable methods shown
on the ka-kL diagram. After Aki and Richards

(1980) .
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R Ly IRENC e T 3,

TEHO LS nEEEER CEHOEMEERE T 3 7z
HEHERBROERAFENET (Boler et al., 1984) 23b
B0, B CBRERHIZ EDIFEAEERL TWuRW,
Lizd8o T, ZRETRITbIEEEAEEZAVEZEF NV
EBOL 1, BHOMIEE b iz U ERAER
e > T,

LDV B RS 5MD 210 DRHEA 7 U — > 25K
EZRE21E 213, BRI S & 0 DT R WIEEARE
TEHHITE 2 DT, EBHRTRER S HIELESRE
AT 2 HEELEMT 5 2 LTS 5, FHig, LDV
TRAESOEERBIIERE L BEREORE 25729,
REBEOMHE S LE LT R &> BEEEEENE
53, TORBEOREEE 2R TENIEE W S/N
HoEEnEoh, BEREBEZERCHETZ ZL8T
=R

LDV ©% 5 U & D OF I B — A BEHE % 20-400 m
LW ORI LIZY 2 &, Z OFEEBNTOFEIST
25 Thsb, EBRTEAVEES, FTOREE
% 3-10mm &% Y, BFOERCH T 5 FHWRENH»E
Hshz, HBHREECIEOMEEREBIT 501,
¥R VECHEBCHET 28] (Fv4) EELE
BI2MTbh s GERIE, 1990 ; JEPIEL, 1993). &
BT M P OBE, BES1 MHz-4100
kHz CHEERHE mm-$om L), FEEFORS S L
FRETH B0, ERIVEVERTO7 v A &Hillik
TERY, TVABAIIHTORYEREFHLDOCE
MEFRTHY, CNEBEULERSTESZ LiIZLDV
DORERFIETH D, i, BT 2HRERFNAZV
— YRR 5 RS ICEE SR AU OREERK S
DVBTHEIETESL DT, FA—ETOD 3ESHE D R
HIWRRETH 5.

PED X5 LDV OREEELT I LX), TYE
BB B A RERET 2T T VERIC L o TREL
SPERBZEMNTE D,

3.8 B

3.1 HWBrFRE
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FEEENIRT 2, Licdto T, REBDED £%2EIE T I,
YEADEERZRD B ZENTE S, TR A BB TRE
ThHBIEPERINDD, V—F—KiZ T ORMELHE
723, ABREOI® I, BEORELIGEDETT

BHaEhiF X v (Deferrari and Andrews, 1966 ; Defer-

rari et al., 1967), HIESR TR EEXRERFEH W]
ORI 7 Ui i+ Ry 7o —v 7 b LI
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NEHERREME L UTHETE 5,
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Fig. 2 An observable velocity and frequency range of LDV
(LV-1300) . A shaded zone indicates an observable
range, which depends on velocity and frequency.
The axes of acceleration and displacement are also
shown in the same figure.
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2, BEOBRETCRMDLHEIRHETHS., 2DLD
B, XEASFTECHE S RET 2 HE (FRE) 25
DREAZ YV —2HWS E, REEANOEEASHHIE
HahBWEETHOHERERIEONE, ZOBDK
By —MIFuvzryaviA2)—viPichush
T3 HDT, REWXBNE TSI AF v 7EHRBBIL T
bV, AEARPEICNL CEECREETELWESTY
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B3N HEEOHEE —AOEOEBRTIZ VARSZ, HHEE
PRESEI MHORCEBRT LERERET — 720D,
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TR LIz LDV %2 v ¥ — OB EE 5 Bt R E BB D
BB G T 5.

Fig. 3 A diagram of measuring system. A detonator piezo
-electric transducer is mounted on a surface, and a
receiver transducer and high-gain reflection sheet
are mounted on the opposite surface. A laser beam
illuminates the high gain reflection sheet and mea-
sure the velocity of ultrasonic vibration. The posi-
tions of ‘the LDV optical sensor correspond to the
waveforms shown in Fig. 5.
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Fig. 4 Effect of waveform stacking. In (a)-(d) wavefor-
ms cannot be seen due to the high noise. It is hard to
detect signals in the original waveforms without
stacking, but signals become discernible after sev-
eral hundreds of stackings.
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Fig. 5 Comparison of waveforms between PZT voltage
output and the velocity amplitudes measured by
LDV. The waveforms in (2) are the high-pass
filtered waves with 1.5MHz cut off.
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Fig. 6 Transmitted P wave and power spectral density of
metal and rocks. (1) aluminum, (2) Izumi sand
stone, (3) Westerly granite, (4) Inada granite.
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a: lzumi sandstone

1Z20)

b: Westerly granite

c¢: Inada granite

BIH SROHMEE

a I fIEWE, bl v Ay Y —TERE,

d: Yugawara andesite

e e |
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c : FRHETERE, 4 BEERLS

Fig. 7 Microstructures of rocks. a : Izumi sandstone, b : Westerly granite, c : Inada granite, d :

Yugawara andesite.
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Fig. 8 Model experiments simulating sesimic array. A
wave source PZT is mounted at the center of one of
major surfaces and simulated seismic arrays are
located on the other major surface. # denotes an
incident angle of elastic wave. Observed amplitudes
are the vertical component to the surface, which are
up cosd and ugy sin@ where up and ugy are the radial
amplitude of P wave and the tangential amplitude of
SV wave, respectively.

%9 —RIb B EMEIC L > TELZEHFAD P E, SE
OIRIE (KEiEH, 19955 D)

Fig. 9 Amplitudes of P and S wave caused by point force
acting on the surface of a semi-infinite medium.
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