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SEERICHE A U 72 synchroscope, pulse-generator, pre-amp., receiver, source U fEfE&D
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Fig. 1. Schematic diagram of model.
Longitudinal velocity and shear
velocity are denoted by
Vp and V, respectively.
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the direct P waves
are observed.
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1. H=32mm model #{FRL -EBiER
U DRI & B 2 P E 8 2 BUCR L ThH 2k CiTi- o, Bo kil
FREIMCRLTH B, REOEMFEFAICELSE TRTEOBNZGE I i, HRE
FBIEIE 270V OFER

K&

s

CHIWz T 2 VEES ) AR INA DRER A ICE Az, A B
Pk L2 D pulse [B%A 5 us BIFHIZ S s dn o 45 s £ CTEA T2,

DIRECT B WAVES

B3R Hm2RoFETEs s, WRnAKEED
pulse %77, time scale 13 10 . [fE AR T,
Pig. 3. Seismogram obtained by the method shown in Fig. 2. Pulse
width is shown by W. Time scale indicates 10 ,s apart.

43Iz & A timescale I3 10 s il AT DH LTS, Wit source IZNA % BED pulse
ECcdhb, puse BN 25us P OLDERZEEF> XD LTS, AN step MROBERED
PR AR D head DA A B EIT O pulse IBIZFAGRIR LA LIEETH B, K step
RO&IBIEOBDICHT 5 head DIGEK S pulse IR CIFE A SR UNECHE, B
CEIEOEIY Y, FHicsd % head DISE G K BlEE LT 5, Fo7 polarity 253t
R ThBE, bHAABIEON D, TOICHT SIGE OBk ICINA &8 H O pulse
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I L, pulse f25 25 s DT OBE& BB EEOV LD, FOICHT 280 EREH
> Tddb0sBbhd, 8 3RIKILTH 55081 source, receiver, model DD &
W HEFE—~TH B, IhDIC source, receiver, model 2+ v + Uiz d 3 e BRI MA
HEHED pulse [BOAZEZ THH LD TH B, CCTHRUINIEE L) ORIEEK
BIT) i (I-8) T K> TR LS BICR LU THh 5, B 5 RI-Ci3 Bl L 7 0% ORI R K
&S B A1 B T (% 20 ps 705 100 s % CORIAER L T 5,

T ORRISIRBGEA DT T, KimpE oz R EoE X H 2832 mm ¢ model % L
TIPS 5, IRILE SR o 4 4 400 mm (2[5 L, source, receiver, model % U &Iz
ey P LSS CHEAETE 7, €5 LT head & model @O K& HIC K BEMODEMN
AELBNEIIC U, BIENREEARNICRLTH B, £ ThH time scale {3 10 us iR
FiRY, —FELEEO time mark (3 shot mark 7» B3 A T 400 ps 72 - 7 IGA & FbH LT B

plastic-aluminum model ® B4 12 RlE Mk T —BEE T H DN 2 U diSpersive
Rayleigh Waves ¢ fundamental mode 1ZJ& L T T, B 13 B D Rayleigh Waves D

HE=32Mm o A =400 MM

EAN FBEOEXIH3Zmm O model pEBonkithk, W & 438~
pulse 1§ & EIFEEA E 9, time scale 1% 10 .5 M AZEH T,
Fig. 4. Seismogram obtained when layer thickness is 32 mam. Epicentral distance and
pulse width are denoted by 4 and W respectivelv. Time scale indicates 10,5 apart.
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&Y B, HBARKICITEHE 1000 m/s DR EL D FEET AL OHEORENRLTH S,
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% model DA% X372 T, X4 4 1000mm, 2000mm TH 3, %D DICIFEN & EBRER
DB 4=400 mm O 67 & ¢ 2 B30T 5 BRI P ik o SO B K O FL I B A I A 400 ws,
800 us fe> THNTHKS, BAKTRENGEBEMMPUCTIE > TR TOTERTMEDOWBZL L
LFLTHBD0bh3,

# 4 ®» 513 source condition MZEHIT EW L & b LRI LE T 28hb
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Fig. 5. Comparison of amplitude functions of the surface waves with those of the
origin. When layer thickness is 32 mm and epicentral distance is 400 mm.
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72ONEL 27206 T 2, BADOWOERBPESLHBEEEZ L TOEEGOHE L, X
DORRICH > TIRE D ZD THREL LTV REGbH 5, —It pulse g W DEImcfk 5 R
WOENDOHMELWZIE, pulse Iff W 235 us 2SI L TT L IC 2L TR OIRNG 1T £k &
LTRELNEE, RBICEBERIZES 8 ICGE D <, pulse 1§45 20 us & 2 id 25 ps 1T
THRIFBRASERE L T—FRELUOEBHBBMBENOILLERICIL A, pulse IFEMB 256 XKV b
EICHINT 2 S BIERCACRBINELLRBVDELD L, REBICE TOAEBBRIETNT
RAVCEI OB b Ok TR S,

BMUWS NAEKTR ) ORIEEE AT) %2 (I-1) KOEHICHE> TEHIL, REOIE
ERERBESETETNERES KR L TH 5, 35 Kok AT) & B(T) ® scale D
TR EICBRIZ IRV, 7ot AT, B(T) & b4 23 F— scale 1C78-> TV 5, FRMEOWRIEHK
# A(T) I3IEF-CO pulse i W Oin& dhiceimlL W=25us TR &R 3, HEic Wasian
T 2> TZ A ERWITHA UTIT L, FilBOWRIEEM AR AICTE 2Dk W=25us DI
TZDHP T 3K O0us THb, — N OIRIEEE B(T) 24k & LT pulse jg W o¥gins
i W=25us fiZcfiinL, ¥i pulse g W 2s89j0 L T HE I3 RHIC LML LILWV, 772 pulse
TE ORI & IR DO E A 0 I > TH B UF R A BN 2 BOEN T IcBH LT
b, LR TEL LR, 0 DEEE D OREHKICE A /2 pulse IICHHE T H2E T TH 5,
5 B o EEBIMIC R W O HINEr: D peak (& JHI 50 s (T ICHIET B b B, K
B OPRMEEH D peak 3 50 ps FE T o Fo & & FE I ORI ISR U < I 50 us 31  The
RIEH ST BHIBENLTH S, W=5~—454s

5 4 DU & 55 5 RORITHHD T & s | H=32um  A-400Mw
ORI DTV AR, B ARKOBRHIIRIE
M & R I AL B B B4R L T B D Tl ar 3
HUSBRI S L, L LI 4 O WO BTTE ?
U C RO BN b > TREEE AT & 105 P g ea %
HEEZIWCANS LIRBEHB DK & B OEK
MO E B LEI R U EEZ 5, AKEL 2 o
Yo B E LTV 3 B AR EETERS — @f
DOWMTBER T, REKMRSEHTLONT
VW2HDRIBEEBHOEO L TERERIA
TZOoDIECHREEIhTY 5, ! L L y L

ic model @ EMEIEESKW B BT 3Ous 40 50 €0 70

_ BOR EIEEKOL A/B.
BORicrah AT), B(T) Dtx & -»T FEEOES 32 mm, HIEERE 400 mm O 54
EORICTR LIz, B6 IO —» g Fig. 6. Ratio of amplitude functions A/B.

- When layer thickness is 32 mm and
FHEUHEOE— Y LT3, CCT epicentral distance is 400 mm.
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1293 Y ORI - 72 source condition 1w L T4 T AT), BT) DhERDTH %, FHMITA
NoENKOMIRESNICH 2 BT WA 0B LIESHDT OV AT)YB(T) o<
Hi, o TEBEBOREELZOBEEEZ 0L 31, OOWOMERBRLERELE <
HEHETONEATH B, CNDHDIERICAN ST SR FIA S DA D ME P ST NI
KH b, KEHRECOBEDILDEARLTVEN, BEL FTNWIEICT D& 241
ST DHEMBHEDEES, EEMEOMMSE, HH T=50pus 1< T peak Z 3 2
MM OEFEET BEB LD, HE30us LHBEOHME 0ps XD & EWHFITIE
RIFRHOEZOLONELTA/BOMPEE L CEESBVDOTEHLSBE N,
2. H=15mm, 20 mm model Z{FRL =L

BIMi T3 H=32 mm model 2 L, IRE & HNIMOHEEE 4 13 400 mm (< [FE U TH
PAFTIE 57z, > TH 6 RICR&E N A/B Dl 4 02z L SET BEND
MEBEREIN TV S, o> TRIC 422 L2 THIME RBEOEBZTL S, 4REBIRED
pulse % 10 us 1Z[FHE L, H=15mm model ® B4 4% 30 mm 75 300 mm § TH 2 TH

H=I5mm W =10us

o i ik

BT EHEOEXHN15mm © model 5ELh 538, W 4R3%%
pulse 1H & B RIEHE A F b9, time scale 13 10 . A ED T,
Fig. 7. Seismogram obtained when layer thickness is 15 mm. Epicentral
distance and pulse width are denoted by 4 and W respectively.
Time scale indicates 10 s apart.
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Nz=1772 572, H=20mm model @& 1d 4% 50 mm /» 5 500 mm % CE L CTERMAFTE -
Too BON P OHEFE H=15mm model 125 LT3 8 7 iz, H=20mm model 125 LT
BESHKICRLTH S, T 4DBINE I gain 2 - TH 5B

= \_‘/\\‘-‘

H=15mm ' 20 mm 0 F N 0EES 5iiid

I —%F ! (Y3 e
JREEDS 1000 m/fs KD 3R, COWRBOUMEITE > L HIMEE L TED, 408Inctk->T

EAEARSD ULAILREEZNOTIT . ENERBIZEOINAORE FA SAML TN,

H=20wmM W=10

‘u’/&x s

200

o

_ ,\\/w\' ,,.'.K e

? . :','\ “:" ,b \
300 BRGNS A o

350 [N ._ A

L 400

#EIH ihﬁ@réfp 20mm @ model o EBSN80H, W e 4id&~x
pulse J& & RMEFEHEEFEDH T, time scale i3 10, BlEAEZ=H T,
Fig. 8. Seismogram obtained when layer thickness is 20 mm. Epicentral
distance and pulse width are denoted by 4 and W respectively.
Time scale indicates 10 .5 apart.
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ORI AMoBmE i, AEEEIHNUBEERZBEL LTS, oW H=32mm
model TRIFEOM GIC LT, BlH fundamental mode I B LTV A TH b, T DIRIE
O—FEEBL TV BB T (UI-1) XoERICH > THRERER AT 2 XD 2EEIND
miEs, BINORBHEIITEE LKL
PFORRIC peak DE AR CICLIzd D as30uM 60 100 150 200 250
T$Hb, H=15mm & 20 mm model D 4 /\ /\ /\ /\ A f\
&b 4=200mm Pl FiCiE>T< B &A%

T 10 20 30 40 us

H=15um W= 104s

H=20MM W =10,s

ERREEBREAL, E2oEmEKICHLT A+ 50MM 100 150 200

PICRESAE BT B, 20% A A /\« K N A‘
BCRTROFEEH S 4=200mm BLL

T 20 30 40 Sous
it 5 &%Zﬁ < —g_fﬂafﬂééo bf%bé*@?g %9 HEBOFIFER. REOE S 15, 25 mm.
o#iiA, e H=15mm model 5t pulse 1§ 10 ps. 4 RIRRFEHEEHED T,

Fig. 9. Amplitude functions of surface waves.
‘When layer thickness are 15 and 20 mm.

L TIiE 4=300mm ¥ TORPANICRT Pulse width is 10 us. Epicentral

distance is denoted by 4.
FELE5 O model DIFESIRIEEE DO
IR & B AR O BERE 4 1CQEBI R TH B, I peak DB IIFTEAICR U TH B, peakicH
2 EME H=15mm T34 25us, H=20mm TE#1 30 us TH 5, H=15mm Ci3 4=30mm,
H=20mm T3 4=50mm 55 & 5 T CTICHRE 2 5 OB CORME & WISHMORRR L
TH D, HRMEE LTOBEIc 20T (1I-2) Ric i 5 model O FMED > biio(z
BICPHT b0 MP(T) 3FBBELE S THREWEICE S, KEEOERICH > TiREEEII £
KELTHELTT, ZOBICEIAINCK 3 2 535 L L,

LTiE 4=250mm, H=20mm model |Z

V. Plastic-Aluminum model ¢ & #7458

H=15mm, 20 mm, 32 mm % model i DWW THRBRBTHL LN, FNEOREDLS
IRORBREBICK T 2 RMFEOWRBEE O 2K, i EOSHREIM & R L TH 10 Xic
RUT, #10 KTl H—oficd U TRt Lo okl & B g, Bl SRmE &R
RoREBEEROEH Wb TH b, TtV ALENREEOES HEolEE 0 R
dimensionless DfEIC LT H 5,

BIORLSDLPERBXOKICIES, HUFEEORNE LEOESICHHILTHE, £
D7eDICHEEIRE DL DL, —FBRESEHT 2 BEHE S8R © £ T fundamental
mode ICJ& L TWVT, BB FIEO Rayleigh /0 & minimum o Bk I 2 @ific
bbb, TORTHEAEEEESZ 5 FME TV, /H DEH 3 D TH 5, minimum BEEEIC Y
BIAME L TV /H O 4 O3 REEIEFICNICN S, FIRZERINEEIOROD
JE A R R IC 3 PR TH B,
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3500 [ PR L 2T 0D H RO BT 5 4kl
CEMROMICRESE BT AN E— DS DTH - f\\
B, o TS S R OWHEB LS & T 254
HE2OEFEFOFOPAKCM>TEPE L TEHELL B
bOTHSS, AEEHIED IR LMD B E ”“/ﬁ\
LT AE R 2, 4#3 minimum 3L S 1 Oms]

]

L
O — MO — MmO — N Ww
@

DEDENEBUON, & 5VEBEXOMIC DTN 3“}fm\ J
BMEMNH B, FNI, BIZIEEREARENS T 16 |- -
PR EDTRIZE->THARKICIEZ & Bb s, Eicik 4= ¢/ ~
FA LD & B FEO G ICEE Y 3 BA1 & —7 E‘
Bk 5450 MBETH S D, sl !
6_
VI. RRY MBS HICEBEIEEEDRE L1 1y
ol 2 3 4 5
JE I Ak D B BT { S ADEFR D R TV /H

7 MW ETGIE S e, TORIGLZIET ICTF D3 M 810 A B & 43 T D B,
4 = g e C & U 333 = o NgmE &
AOTCEFEHIBICOT Tk, £ THEOD aleoifialy

WDTICHRIE & B IR S S LS & TRMW O AAE  Fig. 10, Comparison of theoretical
. curves of phase velocity C, and group
A TR,

velocity U, with experimental curves

Flt 7o 524803 H=20 mm model % ffi ffl L, #igiips  ©f period-charactaristics.
5 50mm [ CHMLABSMICTRL THEEETH 2, MEOHITNIHEEDSDLMALE
SRFRIZODTHE T 5, RKOONAMMEDS SICLT, WIS QMRS Hfs A wish & 3
LZEMICHEMAD R ZM, RICENS DAL FESHBVERTHEY, ZO0HBOAEEE -
THhMEEESE Ui, ZZ0M%BILIRICRLTH S, F12KIEC OBIC L THD f AARER
CEH FOSHIEGEA B L TRLUTV S, & OMEEPBIICTE» 2108 O s S
Bk w2 SR T A 700, 1L OER MR S KD Ao AR H 1B RNCTR L TH B,
BIZREF I3 FAERBAND ERRT PUSITIC K O RS o ALAEEE & ILA @ ER ISR D
SR O fMAIE A FUMICIE> T3, 2 LTMEE dEEmlFITIEE~RL T 5,
LA O ER R O MARIRE A P 2 5, EESEREIGED L, EECROEETH
B, rfERHR L OBERERD B DICHEERIETORIEY, BIBHEEL0HA»LK
HDTEE LD DEIENTH S, KD MG FZBICERRICH LN TS HIA20 48 55 40
s TCOMIKIRONZDRHBRTHZ, —HAX7 baic L 2 BB 1L ROZZD 4
Db EXIIC, BEIRERIEDDKRD BHEICK L THKRMEY, Ry 2 b M

5) BiH4
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BOEBHICBELNTORVWEOEIIPENEHIC OO THRD2ENHRE, bHEAALH
W30 us B DPRFTWOAXKHEERRL, BEO/NEHVE204s DTH 5003 4008 DL E
Db DIREE S B S 185,

BB S EL B E R IR OER T BEOHATDS, AR7 Mgz R TAhMAEEZ
DEL D AIHBHEZ LD LN, 4BBEEES THE>TREL,

n
)

TRAVEL TIME

C.U (1o00Ms™)
o
<o
Qo
L3
o
\i

100 200 300 400 4§ ! Ty """’"\-/

AN

mm

100

- Te224s 1 ! ] ! ] 1

200 10 20 30 40 50 860
300, T

. BI2E =7 PSP SRS o AEEE

B Lo S8R e o kg
200 T=32us . . )
Fig. 12. Comparison of the phase velocity

300 obtained by the method of spectrum analysis
with theoretical dispersion curves.
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Fig. 13. Comparison of the phase velocity
obtained from the travel time curves with
theoretical dispersion curves.

2. Model Experiments on Characteristics of Surface
Waves in a Medium with a Single Layer

By Kazuo HAMADA
(Department of Geophysics, Faculty of Science, Hokkaido University)

In the previous paper, experimental studies of the surface waves have been carried out,
for the model as shown in Fig. 1, by means of ultra sonic techniques. The relation between
periods and amplitudes has been investigated in the experiments when the layer thickness
alone was varied. In consequence, the followings have been found. The period-charac-
teristics which are concerned with the model are evident, and the waves having the maximum
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amplitude correspond to the fundamental mode of RAYLEIGH waves. The amplitude of the
waves becomes maximum at the period TVp,/H=2.5, where T, Vp, and H indicate periods,
the longitudinal velocity in the layer and the layer thickness respectively; this period is
shorter than the period at which the group velocity is minimum.

In the present paper, the purpose of the experiments is to investigate quantitatively the
relation between the amplitude functions of the surface waves and those of the origin. In
consequence, the ratio of the amplitude functions of the surface waves to those of the origin
-has been found to be constant when the source condition varies. The ratio which is defined
here as the period-characteristics of the model is maximum at the period TVp,/H=3. The
waves having the period TVp,/H=3 correspond to the fundamental mode of RAYLEIGH
waves ; the period is shorter than the period at which the groupe velocity is minimum.

Next, it has been found that the shapes of the amplitude functions of the surface waves
are conserved when the surface waves are propagated within the range of epicentral distance
used in the experiments.

Finally, the phase velocity has been determined by the method of spectrum analysis of
the surface waves. The values of the phase velocity obtained are compared with those
obtained from the travel time curves and theoretical calculations. As the result, the values
of the phase velocity obtained by the method of spectrum analysis are nearly equal to those
obtained from others. In comparison with the method from the travel time curves, the
method of spectrum analysis has a better accuracy and can determine the values of the
phase velocity for more wide range of periods.



