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B R AI VL EM ORI L, M OREFRBIIN T, i L OREE ik LS
2%, BCHMEME OB ZhP R 28103, BREBERCCHEMOSRIX L &Y,
FEERDUITHRIE, JUBMILE R OB R MAMTAT F OB 2857 L g hudie & i,

HWIRRIEOGROEAF LR OOMES T B VO IHETDH B, ZD— DI KEEESIC
DHIE OIRFN P HE D IZU AT (U LI 5 20 3BT H S, Mo—o ZiEiizEgT R
SEY» B, MEMA O WP B2 170 MECHEIRI I WIS To
B, WIFEITIE 2 WINRICFESR T A0 D HOISR 247 S a I, WM R$5, BFEH
OMEE Z ORISR 2 25, FEI % EfCHERD) 840358t b 5,

L NTHER B OEZERERM 2 Fo Rt 2 e 2 R 1, 2 0% SRR 3 hTu
Teo BREFEWA 5 L1 ) HINOBIC i N sh o, BUED, 35 URIE) & Em
KEM D B2MNECLY, HOoMOMEEESERTE 31 5 A%, HEREORM &k
TBLETDB, FEFHII T OEHFOIEC DV TH LB Ui,

L I o T, FEEEOMA Utk BRME O Dv TR L B p s L,
EDRREE 3 TPIBOWBIEE EWCHHT 2 2 0285t Uk, T Tid, KEEER OB D
CCHE A DBER T O, IV LT, I T o TB iR 2 A0 UT, 1R IBE
RERERL ThRIOCELBOES, R I 2 TREEOHERE It E OB 2470 B
DD BN D Tilitde, V- VIR EEZ 20 PRIZT 29, RYHEOFERE Sl
T 2 AT ik - ROmREE B B MBI o u» T Uk B ilieiz,

DL 53 TAERIC B Ui T d 5 2% B VTS BE RIS <288 &
b, BEEDHHEEP LT 3RETDH 3,

ABFI 2 10500 2 D H 4 R - MRS W e S e R - B BT R0
PRI B IHE, HAERRERLPHA L nieBiftad) - & FH— « TEEHOHER, 4
SEERFISER SN S N B IRAS PR OB IS, EROOTAYIR - A - R - /D
BESOEBECHCRMOBE 2T 3,

BB BWOWIIR, HHF & RHO SRR £ - FEHTEESC L oCb RS hTw ),
CSEHERES 2 L, OB ORREL I Uik £ 1L, 3
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I B5HhER O E

1) B &8

FEeaEg o 3E R UT 2Bt SRIRIC B r5T8e il 2 prgtait & h e BS U iRa T T,
BB OHHDIC DG TEE AR U L N T3 230, 4 2 (CHIE DOIER) 2— BB O/
U, ZhRiE U oscillograph ¥ {8, FOEMEARENCRE UT ilm R8I w53
DT, oY EBkY, BECES NEHE, BINCHEL L neiRE & S oMEE
PRT, WENMRIOFFERZAOA K S $, RIF B - PR 2ERT 3R L OTEO
BIR P RIEE SR U A LES B, COEBRP UL<Z08H 2R LT, Z0OBR
HWEC X 0B S N, HERUELEH S I I 0005, AMKOEHMNTDH 5,
MEFE & UG, Biic & ¢ BRI O It 2T UST,

2) BSHESIOER

Z OHEHL pick up, amplifier, oscillograph @ 3 #4545 HiskT 13, Zh o HEOEE
BeEEtR P TR(A) (B) WCHIEIIR Lz,

ALKEE .
.5 O Oscillographs

wAzg \ W

4 1E (A) | w1 (A) % U K

1) flxy, TS RTEREHBNEEET ESSE, 65, 209-308).-- - HEEHIA D Do
BT, WIE: S FAMERT CGhE2E TH)
” The Radio-Seismograph (RAGIFRMERAER, 848 2%8) 1930
v MERICRG A S FAOEH MR1E )
PR OFELINEME, #bhERT L BB O RSyt
e HERRE o FEICED T (RIlEITGARES, 84, 6%5) 1940
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Tl

(a

clolo] O [0

8]

O

Dioeoininin
OOOEOOO

Q=

#1IKK(B) &4 oK
Oa, HEERL FRFICIET 2% ; Ob, JokEs; [ SO MH; IL v~
7@; IH’ ﬁé“ﬁ%ﬁeﬁﬁl ﬂﬁv g @Eﬁﬁ: a“f: iﬁwﬁ%&; h, E?&ld AE&E‘?HZ& [T
1.5 VEEM 246, BEMLE LT VR b, CBIlE LC 4.5 VEEM1{H;
IV, 598458, a, AR 75 7 TR b A4 5= —5-R0¥HE c B 50
A2 N]F, 9, h AT, e BEib1.6VEER 4

a) pick up

LHLDPEENAR BB 2 ST 25EED P TRBERLE 2R T, EHEEOE - 2/H
DO permaloi OFRLOMW Y CELREEHE XD, hPEMEEY TR D USRI O KARAD
BB, B UL SER T 5 L, S0 Rills BREE I — 3k LI is + 5 ¢
Ll h, MAAKENFHEITSL I LTHB, THREIHENZFIN LT3, 34
BEIREEEAADBH GRS 5 X S b MaERE Lt d B,

b) amplifier

pick up 2384 UZe BB #3507 UC oscillograph % {#ip 4 3 K5 nBHI2E L3¢5
BeE% ¢ B4EE T, 6HlO amplifier # 1HOFCHAATH S, 20 1 BEORHPHES K
R Uk,

¢) oscillograph

amplifier 12 X b 3#E 3 N7BET1 % FORIMARENC R385 T, ¢ DIMER O NTREE Y%

2) T EaEEEEREAEET GRS A, 48, 1930)
” WiRTE TR HIRERT (Wesprge P, 142 8, 1930)
» i TERA IS BT84, 6%8) '
3) WEr: EREISNHEROEE: WETE, 108, 1935)
4 PRIt ORE (DIERproe s, 1888, 1926)
USHOBER I LCR20113) 1I2ET 5,
4) W REEtA v w25 7 OF%E IEE T4, 340-358, 425-437 )



5 4 MU 5 FI R Lic, BRFELK AR
(M) 222 s MEBRoMs coil
(C) &+ 5 permaloi gki» (C) 12X B
BRE P EAZ S ¥, ZORRC K TF—ARLD
W TESE Ule & B2 DR D758 (5
)T 5, HRAEMRENZRH LT3,

3) BRHETHOEREUICHEFIRIGR

FNT EERIIIFSEAC O Tilieg, T BRI
ARAIIEIE 2 1T 07e, SEERIIBFHO MINE RO
WML ThS,

a) pick up O

pick up DA RO { B IT—H
WIOBILR, i IREAL, TURE () o
SOOI D B,

45

E—vl NS LL S

lll}~

v

|

AVC O, FLEA
g wEmm

g =
s
i
- S ,I» .
= i &
%) BF
%f
O

5B HbERETHIERY (38 JLUF 39.) —HUEEKIK

BANOLES) —EWOBIR L TS 5 1038 6 ROMEEE 2 M0l 1@ UD I Spdi
DTHEECR L, M3BEBRR OTilas,
ETFREHORIFIIERY 0k T, 2B0 "3 (K) L3 2121 Y, REHO

IRTMEBIPZEL 5 & 3RS,

PRI ## 4 eccentric motor 1% Y/, HP. T, motor O ililizid tacometer #5417,



V- B |

One elemenr

LT #7737
ol Iﬂ ﬁ ? ’

Rt

g4 X
M=KAREH, MC=%~, ZOHIT# Permaloi OghlL U Coil 235 o BH
X 0RO b do VM=%BEX 0 &3 ERTFIc o0 e
W=2=AR ALV XL 0EARE

AR 2 e LI B L S
12 Uz, X, stroboscope
bR Ure, dRERAKNRIE
MEEEC X hEER LN, ’

TIFHR

[ElE R 1% slidax 23 b
FHi 35, volimeter V
2 b BARIEC N T 25
WBEZNS X 91 Uik, A | 4

HREHOA» ZRRTS CitBotic BrAndiitNo<BL  Parf Bls selfled m 4,
Part Cis selfled in Bs

# 5 M

7 &, cathod ray oscillo-
graph T & 2% (riRE)
PIEEL T C N TRAEVECOT, SO oscillograph # M7z, T @ oscillo-
graph @ element OEFEflfE? XK £ O HAYE T SFHH T2 MEN X MBIER & 5 Rk

5) Bl F=MAEL: RBRAONEREES b 431 (UER



(V)
;._/
Be:ecfar ——b‘ i
n ﬂ‘frp/_ u e R B, SRS e 4’}&‘
! Isciteler li
Vitrater 2 S
Jr G ~—Lf_J
Sf/?/ﬁ’/y Zable ~ ™y ; o
(/\ \i‘ | Carh. Gsciliograph
Sokawa Oscitlp, ——/D

B/ 6 K
D5,

PLED T 3E % o TilsE 21707,

B0t motor %[ 3+ weight O eccentricity 12 & b - TR % 5 2 IEHE 24RH) 3
u@%ﬁklbmwupmﬁﬁkﬁhe@,&f&m% 12Xk b coll imEETBIHREBIO
ZE{b% oscillograph ‘TFH b, LR+ 5, —F drum d 21 pick up B2 & R-iRE
BIr 2Rtk s @ BLAZ4RIE - % ma o & ks, 2o & voltmeter OfIc & b B
PRGN T 2FLWEBEL NS & &R, #OTRBEI—BINOBEEI Y& k3,

Z ORI Uil Ui ss o
—PlZ i TR R, (@F)Ih

// % & pick up FEATBEER
Conposite response cuorve ¥ A EYREDEIAD BT G E

of pich up and oscillograph. @Jb“CE}Z) L35, - ORI
o WV BRI 2 R R D2
1 . o} by Eyperiments SRR & L OB LT B,
y o / by Caleulations DLEOMSEFE T, RH2HRA
Q“(p DD —Z LT BLIEDIR

i ?@SQ : Given vibratmg amplitude=01"" Lo SR 8B 05 R E
? : : : MeMses LOMRERL-OHBR

i0 20 30 40 =< ETha ,

s 457 B % LIRS AR (10

cycle) D& ATRECEEBBIOD S 2 22553, BIL I RYEEIRIEC 210 2 0RE)
HT, pick up OREFEREAIZ8H LT3,

BREZFCHEE ot <3,

WEREE O ETHIM oA £ BEN—HEIO EHO BALRAUTH B, FeRsE5
W FBERE) P OCIRENC B A 2o B H B, B, motor B4 L, 20D CROAD
PRIALHA CRTBER D EEOCHKT) W3 b, RIS 2HT T ¢,



WEDOTGEXADREBESHS L &2 3 b ArEEERE 2 RE & < b, 0T pick up 2
b, —OQEEREPD bbb oscillograph (=X b zhEk mal & Hiks, 2O EDH
B EHOBFRINIE drum (d) O _EOFEEHC X baia o & p3Hisk, X, B oscillograph [
5 DIRFEAREY & 50T 5> b pick up FLD BRI 20 % BRI 2T 5 2 & 58
Hks, Z0fE s~1 Critical damping DJRHIEIZ H 5 2 & Bb 1D,

b) amplifier O§H:

IRFITNSESEE O T g

%, amplifier D IFEE—HHO BILR 1 O
BUL<3RBEHSMIRLE, [P | T e 1=
D) BRI B RC Bl T iy %‘ g ;
FeiRaR AR FElRAR T bl YO ! Cathod vay ascillograph

8cycle >4 4 KC 320 R0 BR
W2 AT 5 2 & 3k s,
ii) cathod ray oscillograph 13~ % BT—75V i, ,
iii) ZEBmc ¢k U7z amplifier element (3351 RIS 8 RIIWCR Lk § O T filter 1% Low
Cut, High cut 1,2 @ 4 EPE o3,

#go8 K

RitR2 .
(' Rzz) \

kg
/E1 Low Cut High Cut.

1000 — \\Q
o R O B T il I J (A I (}
3 04 5678910 20 100 4 304 557 000

#9K Amplifier response



iv) rheostat R, 13V /7 — & (Max 11kQ) T 10 kQ 2@, L R; 1k Y.EW.
(Max. 1.11kQ) T45DEAIE variable & U Uiz,

v) amplifier #4584 (R. C. Oscillator-ampl.-cath. ray oscillograph) &8 Uk
VW4 (R. C. oscillator-cath. ray oscillograph) O41%5i% switch S 12X b 475,

P OB FA) switch S, Ol T IR 2 0h> ¢ & 3RAURKO P r il s, WERR
#OYRIFAS cathod ray oscillograph i2d bbh 389 %, 2O oscillograph ki 6
HN7RIEORE 32 AE UTH {, KL switch S, OIFE TRIES 2 Eh>w, & [ URR
HOEPH s 2L, SEESRREHRDERE amplifier 12 X b 3% S h<# cathod ray os-
c1110graph redbibhs, TOBER, R @;ﬁéﬁlrﬂém- X b oscillograph Rizd ohils
iR BAERLE RS, ZOHE R, R ODAHBIEIZ X b R, +Ry/R, 7> & HHRE By/E,
ﬁiiﬁuﬁzmﬂ%

C OB LT U7t 18l%, HIRICRT, Cheia s, filter OFPEAW L Y
fie QP H LD LTS ED53,

¢) oscillograph OF#pk } ;

ZOHEI, a) pick up O &R UENC, BRE - HIRTEEE - THEEDO =20 84 h5
b5, WEHEE P 10 FICR U,

i RC 3438 cathod ray osci-
llograph X.¢F rheostat % &3,
& amplifier OEREOEO &, X sli-

s sIOITJI
l’ g dax X pick up OEMEZHIBEED
E% gwqng# b LALEOTH B,

st i TWEEBE FZ 2T radio
g 2 trans.
Bl 4P i QuAsrrs 7,

B switch S; OMIE T 5 JHEENC DU TIIEM 2 5 #7250 cathod ray oscillo-
graph OEHEP A £ T 5, &KIZ S, OfrE T slidax 2 100V, A, C. (50 =) # {1 3 4, cathod
ray oscillograph = & &b 3iREZ A2 3 28 Ry, R, 2J8i L, Ry, R, &350 E, 238t
%, DLOBgER G O BB O - CEET, C3F5C 2128 b Vi=10kQ/E, E,=
E,R:/Ri+R; > & BRI 2 05§ 5 L & IR B,

L OB UCIE Ule S50 —BlR 6 TTRICRT. ik s & e Rk o Btk
pick up DA DWCRDTIESD L & P55, S O-TE, BLIBeERMHOLTS
WY Bo

EILE (RS LEICTTL BB I8H) PR, 10cycle BREED & 2 ALRIBOILIRA
Do CRIRHIE S el UVBECH LTS RN 3 20 5, BDERIECRY 5 I00R

Oscitlograph Cork 1ay ostiflograph

Oscillator




i B4 T, oscillograph O ETEBZHEbH L
T 5,
SRR OME 255 521, oscillograph @—2
- O element CHEBEERY BifES € Al lve
o OfEE, critical damping DYREEIZH B Z & b
B 0z
. d) HiAe 5k
DI_b TR b1 OB IE O, pick up—os-
\ cillograph, amplifier—oscillograph Dl &3l
- \ 5E% 4 §70%, pick up—oscillograph OFEHED
n— LN —Pl%, 557 IR Uk, CRISHIC A% pick

= \ Qscillator ier y

y A ::1 B 5 7 Gmpifier | Qscillograph
‘ 1 EHeP

< (e

SR e % 12 M
5 11 ® Sensitivity of current
(Oscillograph) AE
14

np & oscillograph & QL& w#EHEE X —F L Mﬂf]% /8/\\
T3, A3 amplifier—oscillograph DEERE h\
E O R HillO —fiHE 12 K, \
HISEIC R Uk, LOHELRLD HE TR e
LI —~FH LT3,

\
£ \
D EOZEERE KT S € 5D, B g
SEL b T OERIVEINT 2 UTd  EH D B, 1%7/\\\
pick up & oscillograph 2T, BRI - .

BEMOEIhb Db dY, TR, b \
C CTIRERC amplifier CES 20 CHEGRMS o\
B fT07e, 3- N\
Z @ amplifier 1345 8 B RS ERET—FE
BHEHATROLDTD 2, FHEERCUWTHE .
14 MBIR) 23ET) switch 123 ) 2OHEBHELE . ) }
LU 5 B, BRHIEZR A S h el EaEE C il o S Bty o Ve
—FED bel pass ERTZOHBLAETH 3, (Ampf.+Oscillo)

High-cudt

g e E 1
J 4 5678910 4
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C, [E1¢% % B O 518, Wl &
H} ﬂm%&m—ﬁ%%ﬂﬁufﬂ&K

i»‘é’J“C, W 243 radio SH{EHEDE:

I O RS R C , O T
13, #4 condenser C, 13554 L8
#%%Zé%éw&ﬁMLtﬁ%&v#;,@%uu%ﬁﬁmﬁﬁ%&<,gM&cmmd®
MOBERREVPPECHL 2BEECRABETARCIRY, T OREORIEKT 2 OFRE ORI
K%W&ﬁ&m%ké%LMMﬁ BEOBRIIIEA—ETH A 5,

S UHEREE 3o Tllb N 2 R, 1D 50 cycle WD MBS FAENT 34T
A ERPOBERT 2627 2 2 sk, FROME VIS hind 7z 5 (o
LEPECBECGHOBEMT AL A, HITEERMETS3), X bei pass 238 Cy DA

e iR, ZHRRAEBCHT 2 HABED B 'I’mﬁ*{@é@ﬁibﬁlﬁljﬁzmé’@‘%%
Tho,

LG OBERZEIC I DIBATRY 5, MBROBTES L M, HIEE—E S o
B SR AE 14 B OHHC 7 B,

4R FIWI»BENS, L OMIRIOER 8 0% kST kS, a (B ©
#ord pick up W& VBN OB % grid A 2O TH 5, XD b O
SUBERROKAL T2, e YBIRT 3170 TR, C, C & EHu5 filter 1+ 0CEb
Bk EEEEREOZODBME § o LT3, B c OFS TEIEIEXIT S

BERIR (b)) OBWHConTHET 3,

(2ivbes )

B oW

1: RS OEEE e ANWEE o B QMRS
R : FE Eq : SR O R B KB
Rs: ik E: MOWBE-RBANBE | DAL Ml i
C( 5 Beipass ?E_Li:fi i2 % Rzﬂ&%@%ﬁi T E ;eé @Wﬂ[ia&ﬂ:‘m
C: amE T Ak
f@%b@’
{ A --—C; Zz—]/Rz +( onfC, } """"" (1) & T B E,
[e= ue ESRE Z.Z,+R 7, +R121 3
o R.Z/Z: 15 (Z:Z; +RiZ,+R,Z) +RZZ, 2T,
B T e BTk R
— = Py RZ;Zz -
Ba=se~Tr, =re |y ZARZIIRIZ Hi
P #eR,Z, ohm DEHNZ X b
. z2 T B PRI R L IR #eRZ R,

E = i2R2 =

tp (Z4Zy+RiZ+R\Z, ) +RZ,Z,-
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e, WREEZKE T
K= _E _ HZRR, = UR.R,
€ I'n (Z;Zg‘} R]Zg +R1Zl) +RIZ,Zz ZQ(RI +rp) +R‘1rp (1 +_§—2_ g o, (2)
e 1
@ K (O XRALT

= : ZRiR,
,\/ R22+(—2R‘1—C2)2 (Ry+1p) +Rirp [1+~/R22+<2,;C2 )2 v PG )
LB, 2EOIEDOFERI D 2R Y, SEMIROHRI L O ST B,
LO0%A
R,=200kQ
R, =500 »
=960 » (1A4)
n =720 C» )
C, Gz
Ci=0—0.005—0.01 — 0.02 — 0.05 xf
{Q=&M—mﬁ%a&%HOJM

DEZET 5205, &4 OHLE#ITOLT (8) Rt X b HE+ 5 45 15 MOB 7 g2 13

Gz
E'\n
i G {3
== g e
B T b

B! %

=E:
g %' 1A4
¥r=1200K%
TR Ri=200KR
Fz= B8
Cr= 005,001, 002,005, PN
Cz=002,005,01,001
u=120

—m

0 ——F



MBS ELT (@), () OMARIET 52, ROBARTCES, U

rRe R ;g(}{ Q5 Okﬂ) Ewm = — AIRRy
= = , 50 ¥ =

Zy
7

)

ﬁbf_ & l: =, 1 . 'y 1 2
Zl et (UC,, ZZ,_\/RZB’}‘(Q’L—E

&> amplifier 24 & UCOWEFILI NG
/7 R=rgpHt Dige %5, (a), ©) @7%13%}:%%5&?% 16 ¥

iy

{Efin)
7 Wy
/ BISRPRT 558k, C OFuEs:,
T T T T G OBRERRRORE E LTl 5, SR
= U ROMGRBATEN Y, HRREOMMN
Retogs. WA L5, MAERKEZEOTE, K8
h PHEIHULT2 9230 THDOT, EHBEK
X UM P U iR 2 45 2
0/ &, BI5ME, HIEHORTHED Th B, 0
e AR TEZAS O, #0E 3 fud condenser DEEk
REE T, O Y&$3, Zh
S DRI RIS L & Hag
BEPED I —FH LT3,
amplifier THEMIRE © » »it
5545170k 5, graphical 2
= b HskEs, Z hidESEOEME
M (55 17 MBI 2> 5 LR C A
D7eHANE, WIS LB
NBLEZEIHRDLNBDT,

B B & P _
y i e b OAeEITE b amplifier

/ -
/411::} X.Z‘—(EP man Er wrf)

% W B

OEEBIFEPRD L h 3,

oscillograph X FEMHIZ & b8 <
DOTd 2%, amplifier-oscillograph OEBEIRIIXOEICEZ MEZSD S, BID Ep—Ip Hi
(LT RBR) 20 8 452800, BEMBEORTIX 4 PECE Y, BARREOSAIEOT
{ B FEOTEESIR - BIMIEE 2T, RAMOHBRE, ZYBRC:NEH >
» BRCEN 22 PIT0DECTD B, ZNHBEOBNNHEORS» LHUHT & 0z, B
WELUTE, DBCRBELBATIELIRCOTH 3,



13

LR BT
pick up — (#¥%) oscillograph DA
p* - <
Dtepetnt | piHZeptng
tnrsd, LOBRKBONMIEE-BHE~OLROBURVZLINTBDTD S,

PLE BRI IR DTl e 23, ERRC L b ORI T 2B, 2 0EIY &
5 ZHEERII R LI E 0T B, ZhEHR £ A RBEVHERTCADTRER, L0
BMEEO REREHT P, HE LT in itk S IEEC R ERD
T, WIAEHEECH L NN, SUPIEEMC Y Y, BCHBEIOR &Y, 2P
85, RIFLRB,

WIRLR 2 % UARSERIC DL T, BRCHESE - GGIHYD RIS OB 23454
INTLBY, ERMOIERERPEELBREZPRLUTHBOT, IheBECARKEREY
1127,

3 PIRT L HEOMBERIC X VB I h3EHNG, HENORTESVREH TH2YE
i, SERIOMEEC KB B, WS oscillograph i< {fh  MidEAR 1, BIKOME LAY 5.
ZDEPETEO oscillograph & B2 58T, DA EBHTELD oscillograph 12 3t i WignERE
SEBECHAIT 5, #oTHEHRT (pick up), @IFEF (amplifier) %X oscillograph DR
OEEERZPERT 2 & Tab I Ok 3.

DT ZOEOREIZOWTA UL FEEMCRIT %,

pick up: IEEOHFERN,

a0 dé -
T +2%— = +nl= P t2 ; e:W ..............(]) (R

fg=G.P. B.

5 3
HHEE e 12w Tk _Tnz_:::')aze-zwg CHplT 5 Wl B, —

oscillograph: SERIOHER I

Sepmeiin (2)
a9, a, Ao B
@ T g TRy G&"“Ba &mh,
BRI 13 R T = WHHIT B 2B, chDOEESR

v (07— 0®)F et
BRT2EMTHOBIRS, CNPRBEEREI(~HEUTES LG5,
ZOFRIBRDOE: UVCHPTE 3,
MO oscillograph 13 BRRIKAREAC X 3 —2iiE (Hy) EHlEER () 03 coil
¥H ¥ 5 permaloi b0 X BRI (h) PWEAES ¥, Z ORI —RO MTROZEBH:
ProbDTHOT, HEH 20RTAX Y 230d,
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Tab. I  pick up——amplifier—oscillograph O FifERItE

\7“”\“”
a 'C
/ A

0 Oscillograph . T Oscillo-
wronmn Bary” Ommm Qs g grph 2

wkonm THE
(BB =x £+ 3) = Wb
J DL e s e ki§idt -+ Kikx----- Kk § xdt
’ dx
>>1 K1 dX : b B2 6 6 9SS kzl ........ Klkz__dt .. Kan
| T zewant 0 b o8 B d*x
a=bX—g ‘ : kit I<‘k3—cittT L dt
dt2
c=bx [§Edtdt e d_pus
2l o mns ol M F BK kzp (p w‘w(f@m")
€1 v s K1k3p4 rKik;p?
BE v vrmtom o' Kk, §§ xdtdt )
o1l e RO B Kk, §xdt §
G 2zpomuts 7 Kik;x §
DML vl K2k1 dt
d’x
~1 K2 de L =i ]E‘] __]-:_ K2k2_d?:§ p1
Zh cmovmes K.k,p? p?
>1 ........ a K2k1p3
{ AT 2 ntimans [ kB Kk.p!
T iernsmnce 7 Kok,p’ p?
BT waesnun @ Kok, § xdt §§
{ o Ehikiat. F‘]‘] J: B,nggx
g1 oo T'szgid}é X
i 2
[ = T Kok
K1 Ky cést); bl e Mk Kkp? p*
G 12 Ko s K, kp* P
(D1 .oonn. a K.k p*
i &l e JOE B Kkpt
&L iesipmre r Kk, p° p°
S i ensiie a' Kkx §
* i dx
— =) (PN rﬁ] _J: B K3k0 X
d" dx
< rikrge @
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4l e : otnal o o d
retiq~ =G Hey/ HFFR~H, @BHOZYsEfiEEE CH g

d=6 d d dg di
(W‘}ﬂg) o, K*dfzgf‘f‘kag=ClHozﬁ(w"‘0g)"”-df‘f‘+2€g*£t*+nzgﬂgz=G_d—11:_

HeD I
) EAT G LG MR QUL 1% 4

3 :
B~ Y 0mG gidt &7 bR LB A 2
E Lo EHOERE oscillograph 4 Z B SLD oscillograph Q&7 £ T,
ok
L0 40e 8 100=Ci, 4 iminsinpt &+,
pon o e BhE LT O~c § dt § idt, I

e AR LT pen BB O~ fidt
G ( tfl%o
pdn oW b i, .

#Ki- amplifier @ a, b, ¢ 12OV THRIIT B, EEaK OHIFLE O T & Wih mda iR
DA S L, EEEIOIREOM TS —a &, P MERRES—D &, HW
L i IR H A 3 B —C OEDDWBFD DB WG %, Mimatdbibck D
PRESVZR OB, RGTTRELO3EA LS, FHEILLT,

B imart L DS ~D ANBEE Ry - FHHRHE
B st A Tp oo IREA PG
R veree o Vo—

G5 CREARVTCOADIHAREL S, ZORAX NS EHIROMS RN L

215,
dE L e
& ToR, ETAa ey
e rpRl e gl _&L
HU, R.=R:+ ot Ry’ = LR +rpR FRiR, -

t t
S . — S ——
3 THER (1) O—is E=Te “Rapue GRa'p CZR“%%dt-

A, e=sinwt &4 hiX

e _ osin(ot+90°), 0T E=m'_*_i7_#;ﬁnﬁmwm—®
\/ 1+($c2Rn)
LT, AED I . BLU 6=t WwCR, &% 3,
CR. #RKETHIE Eiae LBl veeee (2)

(ix CRa.0 PR ET L
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CRa /&0 de
(Qﬂki CR,» %?/]i*&—g‘n@;f) Ez‘vﬁh?c— EnB, --(8)

LO9#ABE a, b OHRBINAY <435, [HHC Co 254 NIt ¢ ORSMEES & 8+ 25
ks,

S3ADEREHEAZ L UAERIL 403 2M a OWSPHEHT 28612 b ORAD
1 O IR 0 5 0dn A B2, C, OA'S 313508 - MR
RTh, 2% LETAIECH UT e Ewm Ofi=const 2R N3, ZRTHRIOI
o k3, T (Tab. D) c 0T [§idtdt &7 5,

K, FEHEN oscillograph Tt trans #5A

T - "T 2O, —~FEHC 72325 28 USS 18 [iC &
G L3kL, $p8 Ronzmi R(L 0BHaRX e i
| ”i BOT, OBEEOCTORHAL Tab, I
D b A DOHIRE Uk,
AR Ly, € LOERFRDE, RYPHEICADTER
e B oE R s, I 75 5 D BRI O

BRIETOLDIREZTRT E I LEPHBTHH 5, ERLOROBIEC HRER 00
PRI & b el —IE LT Tab I 125R Lz,

Tab, 11
i Proper period [ Sensxtmts Damping
Detector : 10/100 sec. \ See Fig VII [ 2/3~1 Critical
Oscillograph | 10/100 sec. } 0'1"(8'3"?'“/‘“* | Critical
3~5/100 SEC, s*evacccsssnsosnssvnosancnnssn S O e TS S>1 cevercisracens >1
8~9~13/100 sec. (Surface wave' --- <Proper Period =1 (Pfl’OBei Pteriod) =1
of Detector
5~6/1005ec. {Sound Wave) ..........Mh_ Sl 2 =|>1
(Proper Period (Ipcxdent Pe- )
2~3/100 sec. (Watersound wave) --- - \of Current $1 \riod of wave $1

Amplifier Domain

a 200>
20~ 05

B >20=s

(& >50ac

LOREHBE, Tk AXWKTFROHER EWIRA ERBRBHREPE TS, X, LB
OPRF L DOF e LD, KRB PE T2 ERTERLI YA 5, B UERD
WENE DT BAT, BREIEC S ORMBEOERTEMIIEC L ORE T 505 1
R 6l b BEN AL T AREREI L, O A { 0T, #BEDHEDI G DO2EMER LT
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%o T ARR Y CHE PP RT,. ROTHOGE, BuLhOoTe 3L, HHOREOD
WE LD phase #RUTIVET, KR OFSPR T Z2I8DOTBLEPHR3, &L
AR oscillograph %07kt~ A, EEHER MEEE FTwB I EWNRY,
(Tab. 1 218) HEEHE) R VR OFEFPBT L4 R0, 202 Li3dks OFAER Ok
P& DAERSEIL TR0k O $ T 5, BICHEEE 22 L L hIBEDY;
A& DY, MEEDCEHEHY TDHS,

LR 2 DEE DB 5, HRIF - B PHEE T 3B, REOEEFET S,

DL EL O HERREN D C ORI T b o 2’y SEEEME & LU T ik WATHEE) (transcient
‘motion) & AT LEDD B,

KERFC BT 5 SRR O B9 ® 2 RT 42800, KIEEF L I DT B4 T YR
WEEMSECRIFE CHBERERNO O TH B 2B L5, MO IIHRINOIILIE I K2
BRCATA RS2 HE

FLarlhdisplacement
: feeer : = P Vibeation of
PULRTHI S, T> [ .“ j *Jt / galtanomeler
R TR A / \ L - AR
EHRTHB WABT T ] 7 /,Af’ /X/

FrdRIF (o) = e SE Y- i
X IR DT dh B D3 Vibyation of detector — Ez el iolbige B = /,e J -

19 s g, w19 R

t<0 el OFkEN I 61X
pt=0, 27 2T,

O<pt<2 =3/,—2 t 4! 2pt
pt<2r  x=%/,—2cospt+!/;cos 2p X O 2 KR HCEHE & 725 2 LITHE

pt>2n x=0 (1)

Tdh 5B,
- RT OWE I A
z Tu@ﬁk%ﬁﬁ*kﬁ,ﬁbl—ﬁﬁﬁﬁlﬁ*10&@@ 5L, d

Huak DA { 7 % (amplifier %36 3 R CEROR;, h=0.6 FMBK),

FPIRTH & A CAR B 2 (R S QT H 5 03), 5P LEERSIIIUTD
B, HFWEREX QPSS Lt DTdh, oscillograph THiZy LT RET 5, FROE
WhB, BEBILEWI ZERBUVEDAEG T & T, PAEHBEELORBIE Picd, &
A OOPCLPE AT, I MBEAHEL T § S8 (i damping ZF»wTE) —
THEPOER 2E LRI T S,

WHEEED A0S U B e 525, BIERRY L OCRS L, A2 OHEYTO
o ORI o sec BREEL 723,

POBE UCRFRA EE L v, EBINC A TRA L L ORETH 5,

2) SORER: ATEBIC X SMMEEEIOE COR, H164%, HT7E, W1, ) 1-9.
) PSR IREE
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G L LIX—D0ERZRY G5 20 MBI,  NIEECEREDER THROZL D Td 3,
CRERBLIFEC I FIIRE Pt B, 12 STEIS /IS CETEIAK B 0 BILE S 05,
Z i damping & 1ERT) OBERTHRVIHSE 5,

PLETRIROIRE IR il <725 IR D 25/ E0D—, 2Bk LTEH,

1°) pick up OFEHIE oscillograph OFIADMIFFIE--DT, 1B D ORISR LT

- ; = ick up O ="%10
LT - pick up OH } :
1B QA HH I FAZ oscillograph (DIIH =100 ET B E

=0 L 2~ RO 08 b)) PHTRD L LR B, &
2 A5 MRS O Y Rl 42802, < oIt 25 &, high cut, low cut {if
NOHARIZ UTH BEVIEBCK I ADTE ), ROTHEIZI ORIV LA &
5,

2°) SRRSO MHRIRE RV TH A 5 D%

B2 O RO 14 ] (2) DL THATH SO, OEPIRERILS
PES P, ERENOEHEARTRS 2, 87 R>- - O # LT 30T SRk L
BT EDGrO%, DM b AEFH< TR, OO RO,

P33 5 o HEREES S Tab, U L4381 B EHhisn L, 35420 0E L b
Bh3, BRI THRA FHRIE GG, RES 0L, BRI TEHFRE -5 &2k S,

49 ¥ =

PLEDHERC 1°) OMLTili~</e A UT W E R0 Bk % S5k o By
OWHE» & F<iz, Z LTI OB QRN HE%Epms LA, ORENC X V5
b NI R A R UT, W U e b 7 B 0RO Bk BRI S 2 17\ 18 3 BRI
HBIEWEONR,

I HEEEgEc s\ 2B lE

1 B |

MR 3 CBR G OAE L XS EF#E Ukt, kDR T OISR OS5 b4
FILEBELDOTYH, BETRDS 20, AWM+, il 5H8EH0TF TR
EBFEITONETH A 5 e BRI~ HRMPIRA 5 2005 2 ONESE, i
BA B XWEEPFRMOMBERIh T3,

O BT 2B fae O B B T SBRBRPEIBLE ERT 2 LEV b
Do CTHWVIHIBERIC T CICH £ DI I BER OB 2 B0 TR7,
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2) RERHE

2 PHBOIRAE 17 BB L 508 R0, Ku- By - E# K\ - % 2he
LBER I OTEHECHN S 2RNEOSAIMOU, I 31 L b ORBESU A O AT
IREEC I BEROMPE DN T35, EEROBIE S T IS BENIC S Ucinfiz 2RO I
PROTCHBDTHS 5D CNSHEEBRELZR TS RS, HOoTXAROHEL ATOH
REHBEUCHELEL 2D CLE AL S LELSEHNTH 5. ZM I NIERMAOHNE - X
DL o KEEDIREIN - WEOME - AEEC X b 200 Blixd 525 (3 BIFRE),
RAMIDOARITERRE D7 b DT A,

Y PRV | 2
7eBIT D %05 HER/NA
12 30 1 B — D DT B
SEDRES R+ (6F 20 [
2, B 3 FWD
TeD, KEIEEBY
BUT 5, REERE
2~2.60m, FEF131kg
DTRETHSB, O

HERTETROMHC *“JX[\/\”””““MQ***
&R AR, B

DI, HrkBil s Hiika ‘Ajéfa\
PR "'V

RIET, Zhitied
Wh»oEIH/LNBE
WTDHD, BERC—FEN ¢=15~20m) O® RS &, FBIEHHBETL S, MOETE
WJe L ET DB, LORBIBREHOBM TS L 2B/ 28 TH B, LD~
BRGSO, ATREROREIRARWERTD 3,

4 11 TR CTHI7HE £ DEHREER 2, O 5 TEO WM PHSET & b 3 LTS
L UT Rz,

% 20 [

ZOEEPFEIRC A TE S AR TR, ZhREOHT R s TeHI T LD
TODOC hERDLEER—~HINBMDIAET B EDBDD D, & NG B ey
() OBETHB L 2R UTH 3,

ZEEY

COHFEHTOFET b BIH U RFEMOHE DAL » 087800, ke 0508808

8) Wit
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NG DEEI LIRS & & 2WREO T B,

B L, BRI T t=0 S Yy —BIOWRSHECHZ Shs L ODET, t=20 DIET
BRUZEEREDZHEZ 2 0L E#EL LNE: (ZOMEAEEORSFEHACER & 855
LEBATCBEHELILND),

s LT BAOHECRLNS X b, FICHEARERRETHREEPHRET S DL
Bbhs, 2 UCTEREY OEN B8, LR 3 b A Bk &
CEEE L HOoBEPEL L, Y CREOHD M~ etihtis DWPBERDAD S OTHli
FKARTIMEM DN CESDTH A 9,

iz, BREOES BERAY CERITONSEORENIEETS 5, RS BRI

RET 5L, BREOWREIENEE

e B0 Th B, L OB KO LR
8 Gsellography 0% (EEREHLIS BT, B
Sl 5455 21 [ R B
e (;;: : it k3D % oscillograph
i e L M 6 FOBSBELHAL
Cap)ltﬂ LRI R T A D oscillo-
graph (B —% ML, BEIEK
=, P & KSEOAUIEHESEIR Y R 21

TS BRI Ure, SRIIERANIA DM Td B,

HIEAE=20m
BEFEK D b KEDPEEEEF S 5 DRI =100 sec.
D THER S hTu BIREHMEEI 100 sec. FREE OERIC Horshuid & ORI 2 6 7,
RHBEOHSMBTN T L, BESERT 280, TSERL OB TH<
P& LAY LT Td B L&Dk,

3) SiEoREEH

EREOHFE T, BRI OIS IRNIE A FEE S h, 2 RS X O CHIERAIFR ORI 2 HE
EBYBCEPHED, ATHEC LTS CNPHRAUELS 2L OTH 52, ATHECL
U5 EEOFS T B RO R LIRNIL S RE LA DDy ZhEFEUTEERPT
B LeDd, B A3 AR EEbLh T RCEETd 5, B LD SEEC WL
KRNI (STE) 5 LB L OMBRZUT LIS, O—PlE UTHER/FEIC 3 TRk B 25
TalsilUl 5, HREIIhERT,

e, I 2 THIB R ORI mark 2 ARIEZBEN S & 2 h E O EIE T B0 E Lk
B teo—ny to—m WM 20 6 DILZFRM DAL, Tab. I 12 Zh %78 Uk, te—a ta—m
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wr

ae ), Tab SI0

Tp—a Te  Vp/Ve
2.0 4.0  (2.00)
5.6 10.0 1.82
9.0 17.5 1.94

13.0 23.5 1.81
4.0 7.4 1.85
6.0 11.0 1.83
7.4 12.6 1.70
9.0 15.5 1.72

12.7 21.5 1.70

RZATSERIRT AL (AF EPLY
Ok 6 7R, &
LATLDHOMERS
LA TR L, RIR
T DfEE &
o AR | T3, fEoTHICL
R O P - SHEH
5 CHS L LT 5, 4 poisson’s ratio 8=1/, X¥iud, Ok 8=1.782 BT
bhB, SOEATORHLTESE, 6=1.80 /b, ZhRSWHHINTE 3D HEDR
LOWMEDOMISENS DEEL B L PHES,

%, RIROHCDWTRTY, H2OML SWEBATEHARRCETDZ, BRH IO
AP ST EEL RGTIRMOFRET §8%E0 LT 2 0RO B MST 5008 BL bk
Vo %, Sk I O 5 b S BEUC S0 WFIRENT § e LTI C O 2 24
SIHEME LTI T A5, BONTHD TETBHR2RMAESHTHE UL, HLIOEK
NS Fe: Ue S ik sigibisti b iud, IFRCEIL2TH S 55 Mike DML WSS AT
ERMPS BRI N T BHIEbN 3,

TR 25A SIEEPRET 5, 2 DEMHFCO
TeatREs o ek L 5.

Foole, KEEQBFE DI S WIRHEH CThA E—Ha B
NOHEHRZLOTHZ0 0, BHUERAVHHERS i
W, B A EAFRC BRI VIO A BHLA, #0T

TRNBL R USRI & 5 254 B, A USRS ¥ \'"Qi/
St OO - N

BDSHEERTE T &, SRR B B, B 28 A

HTRLNSSOBAENLHEEETHA 5, % 3 K

T b RIS - OB B BEIO 2\ Lo TRAMTE RS 2 5 Td B, K- L - BR% O



[>]
]

HIE D M, BERS ORI HIC 2 T2 { .S 5 Ol 3301235 O T d
65ﬁucnuOVTMi®Wﬁ?%iﬁ%®?uMW55hy4ﬁuﬁ%W@VFV@?E
Wi V= l/%J T B TR T B 2 22505 NTu 5 5, BREDE - SRk Bk
SILOBIRI AT 2O TED B 0ds B, BRI B 0T #290, 40T V-0,
RAIESFE UL N2, L RYC—BSHEORE UREE TS 2—0, 01T
BEHR LB R VRT D 5,

ZHC UTHRINC & i<l MR OBAE OB FE T, K UeiRnIke ¥ 2 2l L
Vo MEOTHIT IR - BIEMSEE ¢ B e SRR R B 518, REH B —BO
IRYPES B,

) BEORR

HTERRGE ORI GG D IS B EA R AR L VT hNBDTH A 545 B
—RKEEATHROAE I LTI B0 RS VLI h 5k 501, Rhikos4s
(FEoCHl s D 433) WL b energy D (% energy W HINERIEA 53) 20
fhOFAEAAREL A b, HERILOWE $ IR SN BRTH 5, 1% energy \H ML 5
A BBEOAHEEI DT, AL PRSI B S bz,

DAL OB A ISR RO

BIBRE LT, RO ? 5 ? 5
S A e e e - T

RERE Ok, SBE
PHUE O Lhk
WTFOBITED 5, [
B R 7 s S 73
BERUTH B, DY
RO TCHR (RHEDBED 2% LET),

BHFOHLEE D=30cm

AR 2 LIRAFR EOHFE O O & OMK r,=20cm, bOMIDHEME r, =30 om

€O+ -r;=560cm, dO----1,=100cm, €O -r;=150cm, fO----r,=200cm

L OBBGIO T T L MRS Z T B R (a), (b) Ths (@ WHELE, b

BC VRGRTHB), CneRSE L FUEIOR S5, MAOREE 450 s #i koTus
BRI HOFRY S 35802, 20 6 DORBOWHOEILI T, h b7
hEREREMEECTOBLL LBDIS, 0T HHO M2 0 55 L 21 SHOe T
v, HORUBEMOIRIKLN L Cd b GAP—IRFEE» SIREP M UCH3 L), M0
LBLTEANDEHE & FRIEH/DS (G, BNBEECRT BOTOBL L4545, Thb
OFd> b LRI 2N LB MIZ e D 5% 5 B, 80D LM U231 %, energy




{a)

{b)

DHFMEREDOBEREEA T3, APRIEHIHEHOBELLBU® T2 00mL, InT
BATh ZOMFEICERD DR T &2 %,

Z O EER RS I BB SRR BT b B O MR & I O REMRE L LA, 3L
- HE%% energy AR PELIAS L L PHEES UT 3, Ry RBRBC 2T 59aR8R
R PES B, 7S SIAMHEPRAT I L YD 5,

5) BRoFmik

CRIEROPED energy OSAMHRMEOINET, 4 LEROOB L THBY, 4 Kb
CIABNEER T 22D L, SERAROEOIRIEC 3 M@ % H 27 md i s,
SR OWE TR TR 21707854, BHRO energy PAFRII— KDDL &
IR H5, IR SRR AR O & 2 ATERCHEEVEES, 400 2hiionT
B, ZO—200B L UTREIHO & 2BR A TR L NP ERkT 2 &L
72o

B AHEC RESE OTEST 22 218, B o8 0% 2T, Mixa B otk
RIS T T DT dH D%k, EBRILOE 3135 10 m (FE § BR» 5l Uk) B
fiike L E3FH0mby, $ERL2~10kg BETH B, 3TIOHRK I HHREORL
() ORBERH 26 (BEE) R,
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1 AL T § BER 2T 075, COBRPBNONMC 2R Zh 1, $2H. &k
BIED bAi~ B FERED LA~ EE<TRE, ELATINLORREPES LIEECEHS
CEBIRD DB L LS. D PO T/ S AR B ORI, %
PRODCHARIFIBRROKRES S, ShEPREI®TO{,

WHOYE R OWESA 2 d0 E UTBECHMC cone 2Rtk 1z Lad, B 50
WORDPEEB TG TH B0 E, COBRENE R AT SO ML EE L & 5597 & B

(4) ®) (6

#0260 Growth of a hole by successive explosons

AT & 2 AERAOM (I 2m) «« NW—SE Fiji A (b2 2RO & 0)
DDBLEWFDI, BOLOHSEDHF b T hiCTFF LT3 2 & 254007, T b 4 D%a,
I E O 1 & R & WA BT LT B, RSSO 3 Ba R 25 W< b, il
BEEOL MY CHCEADEHEL Y X (FIeT w3 2 280 Uks, CREBDOZ 21354
BRI ES 5 HEE D LBV Uie 2 2 933 %, B b BSOS OMHEC TESEE 25 hid,

9) RINEE: BEOREBICHC, (Er®), 048128 (F15. 12)



D
ot

HROEO ZHIZER 2 OFRCFFLTbh 5, L O B% energy WATIERO HREN
AERE TR T 5 HFMC S A NS, DD L L HAOHRT 2RI U< DS energy
DI FMERI O—FFHEII R A 9,
LIATOSE—DFMEC 22505, ZRIEATHEOS» KL, T OHHITHORER
DHIE 2T b [ VB BRBR O T 5 L L gD,
TR 14455 B 1 0O BEHEO MSs
A, W O 2 hde O EARE S h B R
50 248 2T R, —H MO
B W (HEEN) 215 &, HEDLSR]
B2 b EE L —EE IR (2 i iBakD b s
ke, R 7 A & T4T U
T %) S — KW E 2R A2 LT B,
&AM &REREL PIET 5
&, FEHEEO MO — 0 W E & 1T
LT 2 E5F5, LS hRERS ik
AP AR T O TR R,
X 2 O TATCHERS L0 5
LEDQ—DQEMNY E 5B (WERESH
BOEE & K & 2 O%E L3RR
ORI Ravhtb ), DL By s
R ATHIFRIC 20T b RO HAAHEE &
L OHERE T 33 energy DIFRITE: BT H
BLT UL UARCL ERRCEEDNS L, WHEBRO M TH VEHLRBE#R -2 LT
b, HAOHHRLFIM U energy #HAMHH Uiad L & 1E#EA b1 5,

6) BEICHIDIERE

PLEsfite & 23 M LOBAE ORI TH Ok, KIS 2EROBGE, Bhe
BN DR DO 2 BORBRIBR L h 5,

AR EENOILTHOIIRE 2, BILKOESERIIPMYE L TaEFE Uk, R
hBBE COIME 2 L Y KEER LT B2 energy WRB INZENL ABKOBERTH
3, RMURIEAL P HECRE U BER L £+ 50T, LORDIOKROEV P2 TS

10) EREFITRAT: HOEERIETT NS & RIS LIS B8 A 00EE 1245, 1940) 6
FREEAL . AR AR S ARBREBORESN (R 124, 1940} 15
11) MEFREAE (EHORER)



LWIRTHB D LIEERED
FEIHIBEOSE& L RIRS,
R, SHEOFEESLT MY
BLZ S0 & SR
o SUBEEEMEEE b RiRRE
T,

X TEEFE DAL DTk
<5, ¥R -RIFCI O
LEDI e BT B, G—
e W e BIE L (S 10m, 3R 10

N kg) OH FRL, Zhh
o L DYE Pl B HIF
B, i 28 B RO RO
e DIFFNC 3017 5 B 2 e
DM ZEh &~~~
BB Ureliill, —Bbe
DINBEO—FELTH I T
. e 53 OWRDOEFEBHICA
(c) 2.5sec (d) 3.0sec %% (2 OHER 5~60m P
MO —R L 7Bk
P ZET 20, ZRBERT
F53ED), T EFRA EREE
KT QIR (), (b)
sk s GNERL
RN EEIL O T
%) K Zht ik s
; _ 2 (e), (d) DinEREEDHEED
(&) 4sec C® Bsec B LTk D, DK

4 28 B after explosion g S0 D OBR I SE

SPERAEUL, 2 UTHRERH e DI EOMN L B2THLTHRS, 2LTINRLD
KD U CABER 150 mE D QLEHLR D & A5, 1% 2 OFHEE OIKTE P H Y E <
DT B, () (d) & 0TS & OERIARKIED LT B, EPRCEAEI £ (@)
ik (b OWTHRE,

—75, ZARFBIWE (B TR#E- T shock #5210 %, L hid—EFRHT »EoTkr
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FTETHA I L b5 —EKEEIC L 2B TH A 5 LoofMhiBicksrg, $0%
Wik B b, WHFIETRS), Lo OTEEO shock #Z0 C L 45 &, ZRyFHIFEES
2, DAREBREOARILZEE Uiz,

3 TR OF 2P TRS,
BSOSO — Bl 20 & (a) 12,58
HrO— Bl 255 29 & (b) (2R T,

T OSSP RS LPIEIOR B D DA%
B UTEO T3, ZOMEDEDITCS
CEEBREAO B S i<l WU R
T, BHOTCTEARY, 29K (b) 25
3 &, FHOHIIEEIEEOR S WA
T BDIEFFDL, 2 b OHEFIFEED
@%ﬁf~¢%@o%twok;af®%°
NG OBRRPHRVITIONEIBHKLED

® 29 E ()

1 'jy/logsec /
X /,,/C
t /7

oA
W 20 W o100 20 we"

NaFMEeBAL TR 5,

3 FOKEEDSRAIA N UC—ERc R Uk &+ 3 &, WEIOR S OZ(L2M LK, 3B
P EMR T 5 L LR HA D BB b 5, FREHO ik pick up O EO Fh LIEH
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32 OMOBEENEWBOE CHE D, BRI OTEHOHEOEE »EERDbN T 505,
LRIEYOFHTCTER TS L 10 UT, W UERBIHOI 8 DLl ED B b DI DL THERK
DFee TR LOFHEMS P LTH  GRIEOFEM 0.1/100sec), Z U THHI SO GIR
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o OEBHRENF LB OMATIRE) & i LTR U
FIIH D 2. TR N OBTEOBW, i
_ B < 2R AT A DR DLEETIX D B D%
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THh, RO OLTY as DEPERINTE S, RUIODPEBIREL 2 OBRE
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Waves (BEplEif, 8 (1930] pp. 1—11) {ib
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FERL i —— AR DRI DT,

2 OBATIIEE B2 3t Tikok URHAITIG 5 2, RS A% I 4
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= echosounding & # ¥R LT~ %,

3T, COTHIEE RO SEE GRS BHETE U Gl Ui oAt 5 0 &
THsd. RERFEVEBEETRCEGEGREEEACRTD 305 BEOGEOBEFHIC
DAt Angerer & Ladenburg OfflfsZ *? 234 b, FEED%E# H. Robinson W. C.

20) MAURES : MR OO FEFEA), MR, Ptk 260—272
21) HEFN 21 SERECHNEEEASS  WEHOEE OKMSES, TS, AE 23,100 31) &
22) E. v. Angerer, R. Ladenburg: Ann. d. Phys,, 66, £93, 208 (1921, 2)
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Tac:ro*i%%mﬁ)‘m TR EEYR & FIRASHE L b BB L O T, B2 MR R ke
FIREEDP & B EEBEDERYIL L U, KR FH O 1.4~1.5 km/sec. T
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BUS UERCRRE, ITHAY S L )il i, )
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Do Kb HAOEATHL ™ K0, £ZHAETORBLZWOCTL L NI E &2
W, EREBEE TR B EHEBIMA T S P UL, RoCIIESEETH 2,

BRI 35 QLRS- MRS - oscillograph O =R (8412 X oz AV.C. Co-
mpander HFO#EMEL ) PEBEH, I circuits O - WO )>7 drop 1T k BUTE DHE P
MY DD, BT O S MR NERO A TSR R G O T, HHES R T 0T
RAvrEB5, COAMORBICE I Tl 7o A SHREE L HELCID 20 8 —207%
ETH2Y, THITU TR EOCRES BRCRELIRIETr S S ond bl
X5 & AFWOWNE & S 2 5B T2 TH A 5,

IFECHBM BT 2B L L, R ARSI GRAEOA AT 25 B
MIRENCHHEAE B 6, BMEHEICN T 5 energy RO PR B Ui d B
bDEFBALND (38, A UKRSKEFC L b HMMC FOBC o Ea0dh s &
WIEHME® ORGEEFRCM<LNTHBMY T, Bl BIEBERD Stokes = HHy

=% F I~ O KU = RIS PED S RRDED YD & - a=8800 22 O PP S8 m 1=

u

23) H. Robinson, W.C.F. Shepherd: Safety of Mines Research Board, Papers. Nos, 18, 19 (1926)
24) F. Ritter: Beitr. z. Phys. d. fr. Atoms,, 12, 1 (1928)

2°) W. Wolf: Aunn. d. Phys, 69, 329 (1899)

26) A= AT 15)

) EWEE: RREEE CHUGEE, pE)
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B THRIRA 1/e I it oot (Stokes =ML ISR LU IRL ), B OB
JEEOC BT %5 Kirchhoff W14, E. Schrodinger O#f4t (Bl = ha=1l7k2 28, KRN
ABEOREDSH LY bRE CRIK) (PR T <RIENE UTOER), —BThRLARRHNI
' BEPHEOMR (Fermat %4 F = MIUNGE, JHESOME HEASONE=2%
), RO & 3k b OHHE (kBA S Emden 0P, SRR BSHRASMT T2 %20
M5, REOLE I b~
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SR U/E B RO T\ HC T b SR k
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\ -
DR P Lt 2 TS mo: S e
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DEEE, O LIRS T S . o 4 e
g L . e L i
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E
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L EDEB,

FUHRFEE LR & ORI OBFHI T S h 3 EASA W, HEEREEPRMET 52
h i s i,

KIESAW LRI OME T, BRIEA & OISR T » B, WS BAED S L 2235
B (3538 MBI, 1L THY U7 2RI UCHIE# A 7eo T M2 BRI AN CTHIIRE.
DI X 2P OBEREH T E RS R,

I TR RS S ME BT 2 2 &y b, IEERHOMMDS element ORRS
A 2 EWHES, EoTineNeonEE (FE) 5080 o B0 ARG 2 HER ¢
5,0 &S (FIEIOEE & T ORI & b M IRIERRY BT LR TRTHS), O
i Uefle — 2 OfH 25 89 BICAR T,

LOFIRPRCRDDL 2T 5 &, KO3,

1) ke X 2ERr ROV R S h B,
2°) B X D IRIFOWAES RS,

3°) LA AR RIRBORL VPR L NS,

4%) 3°) OBATIMN WP KR L 2T 2%,
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1% W—BEEMNC 0 28 X 205508 energy OA (040,
2°)  ER A O
8% HIERIEDREE T B 4 OWBIELIT I 2O, ,
4°) TjED S HMEEOR DM TRWESBER L, 2 TRIRES KEh 3, %0520 5 h
it %o
PLED, 1°) SHADHEC 2T b BilO M H RIS OMSE THREOWI T 5 2 2 i
EMELNTOEY, 208G ZhIMETSL0LELI N2, 2°) WML b 208
BR % 505§ 5 BT O W@ @ #3352 &L&b%&?%@f@évo%u33m,MAW%
39 M 3T DEE, A 2R - 45 3 SO RE T DK DT O 2 JR A Sl B O
%KE@?%OCﬂﬁ%ﬁ%%wmmﬁﬁﬁmﬁ$ﬁﬁ%EM&?%C&T€W#T@%oX
WigOLEC § I OBEROE LT E L 3WINTDH A 5,
0 TH & DB 3540 T, 53R BEPOINT MU 2 AR LTl ¢ & 242 1 b,
HWFHEE 2420 MBI OEFMBEO A (D2 VBEEDOA) »Lmhs s O3 b B B 4
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BLEVHEZIDTHA 5,

IR 4°) OFMIERMROTT N HOLLIFFOR S AL —F T L ETHBD, ey
TRl DHEW OIIFOFIOS T, 45 1 OPITH 2 OFHSFT st SRIEDAE
%:&m%i%m%MTééot%&%btw%%%ﬁdh?ﬁf@%w,A%mglofé
ETNER RO 2EAC I 2T IIEL LT 3R TH 505, & S aE e
BT IS 5, REETT 2%, HEHOBIHTH 5,

BBWED D B HECOCTEIREOBLT 5 L & BEBOFEC 3 b0k (L wE
ME$ %)

5) AZEAREIC X4 BiEMH

WL ORI 2 CHBIO 272 &3 ML Z O M ta e O HOME WIHZ S ¢35 &
W, kb EEMETH B, A V.C. 313 compander D Eﬁ’j&ﬁ-z_jm L EE DM D B
SVEL IR LR ANE § 5 HOAT, FIRZKILIEB0TH DT, MOWIHEAZR
CTRARE, {0 TEROWE 2245 U S EEC UG D 5 & 0 5 LT, £H0
HEZYRC BB, £ UTEROEE S damp S¥ B2 P ULETH B, L0
BRI ODOHEPHEL LMD, 20— DRTHOBEEC X3 80TH Y, Mdsmols:
KIBb0TH3, ZRLITDTHR<S,

B3O DT :

Hie DU 0 Bl E RBDI, b 2YMTEHRIREI W B, Ld DR TIXHEE»*
o SR D R SUI ENMN &7z b Otk EBER/INBC 510 284 E PHEB LTRSS
&, FEROHEWIRECIREDE . 20 L EWHHRBRPHN UCRLBOR I #F<5 L
WIBRESECEE L RVTRE Y, R BIATHREIO MTiE BB o IE 5 &
o MFEEERIXAE CHIET & %, —2OM R 40 FIRT, ZOMUPHEL TS,

RO S 35 L L/FL, HEROGALBELCLK 0m NEImBEDY v F51d 5
LEDIERFETH S 50 BH— BB THIL 3 N7 ItBRE) (KLBOWAHRT) &, ¥
¥ F70#WAERECDTRK S h, (HUARBH) EEOMmEHgkeHs 0L Bbivs, |
LZOBARIEEELET 5 L LSHTHRINIRY 5D 1, PBOHMOIR TR b
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Résumé

Some Problems of Seismic Exploration
by Masami Hayakawa

Chap. 1. General introduction.

Seismic exploration has been applied practically for the determination of geo-
logic structure by many geophysicists. Usually, we utilize the reflection and refra-
ction waves. In the refraction case, only first arrivals have been usually considered.
A time distance curve can be constructed by observing first arrivals for a variety
of shot detector distances. First arrivals are the fastest travelling waves, therefore
refraction method is concerned with longitudinal waves.

Now, if we can use not only first arrivals, but also wave forms such as
amplitude, period, damping ratio, etc., the utilization of seismic prospecting may
increase evidently. In this meaning, the writer attempts to apply this geophysical
interpretation to seismic prespecting. For this purpose, we must find at first the
characters of our seismographs. Then the writer describes the characters of Haeno
seismograph which has been utilized in the Geological Survey of Japan, and he also
describes the kind of waves which this seismograph draws in Chap. 2.

The writer describes mechanisms of dynamite explosions in Chap. 3. He dis-
cusses wave forms such as amplitude, period, damping, etc, in Chap. 4. by applying
above described results. And, he also discusses subsurface structures calculated from
corresponding wave amplitude, depths of weathering layers by using corresponding
periods.

Next, in Chap. 5. he studies the nature of the reflection waves, and at the
same time, he discusses low velocity layers and the energy of seismic waves,

Finally, somewhat different from the foregoing study, an improved analytical
method and some problems on velocity are described in Chap. 6. And, he also dis-
cusses the detectable possibility of underground small structures by means of seismic
method.

Chap. 2. On the characters of Haeno seismograph.

Ca) Introduction and object.

We have utilized Haeno seismograph as above described. This seismograph
consists of detectors, amplifiers, and oscillographs like other electrical seismographs,
although there is some variation in detail. Then, wave forms pictured on a record
are not the same as incident waves. It is very necessary to explain these relations
between the natures of incident and recorded wave forms in seismic prospectings.

At first, he explains the construction of Haeno seismograph, then some experi-
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ments of each parts of apparatus and also the combination of them. Finally he
investigates thein theories. P

(b)) Construction of Haeno seismograph.

As described above, this seismograph consists of three parts, namely : detectors,
amplifiers and oscillographs.

These aspects are shown in Fig. 1-5. Besides them, shooting machine (electri-
cal blasting machine) and telephones are used. Radio apparatus and hydrophones
are also added to them in the case of seismic prospecting on the sea bottom.

He explains here some details of them in the following paragraph. Detectors,
(pick-up, vibration receiver) — respond to resulting ground motions of elastic wave
propagated through mediums from shot points. We have a series of six detectors.
When catching the resulting ground motinns, there will appear electro-motive forces
simultaneously. The self period of the weight is about 1/10 sec. (critical damping)
in the case of attaching magnetic coil. Foucault currents are applied as a damper.
Voltages produced in a detector are proportional inversely to vibration periods by

external forces.
Amplifier-oscillograph-recorder system.

Magnitudes of earth movements measured in ‘seismic prospecting are extre-
mely small, Detectors together with their associated amplifiers, are usually made
so sensitive that they can show micro impulses. The small electrical impulse from
each detector (or detector group) is transmitted by a cable to an amplifier-filter. We
have six elements amplifiers cased in a box. The details of the electrical system
for the amplifier-filter vary among different apparatus. However, the amplifier is
nearly always an arrangement of vacuum tubes, condensers, transformers, and resis-
tors which are quite similar to the corresponding parts of the audiofrequency ampli-
fier system of an ordinary radio receiver. The component parts from which the
amplifiers are built are nearly all obtained from the radio trade. The maximum
voltage gain of the amplifiers is sufficient to give a slight output from normal ground
unrest or micro impulses. We use vacuum tubes such 1A 4, 1A 4,300r6C6,6C6,
76, etc. The overall amplification of this system (i. e. the ratio of the amplitude of
the response on the record to the amplitude of the ground motion) is in the range
10° to 10°. This amplifier is combined with a filter. This filter system is so made
as to pass the most favorable frequencies for each field condition. The overall fre-
quency characteristics of this system are in the range 20 to 60 cycles per second.
The output of each amplifier is connected ‘with an oscillograph (or galvanometer)
unit. We have six elements oscillographs in a box. The self period of the perma-
nent magnet is about 1/10 sec., and the current sensitivity is about 10 amp.. The
current sensitivity is proportional to the vibration period from the amplifier.

The “camera” is the mechanism for passing the sensitive (photographic paper
or) bromide under the light heams from the oscillograph elements.

Since the travel time of the seismic wave is the fundamental quantity measured



in seismic prospecting, it is necessary to provide a reliable timing mechanisth. The
timing mechanism in our-case is a carefully calibrated, electrically driven tuning
fork which record accurately 1/100 sec. time mark.

( ¢ ) Experiments (detectors, amplifiers, oscillographs, and their combinations).

The writer has made experiments on detectors, amplifiers and oscillographs.
Here, he will explain some details of them as follows:

At first, he makes experiments on detectors. He tests detectors on three pro-
blems. One of them is to obtain normalized frequency responses of detectors. The
second problem is to examine self perriods of detectors and the last one is to exa-
mine damping ratios (decrement).

For the first two, he uses the arrangement for experiment as shown in Fig.
6, and he obtains the results as drawn in Fig. 7. The vibrator is excited by the
movements of excentric motor, And, ahout the last problem, he uses the arrangement
for experiments as shown in Fig. 6, and he finds out that the damping was in cri-
tical condition. Then he makes experiments on amplifiers. In this case, it is
sufficient only to obtain composite filter curves of each amplifiers. For this purpose,
he uses arrangements for experiments as shown in Fig. 8 and he obtains results as
drawn in Fig. 9.

Finally he makes experiments of oscillographs. In this case, as was already
described in the detector’s experiment, there are three problems, — namely: sensiti-
vity, self vibration, and the decrement. For this purpose, in the first two problems,
he uses the arrangement for the experiment as shown in Fig. 10. As for the result
of this problem, he obtains the nermalized frequency responses of each galvanome-
ters as drawn in Fig. 11. For the last problem, he finds out that the damping was
in critical condition.

Now the characters of each part of seismograph have been cleared, then the
writer attempts here to make experiments on the composed parts of seismograph.
He will explain some details of them in the following paragraph.

He makes a composed expefiment on pick-up-oscillograph elements and ampli-
fier-oscillograph elements by using the arrangements as described above in the case
of a detector, and the arrangements as shown in Fig. 12, -you will see a result of
the latter case in Fig. 13. And this result agrees with the combined value of experi-
ments of each element. )

(d) Theories. — (detector, amplifier, oscillograph and their combinations)

As already has been described above, the writer knew the characters of Haeno
seismograph by some fundamental experiments. And yet, in using this seismograph
practically, it is very necessary to study the theories of the instrument strictly for
proving the reliability of these experiments. At first, he inquires into each part of
the apparatus, and then into the combinations of them, as in the case of experi-
ments.

Now the writer explains the results in detail in the following paragraph. Mr.



Haeno, however, already investigated detectors and oscillographs in general, therfore
the writer leaves a brief explanation of these two parts till later 6n, and he des-
cribes only an amplifier.

Amplifier. — A schematic arrangement of an amplifier element is shown in a
diagram. (Fig. 14)

The writer does not explain “A.V.C.” or compander in this paper. As will
be explained in Fig. 14, this arrangement consists of three parts, namely, a, b and c.

In (a), a small electrical impulse from the detector is transmitted by a cable
to the grid of the first tube. Then in (b), the response (voltage) of this small ele-
ctrical impulse is amplified (by the first and second tubes) and at tha same time,
some selected responses are filtrated (according to their necessary ranges) by the
filters c, (high cut) and ¢, (low cut) respectively. Finally, in (c), the amplified vol-
tage response through the second tube is amplified (with current and voltage) by
the third tube (power tube) and this amplified current is transmitted to the oscillo-
graph through the output,

The process in (b) is manifested by the equations from (1) to (3) At
first the amplification of b parts (i. e., the ratio of the amplitude of the response at
the output of a tube to the one at the input of the same tube) is calculated. A
calculated curve of b parts by applying constants of utilized elements is shown in
a diagram. (Fig. 15)

The process in (a) and (c) is also drawn in another diagram. (Fig. 16) Then,
the overall amplification of this amplifier i.e., the ratio of the amplitude of the
response at the output of an amplifier to the input of the same one is calculated.
By comparing these results with those of experiments, you will see that these two
results resemble each other, although there exist fair differences.

Next, the writer explains detectors and oscillographs. The process of detector-
oscillograph system is manifested by the eq. (p. 13), and a calculated curve fiom this
equation by applying the constants of our elements is. shown in a diagram. (Fig. 7)
Comparing the results with those of experiments in this case, you will see that
these two results resemble each other.

Finally, the writer explains the synthesized theory of the detector-amplifier-
oscillograph. The process from detector to oscillograph is shown in a Table. (Tab.
D) (p. 14). Output voltages in the case of a stationary vibration is proportional to
their corresponding frequencies in respect to the detector. As for the oscillograph,
the current sensitivity in the same condition is proportional to the reverse of their
corresponding frequencies. With respect to the characteristics of (a),(b), (c) parts
of the amplifier, (Tab. I) you will see by the equation in p. 15 that they correspond
to the differential, constant, and integral meanings, respectivelly. It is recognized by
considering these effects that the nature of the pictured waves differs from inci-
dent waves. The writer makes a diagram to examine these relations as will be seen
in Tab. II (p. 16). You will find their relations from this table. For example, their



perfect displacements are pictured in the case of sound waves through the seawater,
and displacement-like figtires are pictured of the first kicks of refraction waves.

The description in the foregoing paragraphs is only applicable to the cases
of a continuous vibration, so the writer Will'explain here concerning the case of a
transient motion. The vibrations trasmitted from a dynamite charge are thought
to be a simple shock type wave near the shot. Then he calculates what type of a
wave will be pictured, when a simrple shock type wave reaches the detectors.

The shock type equation is supposed to be as equation (1) (p. 17). The re-
sult from calculations is drawn in a diagram (Fig. 19). An example of practical
records near the shot is shown in Fig. 20. From these two figures, you will see that
the results of calculation resemble to those of experiment.

(e) Summary and conclusion.

In the explanation described above the writer knew the characters of the
apparatus “ Haeno seismograph”. Summarizing the facts, it becomes possible to
discuss wave forms, such as amplitude, period, and damping ratio etc, according to
this acknowledgement. You will see the explanation of these practical applications
in the following two chapters.

Chap. 3. Some problems of explosions of seismic prospecting.

(a) Introduction and object.

Needless to say, it is very important to investigate the shooting mechanism
in seismic prospecting. It is no exaggeration to say that qualities (good or bad) of
records are dependent on a method of explosion, on sensitivities of seismogaphs and
on geological condition in shooting spots together with recording points. Then the
writer studies some fundamental problems of explosion in seismic prospecting.
You will see the results of these investigations in the following paragraph.

(b) Shooting mechanism.

There may be many outstanding pulses on each record — such as direct waves,
reflection waves, sound waves and surface waves, if the record is perfect enough to
utilize. However, these records are only obtained in case of long shot-detector dis-
tance, while records obtained in near shot must be investgated with respect to wave
forms. The writer points out a record (Fig. 20) as an example, a shot-detector’s dis-
tance of which is only about 15 meters. As will be seen from this record, the
wave form appeared at the shot point is a simple shock type kick. It can be said
from this fact that a shooting mechanism is very simple.

(c) Outbreak of transverse wave.

The theory of elasticity shows that a homogenecus isotropic medium can
transmit two types of waves which have different speeds of propagation according
to elastic constants. These are longitudinal (compressional) and transverse -(shear)

waves. In natural earthquakes, both longitudinal and transverse waves are recorded,
and the constitution of the earth is disclosed by means of its calculation of these



propagating waves. On the other hand, only longitudinal waves can ordinarily be

recognizable on its record in seismic prospecting. Sometimes, however transverse

waves are found on records. The writer points out a record (Fig. 22) as an examiple,

a shot-detector distance of which is very short. Much discussions have been done

in order to examine whether the record shows transverse waves or not, i. e.,, about

ratios of amplitudes between initial and second waves (in question), ratios of arriving ;
times between them, etc.°Tab. IIL (p. 21) The writer decided these phases as S

waves from these examinations. In what conditions may S waves appear, then?

After many discussions, he obtains some trustworthy results (necessary conditions)

as follows:

1. The media arround the shot point is very hard.

2. The shot point is not far from the surface.

3. The shape of dynamite is not round (Fig. 23).

(d) Explosion of a cap.

The mechanism of explosion is ordinarily very simple seen from the results
described above. The writer obtains some special type of waves, such as transverse
waves in special conditions. Here he accounts for the mechanism of explosion of

acap. Using such an arrangement of experiment as seen in Fig. 24, he obtains an

important result, which illustrates that shooting mechanism of a cap resembles to
that of natural earthquakes. This phenomenon gives us some hints on the impro-
vement of shooting method.

(e) Distribution of explosive energy at the shot point.,

In (d), the writer has made a artificial experiment, and obtained several in-
teresting results. Now he studies a subject, having found a discontinuous plane
passing through the shot point. Here, you will see some sheets of photographs
which show a process of explosion in the condition described above (Fig. 26). The
space distribution of explosive energy is known from these photographs. There may
be possibilities of concentrating energy on one direction by applying these pheno-
mena to a practical field operation.

(£) Explosion on the seabottom.

The foregoing explosions are adaptable for seismic prospectings on land. Now,
the writer describes the explosion on the seabottom in the following paragraph.
Conditions in this case are very different from the case of land. Here are several
photographs which show the process of explosion on the seabottom (Fig. 28). Fig.
29 illustrates the records of the arrival of a seismic wave. From these data, the
writer studies the mechanism of explosion on the seabottom in detail. Fig. 30
shows a schematic diagram of the results, which is signified as follows. The sound
wave of a shock type transmits through the seawater faster than the shock wave
propagated in the earthcrust; in this case, the media (seawater) show the nature
of a solid like ice. The usual seismic wave propagates in the earthcrust, and a



sound wave etc. arrive later on. Moreover, there are still more problems, such as
so called surface waves etc. in the case of seabottom. At any rate, the mechanism
of explosion on the seabottoms is very different from the case on land.

(g) Summary and Conclusion.

The nature of explosion has been disclosed in this chapter, viz., many pheno-
mena, such as shooting mechanism, process of transverse wave etc,, have been
brought to light. It is very interesting that the wave form appeared at the shot
point is a simple shock type kick. Moreover, the possibility of concentrating energy
on one direction was found by applying several phenomena obtained in this chapter
to practical explosions. Of coure, application of this is not yet realized practically
at present, but it is very desirable to perform these methods in a field operation in
the near future.

Chap. 4. Geophysical interpretation of the records in seismic prospecting.
(by the application of wave form, such as amplitude and period)

(a) Introduction and object.

In this chapter, the writer will discuss and investigate wave forms, viz., ampli-
tude, period, damping, and their applications.

(b) Calculation of the depth of surface layers by applying periods obtained
from the records of seismic observation.

A stationary vibration appears frequently on seismic records, superposing re-
fraction waves fairlly later than the initial kicks. This wave might be excited by
other original waves, which would originate from a proper motion in surface layers.
After inspecting the seismic record, the writer plots the periods as ordinates and he
treats the shot-detector distances as abscisa in order to disclose the relation (Fig.
31.) Thus he tries to examine the relation at each shot point simultaneously. At an
observation point, values of period from a certain shot point agree with the values
of period from other shot points. This fact may show that these stationary waves
are produced from the proper motion in surface layers. Boring data proved that
the depth of surface layers gained by means of calculation shows reliability. But
precaution must be payed in calculating the depth of layers, when substances of
surface layers vary horizontally, because velocity has relation to rigidity.

(¢ ) Application of surface waves. x ¢

Investigations have already been performed as to surface waves in natural
earthquakes, but surface waves have not yet heen applied so much to seismic pro-
specting. The writer treats this problem as below: several records suggestive of
surface waves are found in Fig. 33. After a close inspection, he points out -possi-
bilities that there may appear not only Rayleigh wates, but also Love type waves.

(d) Application of sound waves.

The writer studies the application of sound waves. Fig. 36 shows an examples
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of record of sound waves. And a record in seawater is also shown in the same
figure. The writer describes two applications as to sound waves. One is the appli-
cation to the decision of shot-detector distance, and the other is the application to
there decision of amplitude at initial kicks by comparing it with the decrement
ratio of sound waves according to shot-detector distance. The writer will explain
there only the latter problem without explaining the former case. Until now, only
few applications of amplitude have been done in seismic prospecting, because the
quality of records obtained in seismic prospecting is very different from an inci-
dence wave. Now, the writer makes a decrement diagram of energy in sound waves
and amplitude of sound wave according to the shot-detector distances (Fig. 38). The
total amplification of seismographs in each record can be calculated from this
diagram. Applying this amplification, he calculates the amplitudes of initial kicks in
each record. Some of these records are shown in Fig. 39. These discontinuities of
amplitude seem to correspond to inflection points of time distance curves. And if
you use this method, it would possibly be affirmed that not only velocity difference,
but also other physical properties of subsurface substances can be known by collecting
many data experimentally. Moreover, the writer has succeeded in detecting a fault
by this method.

(e) Summary and conclusion.

In this chapter the writer studies and discusses the wave form by applying
the characters of seismograph and the nature of explosion which are obtained in
the preceding chapters. A method has been established which calculates depth of
surface layer.by utilizing periods in seismic records and which decides the amplitude
of initial kick by studying the decrement ratio of sound wave. He also studies
conditions to disclose each phase on seismic records. It is desirable to extend these
methods to seismic prospecting operations in the near future.

Chap. 5. On reflecting waves.

(a) Introduction and object.

As described in the preceding chapter, the damping factor is a necessary con-
dition of obtaining good records, but practically it is very difficult to decrease each
wave phase quickly, without using the method such as A.V.C. or Componder. On
the other hand, geology is also an impontant factor, then the writer studies here the
nature of reflection waves in this chapter, and at the same time he also studies the
low velocity layer and the energy of seismic wave.

(b) On the reflection wave. (Theory)

In an unbounded isotropic homogeneous medium, energy radiates uniformly
in all directions from the source. When a longitudinal wave is incident upon a
boundary seperating media of different elastic constants or density, the energy of
this wave is generally distributed among four new waves, a longitudinal and a trans-
verse wave in each of media. The writer calculates only the case of longitudinal



incident wave. He studies some cases, that is between elastic and elastic media (a)
e air and elastic media (b)
W sea water and elastic media (c¢)

(¢) Results of calculation.

The results of calculation are shown in Fig. 45, 46 & 47,

(d) On reflection wave. (Interpretations). :

Summarizing the results of the foregoing study, the writer collects their points,
and tries their interpretation as follows:

1. The amplitude of reflection wave increases according to the increase of
the velocity ratio between the upper and lower layers.

2. There exists minimum amplitude of reflection wave for specific incident
angle. 2
3. An amplitude decreases with respect to the vertical displacements in the
case of elastic and air media or water and elastic media, according as the shot-de-
tector distance elongates. On the contrary, an amplitude increases according as the
shot-detector distance elongates, with respect to the horizontal displacement, but
when the shot-detector distance becomes far, its amplitude decreases. The phase
of the amplitude changes owing to the velocity ratio of the two media.

4, The amplitude appears greater in case of waterbottom than in case of land.

5. When a longitudinal wave is incident upon a boundary from hard to soft
media, the phase of a reflection wave varies 180° as compared with a incident wave.
On the contrary, in case of being incident from soft to hard media, the phase of a
reflection wave does not vary. (Fig. 48) The writer studies a practical example
later on.

(e) On the low velocity layers and the energy of seismic waves. Here the
writer investigates the case, when there is a quick velocity layer near the earth
surface. An example is shown in Fig. 49 & 50 from which the writer has found
the fact that the greater part of seismic energy concentrates along the shortest time
path. (Fig. 51)

(f) Summary and conclusion.

The writer discusses and studies several phenomena concerning reflecting
waves. Many factors should be considered in order to obtain reflecting records of
the best quality. On the last part of this chapter, the writer has studied the low
velocity layers.

Chap. 6. Some problems on analytical method, velocity and detectable
posibility of underground small structures.

(a) Introduction and object.
In this chapter, the writer investigates some problems about the analytical
method, somewhat different from foregoing studies. That is to say, he studies the
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improved fan method in the first half part of this chapter, and he stud1es problems
of velocity, etc., in the rest part of this chapter.

(b) On the contour method.

The writer meets many such difficuities, that wave velocity varies according
to directions or even thata path of seismic wave does not fall on a plane, etc., in
anaiysing the time distance curve. To avoid these troubles, he thought of an im-
proved analytical method, which is the development of fan shooting. Now the sche-
matic diagram of this method is shown in Fig. 52 & 53. He names this method
“contour method”., Subsurface constructions can be easily brought to light to
calculation, if these sheéts of contour arriving cards are superposed. This contour
method has many excellent points as follow:

1. The velocity layers of subsurface are shown by a contour map.

2. It is not hecessary that the path of seismic transmitting waves i8 in a

vertical plane.

3. There are no troubles in the case of velocity which varies according to

direcrions.

4, It is not necessary to put detecors location on one line.

5. It is very easy to analysé a time distance curve.

(c) The variation of wave velocity according to directions.

It is possible to presume that wave velocity varies according to directions.
An example is shown in Fig. 57; there are 102 variations between E-W and SSW-
NNE. In this case christalline schist is the constructing material. The 102 varia-
tions is thought to be produced from the constructing material. It is desirable to
study also other examples.

(d) Detectable possibility of underground structure.

It is generally said that small structures can not be detected by means of
seismic prospecting. In spite of this scientific commonsense, the writer has met a
few examples, in which he could calculate thin layers of two or three meters thick
by comparing the analytical results of time distance curves with boring data. Dr.
Sassa has also succeeded in detecting thin coal layers by means of ‘analyzing time
distance curves. Moreover, there are another datum to prove this phenomenon.
The writer wishes to develop this method and apply this phenomenon to practical
field work after precise experiments.

(e) Summary and conclusion.

In this chapter, the writer studies some problems by analytical method, and
has succeeded in accomplishing the contour. method. In the last part of this chapter,
he discusses the detectable possibility of small structure. It is highly desirable to
study such problems.

Chap. 7. Summary and conclusion.

The writer has discussed and investigated' records obtained in seismic prospec-
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tings as described in preceding chapters, and he has been able to develop the inter-
pretation obtained from a seismic record further than before. It is highly desirable
to investigate still more velocity problems in question or explosion phenomena, etc.
In conclusion, the writef wishes to express his sincere thanks to Dr. T. Fuchida and
Dr. K. Tida for their advices and encouragents in the course of this study. He also
extends his hearty'thanks to the members of the Geophysical Department of the
Geological Survey of Japan.
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The Geological Survey of Japan has published in the past several

kinds of reports such as the Memoirs, the Bulletin, and the Reports

of the Geological Survey.

Hereafter all reports will be published exclusively in the Reports
of the Geological Survey of Japan. The currently published Report
will be consecutive with the numbers of the Report of the Imperial
Geological Survey of Japan hitherto published. As a general rule
each issue of the Report will have one number, and for conveni-

ence’s sake, the following classification according to the field of

interest will be indicated on each Report.

A. Geology & allied

sciences

B. Applied geology

C. Miscellaneous

D. Annual Report of Progress

h

i S SR = s =l

Geology.

Petrology and Mineralogy.
Palaeontology.

Volcanology and Hotspring.
Geophysics.

Geochemistry.

Ore deposits.

Coal.

Petroleum and Natural Gas.
Underground water.
Agricultaral geology.
Engineering geology.
Physical prospecting.
Chemical prospecting & Boring.

Note: Besides the regularly printed Reports, the Geological

Survey is newly going to circulate ‘‘Bulletin of the

Geological Survey of Japan.” which will be published

monthly commencing in July 1950




AP OREUEORE B Ic IR ESR. WEREHE S SO
Fe ST T RCHT T A RSB sz L2 L, £
OB OHEREPHE LB CHT A e T3, £ LTHE
BT FHE LR ERIE L, 2oSBoBEOBRXOmL 7
AITRY ML AMERIIT 5 L1zt 5,

A HWEEUZ oRHHE
KI5 LD

B MERHEIETS b0

C > oflh
D il

a,
b.
e

d.

A

. g

Wi

KUJ. ER
StERE

HhER(EER

g K

H O

Filh. RERFHR
HFK

B, SoRkHE
R, {LEARRGER, UG

BT 5 AN B ORI IR A L CHA Lic b OICHIT
HUERAPIERA S DA S BN IEN A e LTE 1 X b HIF

T %0



BB 26 4 3 B 10 A ERI
BB 26 42 3 B 15 B #&47

o T % B
HERIE W5 % M 2 5

FREE m ¥ R

EDRIRR  — > 4GED Rk it
BORERS YR EAHS 3 2 800




B 1. 1.

REPORT No. 137
GEOLOGICAL SURVEY OF JAPAN

Tomofusa Mitsuchi, Director

SOME PROBLEMS OF SEISMIC
EXPLORATION |

BY

MASAMI HAYAKAWA

GEOLOGICAL SURVEY OF JAPAN

Hisamoto-cho, Kawasaki-shi, Japan

|




