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SCATTERING OF S WAVES IN A TWO-DIMENSIONAL
POROUS MODEL OF MEDIUM

By Koji MaTsunamt

Synopsis

The effects of S-wave scattering by regularly distributed small-scale scatterers on the wave
form of S waves and the amplitude level of S coda are investigated by ultrasonic model experi-
ments. In the experiments, P and SV pulses radiated simultaneousely from piston-type emitter
are used, and the property of S-wave scattering is compared with that of P-wave scattering and
is discussed. The variances of spatial amplitude fluctuations of each phase within the duration
of S waves strongly depend on the frequency of S waves, and the later the phase arrives, the larger
its variance becomes. The logarithmic amplitude ratio of S coda to direct S pulse also strongly
depends on the frequency of S waves. These properties are also observed in the case of P-wave
scattering, but the effect of S-wave scattering appears more sensitively than that of P-wave scat-
tering because the wave length of S waves is shorter than that of P waves in the case of the same
frequency.
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% simulation BSHERHTHY, P EOMEICHET 2 HED D BLEE TRV 20TIbh, BMREOHK
EOD* 51 =X LORRICERISEREES LT 5. WBLRR LITBIOT S #i3 coda waves [TBITT 5 HEk
HThY, ZOUIEOHELZNLC LREETHEH, S WicHT 5 CoBOMRIIFEF DN,

2T, S BOWMELOWEE S0, BENEE -7 2 RERBIERICX D, S 0D duration N &
S coda KB ZHEDOEEERTT S, WHEFVREOERY KWHEMIN 2 RESAMBE =71 T
B0 S I duration P34 phase (D peak & trough ZEK LTV B%K extremum DRIFEWSLE L, S
coda @ direct 8 FTHFT BHHAIBMBE L~ &3, ThEN P HOHELOGA &S MR SIh 3.
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FERIE R, RICHREINLERY O0BOLRUTHS (Fig 1) emitter & receiver (3 & bic ULiR
JRIEE fo 2F-BERE 4mm OEARHD PZT MBIRHFL oK. £ T, 110KHz, 150 KHz
BXU 250KHz @ fy 2 -7 34D emitter & receiver BFEFIN B0

BHEEFVIE, KEE 200xX52x0.2(cm) @ duralumin | THB, scatterer %§%f -7z heterogeneouse
REFNELTR, LOERD THERINL porosity H33 % (ROEEH 1. 7mm) D model HC &ETD
bOMBFEREINS. Fig. 2 ICRINE KHIC, LORIMN Lom ORAFXOHLELSTAIC 1. 7mm QN
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Fig. 1. Block diagram of apparatus.
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Fig. 2. Heterogeneouse model. As shown at the
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bottom, holes of diameter 1.7 mm are
made at the center and each vertex of
a hexagon, and the area surrounded by
a circle is considered as the element of
medium. Such elements are regularly
distributed in the plate model.
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Fig. 3. Configuration of the emitter and receiver
used for measurements.

b oh, COXIBRAEH duralumin ]O &R
HICRAINCAHE IR ONE, COKIBEF VTR
fo 78 200KHz 70 b5 R K ZHE B ESHE
KI5 EMBRBNTNSEY, —F, scatterer ZHffz
72\> homogeneouse XEF NV E LT, ROBT 5
NTVREVRALAEZIDE TNV (model HA) A fER
XNBo WEF )V OWMEN S L OE % impedance
A% Table 1 {TRE1L 50

EHHOBRD emitter & receiver DELHEDHS Fig. 3 i
RKENBo HH, piston BLORHBTFHOI P &
SV type @ S BWARIHC S Sh5D. Fig.3 DX
SIEEBT P & S HOWE (RO edge I LT
BELRIBRSD) BRTECIKEELD S8 3
(54°) %R 7F, emitter & receiver %, lcm @
TEX 2m O edge LEFABICETBEHIE2. &
OEBY THRE&NIKHIC, model HC TRIZEH
EIC 57 profile KB} 3 P HOIRIFD 2 T i3
ISV ENIKE T TR, profile O & K TD P
W first extremum DRIBOZTHIFEREEICED
HDERITL, first extremum O JRIE A3 profile D
EDEIBOVTHRAILICN B X 5 IC pre-Amp. @
gain KT 5, ZDXHICLT, L 0cm O
profile k1% P it BXU S HOMIEHREKICE
HExhbo

heterogeneouse 75 EF MTIEFRE 1. 7Tmm ORBHEL AHEEONT NS, TDIH, ZOEFVE
(EE$THIRIZCORICK > THEIE HNBEY, T TR, profile TSNS P RHLY § D dura-
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Table 1. Measured elastic wave velocities and acoustic impedances.

Diameter Porosity, Plate dilatation Slieayt Acou;fic
Model of holes, B velocity, V, in zei:(:x n’;} ;’n\l,pei:nce,
D in mm in % mm/microsec. microsec. bar/kine
HA 0 0 5.45 3.15 1.52
HC 1.7 3 5.21 3.03 1.40

tion PJO phase @ peak & trough % HEX LT 5% extremum O MEIRIEW 5 X &, direct P I
4% P coda @ SPPIRIEIEB LT direct S IHICXT B S coda OIYIRMEILE HZhZNRITEI B0
profile £} 2 XIRIED & & dlogd BRO LI LTHRESI NS ¢
slogd=logd—<logd> e 1)
T, logd REHHA NI RIE O TH Y, <logd>13 logd d profile WOV TOFEEETHD, X
SICIRIEW 5 XD variance Ddlogd RO XS ICLTHRDONS ¢
Délogd=<(Slogd)2>ccrveersecsenens 2)

TAT, TTTR, Hukomes ZH-T, (1) RiCk-TEONEY L& dlogd EREBIHD BEKS &
LCHEd %0

EERTE LM% Photo. 1, Photo.2 £ LT Phote. 3 TR T s ZNEND LEICIZ, emitter &
receiver % FEEICEMIETHEONIIEL, £ L THREICIE homogeneouse IS EFLTERS N ko i ¥
h, X DICTFHICIE heterogeneouse 72 E F N TEONIEFEMNENFNRINT S, homogeneouse 73
EFNVTELNIEL, profile DEDAIBOTSH, emitter & receiver ZEIRICEMIHTH LN
BELLMTOBs UL, heterogeneouse 75 EF DB AICE, HREWEK L BEABRTEAZLSEHN
HOBVICELS S BEORKEOTHMNAZ . 5T, P BLY S coda O direc P B XU S Wicxtd 3
ZhZENOHINIISIRIEL < hs homogeneouse 75EF L DIFA & HE U THEICA S,

Fig. 4 IC|2, homogeneouse 7L EF LV TEH LN P B LT S W DA extremum DIRIF logd D profile i€
BUBRHEIRINTN S, PIRBIY S ik HIC later extremum ¥ THEITELE LIcHhiE LT B,
—7%, Fig.5 XU Fig.6 i, heterogeneouse REFLTELNRBASTMBREINT VS, Fig.5 &
KU Fig.6 JDROEI L HBRBROENS. P IEDW S X dlogd i3 5 I D FHAK L ST HE I/,
X P BLY S I &b, later extremum FEW 5 E dlogd B RELEDE. /o BARE THBiE
EWHE dlogd BAEV. ZNOLDOHMIT, WO ED variance Dilogd ZRD BT Licky, kb Wk
1B, Fig.7 IT, P B XU S DK extremum DWW 5 XD variance Dilogd AVRANG, HEhic
12, PEBEU S JD onset DOLOKEH 7 BELNTWNE, ZORIDHPALHIELIIC, S EOWLED
variance Dilogd 13 P OBEICL BT, BXEIMHEERE . T, Bl v 195 Dilogd @
HENoEHA LT LRABEICRE .

Fig.8 iC, P coda OHIE 4, @ direct P JDRIE A Wi 5% IR IE H log(4./4), &, WL S
coda DBEAE®D log(4./4), EISRENSD . RIE A i duration NOFEKIRIEH, BIE 4, 123 emitter
@ duration time 47 (20~30 microsec. ) FDRARIENZNENE N Bo emitter & receiver ZiEIC
HaXEEA (@) & homogeneouse 1LETF NVDES (O coda), A(S coda)) E2HET 5 &, HHE
DIEARIFLL log(4./4) DER, £ fo OBATORIZFEUTHS. Thl, TOFIIFHH impedance
DENCEZEDEEZL OGNS, —H homogeneouse 1XEF VDA E heterogeneouse 73 EF v D A
(@(P coda), A(S coda)) LZHET S L, MHBHDHFE impedance 139 BIRE LEDLT, X SICHED
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Logarithmic amplitude distributions of
the extrema of P and S pulses observed
in the profile of the homogeneouse
model for the resonance frequency fy=
250 kHz. As shown at the bottom,
the extrema (the peaks and troughs) of
P and S pulses are numbered according
to the order of arrivals, respectively.
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Logarithmic amplitude distributions of
the extrema of P and S pulses observed
in the profile of the heterogeneouse
model for f;=150 kHz.
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Logarithmic amplitude distributions of
the extrema of P and S pulses observed

in the profile of the heterogeneouse
model for f,=110 kHz.
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Mean square amplitude fluctuations of
the extrema of P and S pulses observed
in the following cases: f,=110 kHz (O),
f,=150 kHz (©) and f,=250 kHz (@).
The value of time 7 is measured from P
and S onsets, respectively.

Logarithmic amplitude ratios of P coda
to direct P pulse and S coda to direct S
pulse. 1 shows the case contacted direc-
tly the receiver with the emitter. 2 and
3 show the cases of P and S codas
observed in the homogeneouse model,

resvectively. 4 and 5 show the cases of
Pand S codas observed in the heteroge-
neouse model, respectively.
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STEIRIE L log(4.,/4) DFEZ, fo BEBREBAIEERSIV. Lhd, REOVISHEXSIC, P coda X
Db S coda DBEADHMNLDKEV. COWMEF VBT BENMT, RICLIEDHEIOZEEEZ LN
bo

PULoEBHERE2E DB EROKIICIE S,

1) S 3D duration NiTHF BIRIEW 5 XD variance Ddlogd 35 HBICKEL, Lbd P Ho
BRI bRTBXZIEIERE L,

2) S oD duration RiICB VT, P DB A ERBRIC, later extremum (F & Ddlogd B KEL 7850

3) S coda @ direct S JICHIT B RHIKIRIBL log(4./4), i3, P coda D¥iA & FERKICHR  ABEUCRE
T 54, P coda DFELD HEBFICKE,

4 & H b

ZZTOFERTIZ, emitter & receiver 0D R e B+ 5 JH) parameter B(=2 L2/za®)Y Offid, P
WB LTS BOBAEbIC, W SHIC Fraunhofer diffraction DIFEBOETH 50 £ 2T, L RILDILIBE
B, 2 IR, a i3 scatterer DL size THBo —F, WEE scatterer D size DM /a &, PREOD
BATHI~], § BOBATHT~15ThH2, COXHSBEBOBEAMTIT P Kb S HbEN, FHHE
BTHEENBY, i, duration Wik 5K ¢ B9 5 variance Dilogd OO MWL, KBS
DOHERICH S $ 2 A RO BER L KITRIL S scatterer DX DIEIIC Bk LTWHAC EnHiFEh
3 —7, P coda HLU S coda ICHB Y B MPIRIFL log(4e/4) DHERH S, P BRY S coda 33
DOBEDEBER ZITOS L EPHBING. £, B UEARKICEOTIR, PE XD S HOLAGD
FBEOEENKELEDLNIOREL LTHEDBVCLIE D EZELON S,

ZAZ, duration ORILS source BLU B2 - L EEEF L ERER LT SIcERINICHRE LTHS
WBEH D

HOIC, KREEORIFECHE MR NTS - W RIIAFRHEREERRICE MLHE LT E Y,
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