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BEIEIC 317 5 BRI = SIS OB

WY & T M —

1=
E %

1) KEEOBRIC LY, MRCRET BRI AL AR 740 2 ~MBEOASE L,
b el L oM LB 25 &, SRS X CBERER, LHe ko
HWHEEE &b, LhThloo Rekd filter Mik: Bt sz tacas, L
b, BOFOR EANCEHEINS L EZL LR D0C, LoELEREIhFLD
filter fpfEOPOPCEII N3, € N TR, BrBBREL SILEROMHINH L
HbEPILice X LTHBELHMALESS, 050 RHMHCHbh 2184 L i L
T, BLYHRAD D LWL LE, ¥, COBAREATOEOHicy
LCid, #HaEk: L CEiRBRoEME, BRILOEN L O, MANKT 5o &3
HIh 3,

2) HERE (FILAR) oMM kY, signel LLCORLERE® L 5 KBS
BRI, T OME, RIE, EREAMSC 0 B0 BeEWERTH B SR
Klo) #Hsc ek, B ER SMEN oXEE2ElT2 0 2 0Wienre &
=27 Liftg

3 brETEHvbhTend RGO BT, FEROSILE O Mk
Klo) #3581, xolficonTtoliteiiv, o kodmErBHbrcd s
b, HUHECE 72T o 2R LK.,

4) WET o HOB oML K(o) #52 fco 0288 (RI) © % Bk sl
5L, Parr, Savit bORBL T3 HkOF L O-B LY L,

5) FRELY mixing LHAEw k&, Lo ESEETR Klu) @isesies
NHCEHARL, FHCEERE L EHEMERMERESESC LY, BAMRCERAY 2
0T mixing $2C 2 RFE LT, ZoBgofEeonchikl, ©oFEoflsh
EHLR LR,

6) #HEv, B2CEBENORNTE L oMEREoTRICHE L T, BRES
CEEABEROEITE, LELEECH B CELET SO, CoBOREEIEY®
X, B BEBIRD B wWETR SO BT o dE o BEE R R L,

7)  AMIHEW (random noise) DIETEKFGICEM bR B 2, © O E B
BELBHLBBL NI 2l, BEossc L 2HLbic L, £, BE
Wi (wave noise) KX LC@, SHEMOMECL Y, MY nEloBREs L s
LR ERCeLEOS 5T &, 3 bRFEHBEI BT 5B D, Jflck
V EREOEE 2 HEM U,



L F

L1 ixChic RE S 2T

FCARE OB DI 350 T, % DRt 2 BT 75 B Lab B Taie, BRI (multiple
geophones setting) & %\ 13, %FLHSE (pattern shooting), Z 7 lIFiEEOBRMT A BIE
CHGBRT WA, haETE, —RCHE, 55\ IIHER OSSR o, SEANECR
T, AR & (EORRR RS 2 B SHTU B, SOk, FARCHESR
37 BT L, ST 2 O BRI L, AN OBHY BT B L 5B 7o
HHLTX O Ch DA, B s LA, APRSRARIET 57000, FbH
FIHEDO 22T B,

FABEORIBEZRIFCT 52 2, Wi £ Tk I (noise) T 2 HFWTH B
H1% (signal of reflection) DA KE{TA2EThDH, VWhdpd SN ke RELTA
T ThDo HREELLIMEROWEY SN WA LS RHDO THETHH L2
VT, L2 KRB X5, SACDETREDAL IOTHES R, BRIN TS,
o, ChbOFENER EIFRCAENRHRTH S Z LILoW L, FERIN T 8L D
SRR ¥ 02 Thn <, EECHBREECHEEL Th AL DFEL N (DT B
BThEo T AT, FCARB CREER L SHMFREC OV TR 02, BTFCH~5H
FEEHALHCT B LD, ChbOFEN L VAT, XD FETE 5T
O EIREC e b LB I b Th b,

N CHBICT BAIIRDHEY Thbo

(1) FERS X OSFUEEO ek BRABEREDILMCT o 2 B8 T F),

(2) BEES L OSBRI~ MOREGE K (o) & LTERRSRD 5, COmOME
RO TR signal 220 L5 RETRESET 5 THA 5 4 (B8 T ).

(8) HEBECS AW BRT BRI, 55V STIREOREIE K@ IZE0 L5
Tebie X LT, & ORERA LH L 27 2Rk B b b (8 IV E) o

(4) BEEWE XS BT, VWhdd “Fa’ B0k ¥, X0k 5 ik
BB DR B, I, BE LUOHMEEEE L 0L, s STAEEE b
L EBEVE),

(5) Mixing :iifrt 2 ¥, YRR E 5 50 (5 VI 3o

(6) B\, H2WIRAEROHEEOREC &> COEETNEHHIL /s G VI
Ho

(7) WFBEBSBRES IO I oT oL S EMESh e, (B8 VIL H),

AERAE T Db b, IR B o IS, o B DE0E, A
FERTE TV B IS S AT A RE Ch %o Inls, BTN OBLE
S SANINES - IR, BB KK, OdUBED RS B O SR CHEA R
Wico & SIEARUCK LIIEYETARETH 5.

RFTYRRERD A2 5o 4 < OBINE BT 7o, FREGR « ol « ok - I RIR OGS
FBCRE - EOERC ST, #EPI A - HARET RIS L oRRe 0T, 2k
FINEE A « HERE=E - iR, ikl 2 EEA T o



L2 FE4koHmil

L2, 1 B%LEBE06E

KEAHPCIBER S L &, N AOBOMEBE AFEE LT, S RAPHICEHE LTS
EVSHEZHL, S BB TWS, UL, FOBE LTR4EL bh Tl
ToL 5 ThbHe fok 2b¥, Klipsch'®3, KIEC FoTHET 5 impulse (1 ' damped wave
train”’ ThHHH LTV %, 1940 F2003E, Ricker (32 OHLEEIE O B (seismic pulse) 1=
DUVTIREL, wavelet &R0 TR Ui, IO X 5, % wavelet #¥itho s 5 —
BRSNS B i C ORI O FRRS RGO TH B M, FOWPIHIE LRt
L5kt Thb,

{a) b} &)

at shot point in the vicinity of at great distance
shot point

5 1 X

HrbCOXIEDOHFEC B LTIk, WEHMEY (shock wave) 2T 4L B2 bnTW2
By THhEHLIR @) O L5 h-HMOREERE §(0) TEbTC Lo UL, F14<
DOFFND B A Livigy s, B, HEEAC R T, M OME-CREE Yic kb, %
CHHOBE DY, £ EMibDOTLREEL5 ThB,

WE, ZIN® (@) r ) &R CRCEE, @) % fiter DATIEE, (© wHIE
WLELDZENTE LS, COWE, TOWRL (@ OWHHIAE RIKLCIF< B Th
Ehisb 0T, Ui Th0@iid 100 filter DRLEZ B LILE Lohz i Thh
o TREH2RO L 5 WHEHTH L LATE D, VW, wavelet % R({l), 6() DARZ
W olw) YT5k, 0l@=1 Thainb

JL_» Yooy | _/‘\//\M
4

Ralt)
& 2 8]
-
RO =—\0 Yi(w) eodo
-
= Vi) eotaw (-1)

Lithe Thibb, Yolo) Z—Ec Bt BT et <45 b, wavelet R () (3
filter Yo(w) DOEEIGE (impulse response) ITIEHie Hicl,
HRBG ChNbILAE 5% < DI, wavelet © & 5 7BliZc L O Chcim i1 X 49
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reflector
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(@) 185 & wavelet (b) B LEEOW LT
(a) Explosion and wavelet
(b) Explosion, many kinds of waves and receiving

DT By R, ROLICHRT A LNTE D Thbh, BREHLEFERET 3
WirEE 3N @) © X 51 wavelet Thoh, ZRAE~ OHUE OERE (VRO NE 0L
EEWTEIRL, HAVIEEHEL 2 LG, ¥REOW ok 218 ST, ) wioTcES
LTBHNEPREREL, EEbhbhyiilds X 5 mElRErEs40rEL bhb, o0
ZEIE, 20 wavelet DGO Ya(w) 2vh, X LIEEMEOIEGEO PRI Yie) 2
RLTELDZ ENTEI 5, COBRREARICRL TS S,

’ 5 Y (e - ,,__/‘/\/\/\/\,»«_/\/\N\/——-«

shot pulse record

WA EIRovR, L, B X URSOEROESR
Schematic relation between shot-pulse, ground, instrument and record

DK, Yie) X200 L REAT VD, LU, BEEE S LIRS O M O 1 » i
B ThD, CHREINCER DR 200 filter ORIAEET AL LMTE L, Thebb
Yiw)=E(w) » I{w) (1-2)
C AT E(o) IR P LSRG S OM ORI BRI 55T filter Bk, T(w)
AR filter D ChH S,

1.2 2 Rebg&ihEgR

ERRD &S B H LT, REEoBH L5 2 2k, BANOED &5 Aol
BB S—oL-P (83N oRMEAE>TE i wavelet ZHHHT 2 2 L @i bigyvys &
O, HHTRE wavelet % SEHE GEAND & U, FRUS OIS T L E ATV S,
LhvoT, & ST L 5 DREEHIER LTw 3 O ChoT, SR GANEHR (infor-
mation) # & F 70\ T L ETEERT B I Clllo\ e, fok 24, EBINY (B3, 28, 3Ein )
PEELERE b oA LEEMOZ L ChY, Ao, LTS3
HEMAE LN 2 L A RIEMBILT W5,

—RZ L BTV E L ThH Y, HAERRETAEMEL, $4¥0 X5 % 1o
FOEED B D wavelet w35 = &cidie S, BURS D HEND, VWA “line-

él) FHNBERORL»OMERE, B AGC. BEBESBCLRTHEY, HCZORERYEAE, BB Er 50
LRFTCEREY, ISTRERORD AGC 2EBLIC,
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# 5K Line-up & TH#iDRIE

Line-up and vibration of ground

up” LWIESSLBRBA LTS, 20D LRROD L EERT S, b1, FRSOEES
EHLOIERIE 2T 235 &, line up ORBIEZNCIE, #5 KT KA X5, LR
BT LR RORGIRIIEZ T A L AL LD, CORBIORE 4y 0REE, £
HiD T OO F i SERF LT < 5 wavelet OuEFHIN < BRT 5. %, wavelet ©
L KR 0 2L, FOEOEEY A L35k, HIFRTO RBTO IEHRL dyp=4Alsing €3£
bENA, T, line up &I FHLOESEDH A G wavelet 73ES & b &FHIHEE
ThYH, 0k 5 wavelet Zhitbh UL L FEL V5,

KEOIFEC ko T 5 LMOIRE Y, AN E6RNOA, B O L5 2 DA T
Bz ek, MaOMELHEET 2O ERTHS S . ATMEEAMIENT, bbbobbe
MM TELSDThH B, LT VH ARFHNLHEIEOGREELTL XL, S
LR X IT, FOBET, ST CREE resonance WETIEBI X Hx Ch LV, T OFONE
BT 5 T 13, BRCKEO 15 &, Sh bl s\ O NEEC R S - 2k
ST LML T B,

ZhixdLC, BRI S0, FHIOWREN, HAERAY 2T, bAHMT Gk LTS
FER D BUEFC DD TC) Wi o CEITT 5 b0 Thb, FEHL, ZOMOWONENL
OB HRBR, B FHFE LIRS L &, ZoBoICE TR, Tibh,
AFIOWL R, BIOY: —HIREch ), —HEME TR, BIEODRIY
random noise, HFEOYEEIF S regular noise F7-i% wave noise LFERZ E L5,

A B
#EE KEOWRKI>TCET 2410 2 50HOIEH)

Two types of vibration of ground generated by an explosive



%7 8 Random WIFEE O 1, 2R
1m, HrFo9EE (1938) kv

A sample record of random noise at Ryligasaki test field
Spacing of each geophone = 1m

KEEDOIFEC Lo 5 RO EHTIE, FERCIZAT, BEIOWHO X4 2Ol 45 4,
T\ B Linl, EOHR, PR BRI LCokhdil, HRoSMc L b, 29 b A
EFLRIDTHB L PMBR TS (o k 2134 T'Y, Jones & Morrison®)

L 2 3 FEibREoky

Wit o Tn2oin B SR BN T 20 S IR S BV BT 2 58T, BRI 2 h 28
SR filter 22 HETH B, SHBEITICIL 1S4 120 time serdes & 17,
TORMCRHC BT 2RO A7 b A LB O A2 L 2 OERFIET 5 4 0
bho &< OB, SN HARKICK S L 5 & filter 2HGBI TV %, © ORI
TR (information theory) DFERM\, FOEMAIIGENS ED LI T 5, ML D
&5, BRI filter i\, BERTHYEEERISIC ko T signal OB RIS DL
T BRREED 5 SRR G A MINEER A EA L T A ARSEND B Fo Lk 21T,
ATIOPR LCrE, MR AW~ L&, SHEOMIE A ORI T kX
T, BEEMREEO ML random energy L#2 B LVCE X5, Shck LCBEOE
oW, FRBOMADOENT, % “move out filter kAT EN B, = O,
RIEFHEL <5 X 51, #S2REO move out time (HHE) 4 ICHEI X L5 —FE 0 filter
BRI T D, SO L RSIEMRE OV AR T L2 B,

RO X TH7ewiciy, COBRMILTRA DOHEIRFRIN T D, 1ok 1138
MR & LTk ALG.C. suppression, compression 753, HRESCIIEEEDTEE, &, #iH
FEVREE, WHEX O BRI Chb, i Wiy F HED EIMER RT3, SRS G
spread D & D75, BEIRIROLE, WTHEOMNRT: 84« 0E I T3,

L3 “h ¥ Tolfa

FEBE & S HBERC BT ST O BB RIE S - & 2l . H. G, Taylor 7%
COFTER DT W L DD 198LEED 2 2Tl b, ZOFIL T RIMCDWT 2 DDE
R CHREE I L T 8D, i, ZHucBIT 2 PR E LT 1985 451 Born
75 DR Klipsch 733838 1T 5%, Klipsch 1% random FIOPHEIC DL TREAY
A b SN HEWFEL Tob, $iadbbh, RO HIIAN—ETEO R T T 3 &
Z(EOHERIF L &), MFOFRRO oYY 7 3

=y LR

#2) Savit, C. H. et al 25! =k 5,




=0.8861/ M (1-3)

THEZBRD, b L, EHEIEHRGCRIMETET b s b, REEORIRT M F
Ttk LIeniot, SRNIMorEx0 SN R x, SHEAMFD & %0 SN [k Ry
LD G i

G=RulR= 113y (1-4
LEHER 2, CoEp D SN HOM OGS v M CHHATSE Liibad, Licso
T, R OREROEC SN A 10 I F LSR5 mini), BEiricoX 100 Mo SR
Bde, 6015 L, 600 OB A G IER Bt LD LA, R4l 1t
DOFLDIEH ANV MIETR Bt & L ik GBI 2 /s ¥ D noise 736 5P 4700 1
~2ft DHDIEHMAR T ), BRI EMEC RSO LT b, FLCEL, B
WS L&, FRUTMO spread pFERITFIO spread J H LEHHITH B & X AT
W3 2 X R ERRER

Klipsch @ random FTDIFHYEC KT % BLacxf L, 1937 445 38 4E12 11T McDer-
mott'®, Mott-Smith'®, Johnson”7c ¥k, FH LI BRIOIFFIFOFEREIC X 5 Mo ow
THATN D, LT, 2 ORMUIEERRE A0 FHEn ho BRTLh 5, okt
¥, Mott-Smith IZEFOFFASIDWIFRECL Y, Lol kicky, ook
MO DO LEE %Y, WH BIES ground wave IR/ NOMIC B LT b, F L0,
vk = OB, LR HEOEMNO /PR VI CRESE TGS S N TR B, b i
¥ California o J 5 IC2fEFL Pulll, WiEREEOFCRRER R Bohicund Ui
W EAREEL B,

Johnson 13 R TEEOIEMEDIIEIC D\ T TW B, & ORI TSN 1 386
W7 v FroMHRCELFCH 5. BB T ENERAO sine L 45 &, GRS i
s A=sin( o Non Doin o))y 505, ¢ < Bl RUROTRED cover $HIEE

X B, N ERGOME, ¢ 30 ray ORTE E O @A 0 DR Thi,
Z OIFRAEO MBI HIC Hales & Edward? 767 SUH LT CRD, &7 450 T0 3,

BLED 305 feiip B % & OFRREE & RO Hk A, 1954450 Oil and Gas Journal
CETLGEITE LA T WA LI BRI RS, 2D BiL, BRI RS
Wi B 70 DEFECH L FIREO/PMUE L, SHEFL IR T 5 O EN, chbo
FELR W HEINR b O Liclos LB IS, AR EOBE s & A RAhE A
ik, FEO B0 e F ol h by —o0 HBH L E puE, BEh D52 ETh
%is

EFi® Journal OFEESC, Parr & Mayne'®, Lombardi, 4 9 A® Hales & Edward®
¥ LU Muir & Hales'” D TR —REOWE A © filter ThHD L\ 5 2 A
R I o fe IR B B o

1956 RIC i &M Smith OREUIFCEETRELDTCHS L B2 515, L Gene-
ralized Harmonic Analysis (Wiener) R L€, BXH filter L HRT L OBEBEZ KD T
bo Thibb, FTORGHEL HHT O wave number response &, filter ® frequency
response & O L TEbT o eNTCELE L THD, = DPEFIERE LESH filter »
HEFD 200 filter Bx A LT3 L EEHRLTWS, 2D X 51, HEEEoNRTH
HUE R #WMILCED, AFf KRB WT random noise, wave noise, signal @ power

G A:s”m<7\ér~1—n f sinéﬂ)/Sin< Nl—l ﬂég sin w)um»a»:ms@mu



spectrum 3RS TIHIME LC\V 5 & 2128k L A5 Th L,  OFEN L BRI BT 5
FIRMOEECET AHREL L0052, CoBEBELTRBIE ¥ 5o e Licly

ST ORCEPES, 2 oORHE LA BT AR R Sk, FD 10
IT Savit et al’® ¢, Ziuk Parr'® 50 %0 LA UHEIO S 0T, TR TS ED, X
DICRIFCHERO filter #1555 L3540 CH %, Parr LOMEYRTLESHO@®Y ©
Hho TOXTSIFRED cover THREE (RECHESTIILELTWE), 4 XEENFD
PWETH D, KENT Parr OFED filter $tkTHh b, HEUT Savit LD TH B,

4D 213 White?® D 4 D C, JHIIFEIEE, 525 WL A ERED move out filter Th B
T LB, BRI REIHOTE < DRI T AHEBISELRT TW 3,

%
40 -

20 4

10 1

#8 [0 Savit et al (55ff) & Parr-Mayne
(fif) o filter © i

Comparison between the Savit et al. filter (solid line)
and Parr-Mayne filter (dashed line)

II. 28 Fm 0y & %52

IL 1 #5EE v £4LET oSk

L 2 OBTEWT, S LM Yie) 2EEE0 -2 R R0l 3 filter
FREFLTZ L HBA, £UT, Y =E@) « 1) L8 20058 LR,
— R & L RS RER O IR AR T A Z L Th AL (Z O, Higor:

HEMBE LCHL), WORDHMC LY, HIRKRT L ) CFEL HHEh L &5
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explosion record

muitiple geophone setting
# 10 #HRECEHOoOEER
Schematic diagram of explosion, ground, instrument, operation
of multiple geophone setting and record

1 F/EHOLMEFE ¥ coLUoiREIL, HBI0RC KA X 5 Miis
b, FNFhoEEOERL 4 Thb, tREER L CERBRCANRS D THEND, 4K

HEWHRT S move out filter OREMEEEY K () THibeF, FHEREER GRS
Yiw) ik

I ThH, Lo,

Y(w)=E{w) « Ki{0) + I{w)
T ENTES, HBIORUL, chboBEEOMERITH B,
SHBFEC OV, BeRABRZ LB LBRE, Tihbb, HILRXO L5 1,238, -
- NHOSRRBFEFL 2 (ED, ERESELT2 L3, ol s —E0ricdL T,

-1

% 11 B4

TR OB A L FRBCEEROER A 5, Lies o, C0lEaREy g 12 Ko L5
Ltk T, 4 P OEHBRTRES A ADGIREIEN Btk & AT, 204
Bk 1 oORERE K (o) L5555

Y(w) =K; (@) « E{w) = [ ()

(2-2)
s
-+ €«
J UL L e | - W | = A pnme—
1 g N
pattern shooting record

#1280 ZHLBBEOEROEER
Schematic diagram of pattern shooting, ground, instrument
and record
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EELZETE, Lo, BRI WHOBRCH B L, BIOEO
GRBAMANATHL C LA SR L 5, 78, BRE: SR T L&
ik, (2-1) X (2-2) OBR HEAEE Yie) 3,
Y{w)=K; () » E(») « K (o) - I{) (2-3)
S HERBEGSMEDNR S, Thh, TORPEL K(o) « K (o) D L 5 KO TtEES
NHD, OB IR S & e d 5,

IL 2 #HEE LS OMRIER

I 2. 1 BREOESR

W E, RNV SHIBCHERCIES, 20BYMFE L, E0R0OMIIE ay ), ay i+
Ay, eeeeeees iy -+ (M—1)4t) FbT, THE, LOGRINLD, TihbbibiRe
DA 2() 1%

z()= X ax y(@-+Kdh) (2-4)

ok Ly ar 3EZIRSOMNIOEAEL (weighting function) ¢, B U SHRA 14>
HCBEETRE ek =1 Thbe V&, 30 DARZ I % V@B, 2() OA<2 Ik
 Zw) tThHE

7z (a)) = [MZ—I . eijJIIJY(w) 2E5) (2__5)

K:-
LIPS T R R () K (@) 1%

M=1

K (w) = 3 ag eforsit (2-6)
K=o

Lk
Z(w) =K (@) » Y () (2-7)

EFRLTIERTE D, ar =1 O XITIT (2-6) b

S S Yle) G L TR AR CE T,
gk5)  (2-4) s\#% Fourier 285l T
Te

M1 _
z@) =\ T ax yt+Ka) et
K=0
T
s, ZREROBE vyE+K4l) DR~ 2 b gk
T2
V(o) ={ y+Kan) eoerman gy
T
WE, e={{+KdL) 233 -
Tz
M_
Z(Q/) :S Z ax y (t+KAi1) e—jw(H‘KJh} ejwlf.‘![l dt
- K=0
iy
M-1 o )
:[ b3 aKeleJﬂ] | yEeoE ge
K=0 n

_ [Mi laK ej,‘,[{_rft!] Y (w)
K=0

o l, TeTr ik Kdfr 39 bFESABCET 5 Jones Mk 2),
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. M‘”Atx
SN

[ K () | - M-1ao
gin—="1

2 .
wdt, ? V& K (o) = “‘“" g - 44 (2-8)
2

LIPS TIL, FRPEECFLRABEIIZ L E 0N AU TH D,

1. 2. 2 BRBEBIABEREHELL-EZOER
G4 SR N, TR bs, SO 2 X bs 3FFLOZER B2 TL v, DX
X, WRFES S, S, Spyeeereece Sy DBEOFOX U TEZIREOHINL KD X 5 1@ Kb
ZENTE D
So: aby(f), aboy(@+Al), e an-bay (- (M—1) 48,)
Si: ahy (@44t , aby (AL FAt) e an-biy (- (M—1) 44+ 48)
Sn1: aobny (t+ (N—1)48), @byay (§+dh+ (N—1) 48),
........ aMdeﬂy(r+(nf—1)An4-( —1) dts)
Tiedob, HIEROAT 2@)
2(B Kg st axbsy ({-+ KAt + 54t;) (2-9)
LEBENS, VWE, tHSA=Y 2L

M-1
gt = Z agy (' -+ Kdt,)

rBdr (24 : (2-5) @E%Hﬂb 1S
M._
Glw)= ¥, ax ¢E# Y{(w)
K=0

R LD, (2-9) b
N—-1
z(HH= X bsg (++S45)
5=0

Thbnb, FofL /AT
N-1
Zlw) = 3 bs /512« G{w)
S=0
Linhs Thebb
Z{w) = ( 5 ax gkt ) (SZO bs ej"’s-1“> « Yiw) =K (o) « K@ <« Y
(2-10)
DEGEIMELNRS, oy L
M-1 ) N-1 ,
K=Y age*, K (w)= 3 bs e (2-11)
K S5=0

Thbb, K IERED, K ) ZSIABROMEEL LT, aer = bs=1 D%
&L K) =K () K 275

. Mmdil . Muodt,
{ K( \[ sin Sin 7
@ = »
: A A
: _w_h_ Sinsziz# (2-12)

arg K@) = MZ” LS NN Nz” L gdiy

Ric, (2-6) XbdWit @-11) REPBREFIELTH L E0DOEELHRRTHI 5, &
NHDOX IS FTH Ao, ~RIBEES L BB L&A TS, BN O
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(% filter & L CORBEBEICK L CRAE L EE LHB L0 TH L, LovL, WEOHE,
%Vf@z)u\ ISFUIIFEEA B B L &, TOHINCKE LT RS 57 S8 5 BRI T L
B A i BT & (2-6) it K 0Zfuexf Ltin

M—1)/2
K (w) :au+2 bi ax cos (KAL) (2-13)

K ofguse

Lam (2-14

K (w) =2 Z.' ax cos (@
K=1

ET D, BEESHIO0 s b, LA T, JOBGIE 2-8) o T arg Ki(o)=0] &
H, fMEEREbLRLE Vs Klo) @ovTEEILL 22025018 BAATHS

IOI. B4 @ 2%

III. 1 wavelet

FRONE, D VRSHIETERE (2-3) RNTEHL I N LIERR(E (linear operation) L.
CTHEBEENLH, TH2HEHORMN TS wavelet [TFEHA Lick X1, HEED L 5 el
BhL2 5 THD S by b PSS LR AT 5 L &, KECH % wavelet
DEEOHH T ERP AN TR C L3N L L EBbR A

Ricker®" (% wavelet %#ZFi>T3RE L€, Eﬁ%’%fﬁﬁ»Bmi’lﬁ{ﬂtﬁﬁiﬁfﬂi, DB OB L
LTHERORTHRL TS,

Y %——ZLSBZ” 5 cos (RB—BT) dB (31
R ! - ’
oy L, R=owfe, T=wd, v IESEEHLOMEHE £ 305, o, ¢ BBEDERTH S,

9 R ,02 sec
SN We—— Y

10+

%413 [K Ricker © wavelet

Ricker’s wavelet
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DR THIT wavelet DA 13 RiCimT, & OO B EIEEIIEEL w, ¢ L U
HE 7 CREBL0OTHBL, HHRORL A {4 RFETH0L LT, WhbllET
D% 0.028ec L L L& 5, 7%, OB 50cps ORI Ind BRI L4 DiC
Hleh, COLEDARZ bA | Yo | #BI4ROBRTHLTCH S,

=] i
ors

#I4E ST wavelet ©® R 2 b v, ARSI
e} Lz wavelet @ x= 2 b

Spectrums of wavelet (solid line! and distorted wavelets
(dotted and broken lines' ; M: geophone number

1L 2 SRS —E ORI A 2 1 E

ELE ax = 1 OBy, Tibb (2-8) KTk T 4=y sec W7 5 A K
THELTHR LT, ohit, B13RDEIE s sec tﬁ*é‘f‘o LOMET 5 & iclasde b
folg Tok L, RO E T 5 OB o, SEEE T ich bl oo fiie £ %
RN Ui, Bt ieltEbER S,

2(t) = ‘é:: ¥ (++ K/900) (3-2)

iM% 1~19 £ T L2 THELLEDONE L RIThHL, 4, ZOEBECOWTLD L,
EOW, e LEMAET L 2 Ll L, R silENA ST 2 O IO R
Kt bhe Eicll], FoE b CRECHDHTERT 24, it 2-8) NimmshafiiEch

B, EREERO PN ERVE & UTE S

Signal 7RO sine I8 TH BEED SRR 28OV, Johnson” puRSCus
B (L3 BR), cogfiEToo Ly Bkb A0 L5, BHEND sine OEEL
TRk DOR CHEL IS,

L (MAt
:sm ( T ) -

fox L, T» ¥ sine WO BEMMTHL,
o O LA E e wavelet DIRIE & ORISR 16 B R LTH S, SIS Ll wavelet
@?M‘mk L, efs oRE4FETORIEL 289 Lo Chiz, ZORMLWHLLR LD
. AR X Lt wavelet DIRIEOFADIE L D LAE LA, wavelet DB O FHL
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15 Sk 3she wavelet ®, Mid 2R oM
Composed wavelet form in case of move-out time,
4{=1/900 sec ; M: geophone number

5 10 15 M

#16 K EHWEER L wavelet ©
R O Faik
ERE BN EEELEL O
Comparison between amplitudes of stational wave and
distorted wavelet for geophone number ; Solid line is
calculated by formula (3-3)
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{7l M=10 HIFCIE, FOBIARLLD Liticvs LivL, Maehlbl k¥ uiEckiL
Tit, FIE S wavelet OFAFHSAX (b

H15 XD wavelet DBIHCNT, XHIEBEL PR BB, (2-8) FaHGT, ML
FEMERCHELTS Ko #HELTLL5, 208, Ko IKORTEL RS,

_._sin {=Mfds) =
[{(&0 —'mf‘ﬁ) (3 4)

1
i =2nf, df=—_.
oS L, o=2zf, 4t 506 sec

(B-4) Kb IS h s Rk 8 17 N siT, 15K o po T e, HUTRD

K{)

1.0

/"~
1 \\l’ \\"1
(o /10 7 730 %

FITHE 15 HICHIET 5 K(o) =sin (=Mf40) M sin {(xfa1)
Characteristic function K(w)=sin (x Mf 48 |M sin (nfdt
corresponds to Fig, 15
filter Klw) &%HRATRTC 2, 8 DT LHIBNL T, Bk (3-3) K¢ koo
FUFEITRLL ROBCEPTEDLL L ThD, Tinkbh, JEIE 50cps O & 1,
BT M mBeRT X 0 50ceps il b, HOCETRIERS Klw) 23805 S r oot
RoBhz, Lichnt, e dif<ims Ehb, ZOIREO it 295 X # wavelet DR
BOWPRLVPCHFDLTEO L LTE LV, F1o, FI5ECELT M=19 DBaIs,
IS Fulz wavelet IR 10D { CRESR L, FHIEE LT wavelet DI, = O
K% eStae T, 220 wavelet IO A% % LS5, 817 Bick\ Tl
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M=19 OHfT 47 cps TO L7V, f=50cps T3 ARDIUDIER: B0 Klw) OfEI—EEH
WEEoTROWC S 2 213, Klo) OEFIEOBERY, MHARETSCewikd, &
A U ey 585y —3t 5,

Klo) 13, 17t 5 L 5e—Fio low-pass, highcut filter Thbnbh, #15 KO
I 5 EMOfEAFKE < B HE, 2 s ORRAKREICA 5 ORTREE il i, &
Dk, wavelet DRSS M Vi) B, COBSECLD, ¥0X il Zie) WEbLhE
PFRTHRDE L b BUNK, FORABRLTEHS, Tihbb, Zw) ORKMEOMNE
13 M OfEARE I BICHE, KEIC f ORNMEOTECBEIT 5. fok 240, M=13 Tt
FRfEIL f=35cps TH D, #5165 Ko e |l Oig, HRkdfEic X < —8T %,

BLERA TR OB T 5 Z L1k, BT Ricker @ wavelet D4 EHAI A Z &
T, HISKD &L 5 7 wavelet T D PRI OBk T A LT, RAEEL
Tz b EEHELD,

I 3 ZIRE® cover T5EIN—ETIMRAE 2 - BHE

Wiz, SEESRO cover TAHEE L % —ERL T, SREOHE M 2 {LERimET D
WTHARTERL 5o SO & Z ORVRERE Klo) IRRTHEL bR,
(ML 1
S sm(n'f M—-1  Va

(3-5)
. L 1

sin (nf 3771 “*V;;)
sy L Ve REMTORECH D,

L _ B
1) Vo T s00 See DEE

Rt BENFoEES 3,600 misec D Xk L=48m N5, Tiob b, RGO
cover T AR AN EGEETHS TS, =0 L m ORI 2, 3, 4, 7, 13 A0SR 4 554
TR t~te & OV 2() REI18BIC, %l 7Ok O BRE Kw) % (3-5 b
FELTEORICTRY, © s TRENLEBOE e K & OMOBERL, MOHBATE

2518 M wavelet DET, L=V,5x12/900sec DEH4E

Distorted wavelet in case of coverage length L=V,,x12/900 sec ;
M: geophone number
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1)

|24

7o

HEI9K HFI8HMEXmT 2 Klw
Characteristic function K(w) corresponds to Fig, 18

Nl EH, FOEEHEMIRD, UL, ROZLREBETETHS 5, Tihbd, LD
HC B2 2 R OMEBA S\ & wavelet DI DT {7 b, B Dicuig 220D
RIIFE LS TOT XL, cover TAHRE LABEWGRHEECLIUERSY I, HANED LB
B PR R WG, SRR OB D I & signal OBIEL kB WL, Fho, £
DPMEOW D LFE LT L% BT 5. HIRCO BT 3,600 mfsec DA x5 = 17,
YR L5 F it D LGtV £O EED cover TAES 48m 13, WiE L LCILEE
HER TR T 5 2% SFURFELBRC L HBT %4 (VL 1) 2-channel mixing #7175 355101158
RSO R 24m WHST2 2 2 ARL0T, I8N T L 5/ signal OIHL
FEEECHY 5D THB, Tihbh, WERERNOME D, Lvd mixing 175
ey, PR OMBEEEIC LG, HIEC 249, ol g ciionc
EREBLTEL S,

L 6
(2) Yo T 000 sec DEE

FIRIED cover THREAMA(L) DBEOILGDLED 2(f), Klo) #E 20K, 21N
. TOBERAL, (1)0X Yk s wavelet DELR SR, (2) OFREOMH

#6) ZERSHINE MR REHEHBE, TohLo BEO BRLLET 3700, S35 RIRAEN L
HT LT Be
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[x3

$£ 20 wavelet OEN; L=VapX6/900sec D&

Distorted wavelet in case of coverage length L= V.;xX6/900 sec

Kio)

21 20 Mieind 5 Klw)

Characteristic function K(w) corresponds to Fig, 20
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B M=2 DL (1)0 M=13 OB 0IRLNE L, RIRS KEv, oz kg,
WTHBIONEE2 XD Kw) bbbl b Thd,
fo 188, %%@7‘;&30\’:%' 19, # 21 Nicsv T cover § 5 L oRic, MEYHO SR
TGO Klo) RDCB WL, ZOBEITIL 3-5) K2KDO X5k b,
K@) —««S—“ig’%"” ) (3-6)
i e
E DR ELARWE (sampling function) : LT X <MbRcHBETH B,

IV, %5 M ¥ 3% K(w)

IWW.1 wAh\»SHoEH

i U1 O SR, T2 IR A~ 2y DS K (o) 13, (2-8) SRTRDT
BDH, FOPHERBACELD LD, ROXS5KELTILNTE D,

Sln< del )
| K(w) | =- oAf (2-8)
Ms n( z
: e
sin (rrfM—ifsm 0)
M sin (qugin b)
sin nfo{fL
= . A;i’ = (4-2)
M sm(vtf %, )
sin (mM 7 )
il (4-3)
M Sln( Rap)
. _sin (xMkdz) i
sin (n'kdx) (4-4)
3 1
sin (7 —
M gin (zg‘ T
DAT w=2nf sg=SO0 oV _ g 1) A%, Aag=Vaolf, k=1[Rpp, 150
14 sin €

DERLET, V BHBOBEDME, Vi JSRCSHRIL BTk ¥ O BT 01, 4r
VEEIREHEING, 0 WASED BV i, LOEE 55 D cover TAHEE,
Aop FHEFETORBITOWE, B WRTH S,

(4-1) KD 0 1%, FHHED ray OFTIEFRLTLOLELLZ LN TELDT, O
TEHT% L Johnson 7p & 5T B AHEOTEIIMROREA R LT 5, B, (4-3) R
RBGOWE Ay #EATHBDT, TORIIHECKT 5 filter OWH AL LTV 5,
HEokse, EoBEERT, YoBBERTAMNMEETHY, Fhiibhbho  Hige
L300 THLH, KRR LT, $FEHE (1-2) Xl 52 L Uiz, FOEEII,
BB oME Ve 3B csoCclih Tk d, T80 EbMs s LoTE 5,
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WA LG CEE LS b Th B,

.2 B % K
FESCH G B D TR, IREILOEE O096) ST 5 Klo) 330 LoBtER4
BHHNZ, FER--RE oW TA LB L TR 5o @2) Kovbbhd X5, 28 f, M
dx, Vap CHb, M, dx —mBiz LC, o220 B B OB A PR o va 0 38 227X
Thho TOFMEXKOFMEOTTHCHTATEHL IIL 2 130T BEL < dtio b, B
M2 BT Eidiety

K{w)

1,0

22 e P =
A characteristic function K(w)

5 22 RO RN BN O HE Viy=1,000 mfsec, HEHUL 2,000 mfsec, ez 4,000m/sec
AT % filter R4 R LT B0 2O X5, —B BN O e &0 filter DY
BELLEDLB L L, s, BENT OMEE D KX < fohuf i 512 ¥ high-cut filter & LTD
PRI e B0 Ee, FOMICEINT O MIEAVNE L 21203 2 Lo highcut filter & 1
TOWEEFRLT, W5 £ Tk, HHEoRBToMEe, Ko ks e s
oo TOR/MARHBEOEOHEE V OMTh 2, LT, K RE 2 5, 4058
TOBERVOME VNS b Lidlne L1, HFOED Mg 2,000 mfsec 55
&, AT L I T AL Ve V OBy, 822 ROABOETh 5.

AR ORI f 2758, 822 KNOM P o MAKIHED 2%, Riiowbzs
FHT L L 2 OFCHNTRNCHED Thbo LIADT, O 1.0~0.7 BRET
HBIEDE, EWLEL v L, WEERLAERC OMERETH D, BRSO
i, ZOREOMILS LS EBANETHEI LIS ETH ALY

FRRCR T2 OB, 2 & Lol L T80 Th 5, IFEIC L, 8240 L 5
BRI OHER VORI LA D D Bo S OBMRKIT, & OFOTERIE O T s
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TS o DR C A ERPCE 5 4 O, FOHENVNS L O CTEDEICEENS, L
L., SEEWE O SRR BT /N &0 o ¢, 4y high-cut filter CiRBRET A LML
IRV filter BB &, WA OB X A LT Hicw23, AT BIRIOYEER (5
SN LTh, 122 A CBREEHR BT TES, CRIZELT, HED high-cut O
W ORAINS &, IS A REEERE VS, BT OB OIERIC R SV AE
A Ll L wEEeins L, WRcEbses0C, MiFe bic SN R kg
HEDRELIELIFT L LR TCERVTHA ) o

FEOBBENS LA T X 5, BRI UEFEOR, W LB M HIR 4 123
FE L 2 MO O BN O (2 ® & 2o TR B S e S ORI B), RUEYE
B, B IOIEEO IR OB, LR L S LOREDDEAETH D, b L, #FIcE
W, SRGBD I LSO, P < & LR 4 A4 70 filter KA L0 OILH
T5REThH 5D,

W, o ECHENIS < MR T AR L, SFUED TR0 PRk Klo) &
= 8 i ol

IV. 3 ZFR 9D Ko

8523 M R 9, E#RFEO Klw, d4=1m

Characteristic function K{(w) for linear array of 9 geophones, spacing=1m



H24 R EERIM, ERED K@, 42=3m

Characteristic function K{w) for linear array of 9 geophones, spacing=3m

RPECRLFECIC s L, 9O SIENE, EEYE (inear array) IR
THIECH D, P K (o) %3835 84, TRGME 41 1m, 3m, 6m &
h, BENFOMEEL 200 m/sec i EiETe fﬁirﬁf 4,000 m/sec % CLofc, PP F i3 0~
150 cps E TRz, AL O FECBNTIZH £ v B G EE LA B TH D,

ERBHTHRENS a=1m OBPED Kw) WOoWTHRCHR L 5, B, iii@idr*
B FPEL 30 cps DLTFDEEASE - OT, O, -~ OfED BRGSO RE NS
1, bE Y HERINGE T E R, 05, RO AT o#BD e 2 2,500 m/sec
BLEDHRE DT, FTOERL B bicvs B, - omEwil filter & L-TofEH
EHEVRNEETH B,

ERANEIIE dy=3m (5824 X)17c% &, high-cut filter » L-COMEITA LFEIC L%,
R, BT OB Vi #5500 m/secEA F ORI IIE L A 1558 L5, 500~1,500 m/sec
HLOTIE, 30cps BLEOREHEA LTV A L O AERSEREI N2, REE o ot
LT, OMEPRIDE VEL v, 5, FHFEC L b 2 0 IE2 bR
by

dr=6m (8251) OBEAY, high-cut filter & LTOMEIIELL L%, Ticbb, Va
757 1,000 mfsec BLFO & ORI 2 A X HESR XTRS &5, FEiiioRo oy ¢



M=5
dz = 6m

/ \-\ -
A

L L . |
70 80 90 100 )I00 )20 130 140

Foa

%5 25 AR O #, EWED K(w), ds=6m

Characteristic function K(w) for linear array of 9 geophones, spacing =6m

LREAMHIL 0.2 1070 50T, O TOMERIEILS BT 22, comicEL 1T
KEECETEND), 1,000~2,000 mfsec TR b Hkihs, BHOLEEORME L
CIBA LTS, HERIEEC T 2RI 4r i3, B X b 2 ORISR
Tha T ey, ZOFENLHLHTHS, W, Ve OMENSCEHEOISEL 207 b
BB L LERETHD, '

V. 4 5% D K(w)

IR, B A ILESER OB R R A Oy, A R SR 2 AT i
FERL BT IV, OB 3K, AR E1)RAIG bR D, ok 218, o
HETH AR D LB 3 5, A 2 BO-FEIR0 5 AEROBGCIT (26X ()

Z2), Klo) B3RO LIk,
N oy - Ax
Kw) = ?{34—2 cos (2 af 17;)} 4-5)
F7e, 5526 X (b) DD 5 OB,

K(e) z-—%——{{l +4 cos (2 =f —T‘f.f;)} (4-6)
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Q
(a) (o) o) o)
(o)
o o)
(b) o)
o o)
[e]

© l'o) o (o)

#2601 £ fL KR o &

Patterns of shot holes

Lich, BN BEIBOEG (B 26 K () ) cik
o) el PR r 2\,
Ko = 13 {3+4cos af Vs 2 cos <2?EfVap> “+4 cos (3 =f w0 )J
ik

Fuz (4-5) T X b EFESE RS 5, 10,15,20, 25 m DMFEHICOWT Klo) #FHE L TAL



N
w

Kie)

0 T6 2030 40 50 60 70 B0 90 100 100 720 130 M0 10w
-
HETH RS B K(w), 44=5m
Characteristic function K{w) for the cross five shot holes
({a) in Fig. 26), spacing 4dx=5m

5o Z O L 23~25 ROFRROBTG L FREC, 4r DfEONE G2 X1, 40 fiter
PRI E L, 4 OEORE G EFIL filter FRIIKREV, LA L, FEHOMICIE K Off
BOPOIHRS &SRS S B TEER S 5o Thodbb, 527 M b5 81 HoBAiL, 3T
K(w) =0.6 #Aul>x LC cosine EOIREZF b LTV %o LT, FORERIT0.2 ¢
ERIDLMERBE LTl SO Z &, BRI 3 ALY, BECEFRER
HMbD L5, PLICSEAEET AERA filter FIBO/NSWE 2R TLOCHS,

£ 27 ROPFEALMIG 42=5 m DOBEICIL, BEO UHEO WIEHL % b WiScx e
Vo [FIRRIT, signal OZTELIS L A L BT gy 28RO 4e=10m €755 & PHFfE
HEPL L%, 20RO 44=15m /0% LWEMEHIARD 1<), HEROMS 4
KD 4v=3 m WHXT B & 70 %o WIEDMEIMERITAITIZ 5 AR D BUCIE B Ao Tis
Do ED 1R b X 5 i, 55 23~25 TIE K(w) =0 D% L %2 2 hib A, o
DEERR e 0% D HREHE LTEII N2 2 Chbo L L, U K@) DfEAB0Ec
HLERE s RiT, ZOBETL, OB cosine ThoHAb, kb EH8ND V=
300mfsec D X5V, P f OEHFKRELS B E K@) O T RIMACE 540,
FRTCREMI0CR D SO LI, BB EEOURIICKT U Cit, Mhrainigs
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bl

w gz =xF Suioeds
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CHMR DL L Th b,

30, 31D 4x=20, 25m 705 & HEEHEE LS X< b, Lal, NiE signal
DETFCH LT OIS A X I8, Tug T, ok 20f, 8531 KTk BBl o mEgEs 3,000
mfsec G, JEWEEL 60cps @ signal IRIEEICE 5, o0 HAE SN o [ EO BT
Fhlt T i35 Fehils,

IV. 5 E#HHDo Klo) ok

TERZ O BT GRS 5 T IRTETL) DBt K (w) 13 4-2) X CFImsh sl Z o
BRSNS AT T AT B, 2 0dRO L 5 IENEE o R+ 8% L iz

K
A
1o

0. 707

o
#0032 K
&%
SIHL e con Mo x4 (1-1 W | < T
ORFN G, F32RKD AB O TR (4-2) 502
K{w) = cos (an_Z‘I’Z;) @7

ETBILTE B, filter [HES A X0 B K IT, AHNBEERS 13/ 2 i b B

BEDR A0, FOENENEY RFSLD 205 BRCEST, K =1/1/2=0.702 ©

To b RIEE (B 32 XD 1) T, filter FEHIC 12T signal OFHDP L5 HF L35,
FThbb

e

5 de . 1 e
..foMVa;— 5 (4-8)

AT I\, SRS D CIBRE AT 5 L &, BN Vi, fi BT RA
LB, SO EFFED B SISO L M, HIE 4x % signal OZRC
L CHESTHLh, TrdlT s8R LI LEET S, ZoBG0di d-8) REX
FLL Tk & LIXEH LR Tth B 5,

HT) COrFLERAL¥-HIL 1/ RHD,




s & r
P LRSI S & E
& S MR@ ¥ \"%&\§Q§) & |lg °
o
- 4k
;S&
8
=
]
ISy
s
'c{ A/ 92 [t}
// |/ O‘
S
i 7 Sy
8 BE
< 2 / ‘V w
5 S =
A i |7 =
| . 5=
| 4 =
- — p=] I¥e)
NN =
5 N S =
S, N\ g & B
\ \ oS NS
\ %, = =8
™ o
LN \ R 5 g =
N - oy
By ¥ N ¥
i’ Ny R, STl 5 s
5% R s = =
¥ § iy RO & g
y ¥ k! oM o
R > 8 g
< P % &
N D S, N
g g
< R = s)
R NN
\ . ., e
~ SR
i ‘ N
O
" ory
; a A e
‘ R
i
! =3
i -
! z g
i pol
> T S o Mmoo ~ =
IR od '

K, E3BROUYMPHEC WAL 5, VT signal #% 40cps TRENT © 3T Ve 2
3,200 mfsec &35 &, ROAMTEEBARD NS, BN LEHNCEFC AL E 038
DHRCHEL, CHIDVADELHED T M=9 *OFEDOfEYRDE L x=4.3m (EE)
Cind, Tiodbb, & OBECIITREMIET O 4m B¢k signal OZ9% 12 MMk
LB T ERERL 5, E-BRHOEEOMICEL L, FLIdefTs o e
TE D,

IV. 6 B8 L &0 Klw)

IL 2 B\ CHREREE & SFUB T & A RN (R L 7038 6 o TSR i, 3
bh, 22RO X 51, £0 filter FHUT K () « K () 2O B TEDIRL, W E,
FOBRMEL TS DI, 161 LCHICR~70E 3m, 9{HO TR (& 24 )
D K (w) E[HfE 10m, 5FLOMIES 28K Trihd Ko k&, K « K (v
RIBLL TR I 5o U, BFER S L0 BRE T W URBG OMERKIET 2 Bhes
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shat 4z =10m M=5

seid, dx=3m M=g

f

e

D 0 20 30 40 50 6o 70 B0 G0 /00 Mo J2) 130 /90 150 g

\|

<ps

HE3ME FHURMT oRERYRTEHA kP R4HE 0B
OFRE L SR LA K 14
A combined characteristic function K () for the same apparent velocity

in case of the linear arrays of nine geophones with 4xr=3m and cross five
shot holes with 4x=10m

34 R ds FUC RSN OB IS5 2 &%, signal o398 BL T, KHEE GE
THHEHFEERLCO S, —BOBEAL L0, EHEM L5 L, B coRBIT
DI &R T O RN OME L OBICIIEY OB 2b B, o C LB LU BeEL
Bz rimt B,

FURYRTEIL, 2,30 DTN E 5, 14 high-cut fiter ¥ LTOME
NELL L B2 b Thb. THobd, EURTOEL F2TE2 00 Bk X4k0.2
PISLDECh27e2t B RCOOE SIS LTI T il b, —ikc Jfhs
T b, i, BRI OV TORE 28 ik L Tizv 3 T4 7% < high-cut filter & LT
@3}1‘”01,@&7‘&17&0{\4 Bo

Wit a BT s Hie LT 3RS 513 SFLETE o MEi A% s 5 e, Lo WEo
high-cut filter B LIIHEE LW Z L ThbH, COE LWEEEE WS 0L Klo) OFf
PEC, 851, 852, rereeee OWOFEPMEL, XL OTHh B, ok 2, #E28KX
DL, FREORD M=2 Ok 5K, KOWUOEIMN1.0ETS LS5 b 0iELHE
WEITCH D, RONOESIIEIIRTHES L5 K, B SR nO M M o g
SIHED TR 2 505, ZOB S MEAEHEMC L C3AHE LB L5 b0 Thv o L EE
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HHET D, COHEMHENS Parr & Mayne'? 35 L 0% Savit et al®® (3 (2-4) ROBLEEL ax D
2 ERACRT, OB AERE, 8L OSIEROBRC OV TR LB 2k
BRIl D Th b, SO DT F RECE W THRAZ LIC LT, E3X
R2X51%, K=K (o) « K (o) OWEM» L, AR L, AT 5 0ol T
ax OfEEZEZ D &S EFAOBIFETH 2 L LIS, HRE: 2t v iees2 2T
LEBCELNSE L LT L ThD, 2O LT, McKay™® /o ¥ a8 BRimcsi LT
Vid XS, R L SFUEROMAE R, TR LS AT, B
D EAZE UL BIFBNO—o8, COHCHE0EEL LIS,

KR, R RS L CRMT O Vi OESERAEFCONTELTRE S,

N o Kl
s shot 4x=10m M=35
N

\ Vap 224,000

sels.  Ar=6m M=9 s
Vip = 3,000

s )

. iy
0 4 20 30 49 50

. " 1 i L " : .
40 70 Fo Q0 00 Ho 120 130 )40 150 g

cps

£E3BK BuonBHUEELRTEBSOBREL
iR vHASE K)o 14§

A example of combined characteristic function K(») for the
different apparent velocity at the shot and receiving point

Frr 20, HERECEWT GHREICINT) signal OZFBORE WEEEY Lt LE 5,
WE, M 6m, SEREOME M, RS -co BT MHEE A 3,000 m/sec, signal O %
B 40cps E LI 5, DOBMCEESB XD Ko ©X 5k BiEnEBohs, 0, Wk
RS H, T, 4r=10m) CORBNTOMEIRE C 4,000m/sec X LL 5, <OBE
AT B XD K () GREND L 5K, signal OBURE LA LD bl 2O
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2OoRERIEARNEY R L oN ES RO BRTHE, & L TEODZ L
Kilw) « K (@)% K (o) CIEEE XS PTED, B 0~60cps ¥ CORILIZE A X—FK LT
Ve ZOO LITERRIEE & SUER BIRRC FV 235ACIE, signal OZTRICEIL T,
FE LTEBAARE S THH0BRCHE SRS L 5 — e EbL LT %,

V. EH>DbH 2 BRE L £ ILBFE
V.1 E 2 &%

TR D 5 VIS HBFEOTT filter ko BRI O\ -CI AIETC 338~ 23, Bif/ fl-
ter OFFCOVTIRD X I HE2ZBNE, Tiobd, HET<X PEHIEREEO &5
MBI 0 ChoTh, LOREREEIIA R Y OB b b0 EE L bR,
Lieps2> T, Filifis g 36 Mo &k 5 i, T-H0REES GHROES) Hbokdhe, ©
DG signal WX B : LTSRS, S OBEMNG BEFAR filter #ikx LTiast

% 36

BOHSETCELREINECLDL Licbbith s, £OHED 1> L LT Parr, Savit 7«
EOEDH B EIIIN h kR, S CRAOFEC W THRET AL E LY 5,
BAD D HHE OIS Koo)X 26X, Titbb

M .
K = 7 age/o%4
K=1

THEZBND, FBIOR, HHIE2A RS L5, HHREE M O pdEYk x5
B, BERE D HU IR EEFETLY cover T A RNCEM AR A 2 Lo, W o ki
ERER Ve LintdoT, 20k 2T EOIIT

o

K©) =S B el gt (5-1)
LSO TEREENS,
FTECHO BRA RO LT, EESNENCEEIRS L3R, 6-1) Xt
K(a))*:ZS B(#) cos wt di (5-2)

0



33

ZORILEN BEY) N Kw) OEBEETHAHZLER LT WS, +1LC, B i1
Bt =-i—g K(w) cos wt dt (5-3)
0
EELT O ENTE D,

LEROHERS D, bhiotuaEN L B2 DEHEOREE, bV EEER R 5 L
B, FTOBRAE ax XD X 5 GEE I 0T, B 5 IHUEI R 2 L RT
o B

w 2
Kam—e ()

. W
Ky=1 Kiwy= COS 35
Kw) Kew) Kew)
x 1.0 1.0
0 ws 92 0 Ty, W w
(a) (b) {c)

37 [@ @ Lv3Eo filter oI
Three models of ideal filter
WE, ZE L filter O LTHETRD @), B), © O3l oun Bl
350 Tieht, @) BH0rb a TR KW=1 T, o>o TE0rk5s3b®, (b)) 110
M a2 ETI coslofm) T, o>mof2 TROEEDLLD, © 1 exp {— (wlo)?} OF
DEDThA, COL I RBERED BOWG-83)XnxbRDbL, Thbb
w0

@ B =—; S cos wt dw:—%‘(— B vt (5-4)
0

G)ot =

"!w
5 ]

® Bl="1{cos—2 cos ut do
o

Fid
Py L3 - T _ A
e sin{ 7 o | " sin{ -3 (i—w) |
2z ki3 T (5-5)
—2—(1+w«t) 3 (1—aof)
(¢ B =»~%~S e'('m'm:;)2 cos ot dw:zl;oi = e"ﬁ%‘ﬁ— (5-6)

5~4), (5-5), G-OXNBLIFEIRS B X igE3sRo@Eh thbs, oM

BT, OB wf L2 T\ 5B, WEBEIRRO cover TAHEIYL 95
wit=2nfl =nfoll| Vap

DEFENH S, wf=3.0, Vap=1,000mfsec, fo=20cps &3 5% L=48m, ai=6,0D L
WL 96m kichH, & NT, HEERERS L, TS AL BEELD  cover
THEIE, HLEEORRASD, TOEKMEELTRE 40~50m LEBEL TINS5,
Licho T, EOBEIT, wd OR300 ECE 52 ik, ERTEEL 5 2 2inik
Bo COHMME, L wd OfYEOMEETLOLESKIE, FhhbRdbhs Ko
OfE, 5537 KGR LTW BB LISGPRI D ORI LTHA S, COES, (@)
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g, 5o Bilr gty Sin Blo-lpt) [
27 B (/e lptl B Ltgt) ]

ﬁ/i( Senrtlol
/e et 4
//\
3 e 4 _~<—‘(5>_~—— 7 ant

#3BW #£37 Ko 3FED filter OE»FE B
Weighting functions B(f) of three filters in Fig, 37
& b)) EOLTHERTESDTHNTARL S o
V.2 R0k s BE wit+2 Kw)

B(t) b oTuT K %RDHBCIL (5-2) R v = OB, 850 i
MARDR DI fh Wik h, Thbb

to
. Ban - sin @l ' 19
Ko} =— S ( o )cos wt di (5-7)

ZDORUL tantw) =%, Hoi—w)=y LB ZERLD
folwatw) to{wo—w)

Ko) =— [SO M gy So =824
=2l i [0, (14-2)]+ i [t0n (12 )]} 58)

Ligho, INERIRTALHEORD L 510D, W ETLRL, fay DiEKRE L TIUS
(ZDZ L1t cover THREILERELTAZETHSDIN, FIBEFELTE W -"TEE37
M@)DLDE L DIEMT BT Ch DA, THICITEE LoFIOS 5 & 2 iFnhc bk~
WD THhDH, Fiho, COBOFECE\TL, # FOLBEAT (wlw=1 D) \whbd s Gibbs
OHEFNNELC L, FLT, Zhak: LTEVEEORLS  LIZHBA TS (k2
{E Smith®"),

2539 Ric s\~ T, BIOBAIE LT ol W EDTHBDOT, EE W F5 BE50oMS:
PRI W FOT, BIELFERC f, Vo TELTEEORD L 5%, Z ORI cover
THEZE 20m 2 LTWAY, LEORELZ2MHO 0m X Lk &iEi, HE#NFomE
B Vo 37 v 20 OEERIGET 5. FLT, TS0 i, cover THEX L=
20m DX ¥ER, O filter IFEHCHENLDCHLE M, BHCE LIE LT~ X 51,
FRROBEUIN TS T W R HIES v L=40m & Lic3&icll, “° 8 high-cut &

28) T oFiF move-out filter & LT Jones HRDTL 5,
29) J-i A1 Goldmann, S., Frequency analysis, modulation and noise (1948) p. 30 #&W s 4t
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K(w)

'\ | —to=w

0 5

H£ 39K cover TR IVHIManic & & 0% 37 [ (@) ok Ko

Characteristic function K(w) of (a) in Fig. 37 in case of limited coverage length

K(w)

0 1 PO xR ! 1 L L L L
[/ ]
10 \20/ 30 0\ 50 70 80°Ngg_ 100_1I0—T20 -

cps
AR cover T55E3 L=20m DL &, ho=r CXET 3 K
AV 30lrid L=40m Kdk 3

Characteristic function K(w) for fiw== in case of coverage
length=20m (40m)
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LCOWEIL X fess, IV, 3 B35 823K r=1m) 2824 (dx=3m) Ok
Dy, Tioh bR O MO 4r=2m OBECHYST 5,
Kz, cosine BD (b) OBBHGIEOWTHNTARL Y, OB K i1

S SR |
0

jcos wl dit
g (1+woa> 2 T (1—ant)

(fsin[ 2 (Ltonttal ] ogin -7 (L+on—af) ]J,
di

—o et |
s —Z (L4and) o 5 (1+ant)

+§“ sin] 2 (L~ant-+al) | dt+§°sin]: : {1——@—@& }
—— (1—ad) 0 - (—ad)
cos —){S& ( +-2 Y 1tant) [+ 5 (1~ @) Aot
—s F{1- )1 wit)] =S5 (1+-2) G~out) )]
+3(sin © ){ —cf }(1+-“’ Ja+an o 21— © ' Ytrant)]
—CzL*(l— 2 Ya—wt)] +Ci [-(] & --—‘)(1—%: ]}

(5-9)

CHERELEOMEHNRTH S, MTRBNE L 3IC, &ORERI Gibbs OHEMM

Ki{w)

0

41 cover THEI R ENL L 2D0HEITHE (b) o4E@E Ko

Characteristic function K(w) of (b) in Fig. 37 in case of
limited coverage length
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BHELLRBNRS,
V. 3 &EOHED LR

Parr /¥, Savit 0¥, FRCHPTECHE~ @10, (b), (¢ OFFHEICOWT B LT
L 5e ERO 5 0OFEE T, BRSO cover TABTOEAD Si% n LI DHE
22X Chh, ZORTHS X 5, Parr 75k OFERMO § DI THE L B> T b,
g, B8N L RLTHD L SIEL, 2, 3,0 O BESE ELCIKTSETM
DHO LB BEE Lollab B bub, Savit fe O L0, (@) OO IFECIT
SR LTR Y, ERPCE L AERTL O B2 b5, BElART © el
Bic LTk 0, ZhTidbEbEOBRMUED S DR Thi ) REWV, b)) X @

L (o) & DD R XD T b,

5 L
5
&
o P
!
L5 [ "
!
- I
1
1
e !
!
f
L !
!
: - i
A b SiaB 1/t bt , SEC-lht) i
Firihtl T F(I-Lpt) |
P f
70 b ,
J
!
B {
{
{
B |
a5
Sz o &
18 Lpt

¢ & 6 v & g A

g é & =
#42 " HFEO B> RO KL

Comparison between weighting distributions of Parr, Savit
and above-mentioned three types

$610) (a) OHF2LTE Smith .540T0 2,
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Kiw)
0

a5

freq.
cps

% 43 EEs XUETEo (@), () okl K
DK, 7L L=20m, V=500 m/sec

Comparison between characteristic function K(w) of (a), (c)
and linear array, L=20m and V=500 m/sec

Parr 7e XD Ok Savit XD ORDWTORMIIE s KR LTh B DT, Ko L=
20m x1, BT OMEE V=500m/sec DHED @), (0 LEHH (ax = 1 DBAE) O 3
D Ko} #BARTHLY (BB RER) . 2O, Savit 72X D L0k LK 51,
Ktk @ OAOLRICEEZTI Ve F4BRLBELAE L 5K, EHRCET Q) 1 ©
B (D) oW TRV AFRBEO 2 20 2. 5), fiter Bk X LTI RIFC oo T 5,
FE © Town Tk oE¥ o e 2 REIB S 24 I O 2SI CH 5 .

o 1 oOWE . UCik, ERBCIE<T @), © TRE0 Ko =0 O EmE f
DIEFRELIEDTWDEE 2 Thbo Lok, BFEHCHEAT L 5 iy flter Rk
LIDITIL, cover TAHRILZ XD ARELTINEND D, & O BIEIEEL L 5CIR
HTh%o fox, @ OBECRERINCGE Ko) =0 1 f>o0 i, BEHIE Kl) =
0.03ADLEO LALTELNTEL 5o B3 TIL f=60cps DL ¥ K()=0 L7t 5,

Bl LS BOTFERA R L C R de s, SEHIENCE Savit, (), (), (© Ko TIFHCZ L
ERIBC LS CBbhE. LHBRTWD L 5, BBEECRE T, SREOBEIS
oL &b, HADMIZE G D OBEINS B DT, BRBRBOECEIEHRE DT & B
BT bW Thb 5, Lnl, BRMOIES b 21T, MR O S ERT S © 0%
Fras, filter B2 LR BRI CWB L2 B,

VI. Mixing & QA&

VL 1 E & mixing : OEH

BYEMTH &S T % mixing OHEE & LTI, 2-channel mixing > graded mixing & 7'
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Do BIECEW IR OGO 50 %% >T, 0/ DICHSD 50 %A o) O
BE2BEDThb, BBCEOTUL, HBE, ok ilf HOD 65 YiEr 5—F, ik
BT Y, FR1oBWTHHEIAG9Y, 298WT4Y, &L 59T mixing %
T340 ThHod,

2-channel mixing
i V7w 2-channel mixing (LEERMEIEOEL, %k M=2 @33?&,_ L E
DR FEILE &ETHD. LIcpioT, ZOFED mixing b Ih 2 K
K (o) =cos (:frf Vor ) (6-1)

fav L, 2 BEEREMBCH B, L, FRAMB—-MCMEO SRR B ET,
FDrED Klw) X

w)*?]l'l— Z cos [ 2K—1)* - (6-2)

fes L, x=Mdx

6-2) Kb b L 51, 20D mixing ¥FFotEE 0 Klv) i, mixing 7t LD Ko
O cover THEIR 2MHCLLMELKERIUCH D, LoD T, ok 2 I8 23~25 Kok
VT, RN OMEOEY Y, 5 Lizd ®2, 2-channel mixing #fF07c L & 0 FHEX &
E2TE IV 2D E0bhE—HRIC mixing #H A2 L1L, %O high-cut filter & LT
OREAET AL DO TH S Z EAEREN Y 5, HEMOfEAARE VL Fii (6-2) KTk
PG O CERb IR B T Lk 5 ETHIn,

Graded mixing
BifoFE 0 Graded mixing @ Klw) 3N TCE 2 BNS,

K(w) -—micos <~zf~4) +4-cos (Snf*)+ ——C08 <5nf

Var )
dereevavan } (6—3)
BiDEE & Hﬁ%vz, %ﬁ'"ra‘f;ﬂﬁ mlfﬁ~m R A~ B OB A,

2 K-Daf-22]+1 % L) 22
K(w)= BMl Z} cos [( i g Von

+ ) »K?,_',‘:M_Hcos[ (2K-1) nf ]+ -------- } (6-4)

LT ERER OB CELEI NS, (6-1) K& (6-3) K, (6-2) RKr (6-4) R &Mk
4 hi¥, 2-channel mixing » graded mixing & O §F#EE D ke 3 A LM TCXLHTCHA
56

VI 2 FEZ4%-51}7: mixing

IESERESR G S ERIRE 2 BV B s 1 5 IWin By, mixing OBELTHED L X0
i3 & L AARB 2. T, BIBC BRI A5 0BT mixing 7n LT, B
DL ECHA O EETHORSOHIIE mixing #358 LMNTE S, OO mixing %

HRELHGED , TORERMEY —ER- ST bR 5 0 LTS B, R,
3-channel mixing¥lDDIBHIZOWTHE L TR S 5, graded OG 3 FHEIL S b B

#11) 2-channel mixing @AY, 1:1 QDAL TR AEPEHCE S OTRILH D X0,
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A8, BEIREREBETH S,

AR LT LS CERMAENE <, BPOWTELINDS LT5, FLTC, BREMEE
URD L5 eEbT L, TORERE K@ i3

=) 2] 5
Kw)=2 S B (f) et dt:Z‘S cos wt dz+2k§ cos ot dif (6-5)
Q 0 fa
YL, =318
B
(L)
i
(I ! (z)
s etpess
% | >3
' 1 i
I e 1 N ' & 1
--tz "'-t’ (] t/ tz

# 44 [ 3-channel mixing D &E2 %k B
Weighting function B(f) of 3-channel mixing

LELTIENTES, & 8T, kRS D ORREMREOHACK 5 46 I, 1D oH
TIOEETH Do (6-5) RHHLFHEZ XD

. o Sin wh sin (3wf)
K@) zhﬁi 5 SRk g, Sin o }

(6-6)
MELILS,

Kw)

i

#F45E EP DD B 3-channel mixing O K(w), k DEDEHS
Characteristic function K{w) of weighted 3-channel mixing
in case of k=1,00, 0,75, 0,50, 0,25, 0.00
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ViE, £=1,00 25k I, I, II Of% cover T 3 EMEOHEBICHYSL, £=0 2§
5E X OFEFTE cover THLDEHI D, kA 1.00 20 LOMOERESE, FHUXD
L5, HABRE OB TAC Lk b, WE, ZOMD Klo) OBEFE2H#EX
Licdic £=1.00, 0,75, 0,50, 0,25, 0 X755 Kl *»FHBELCHBLEHSROLIT
Tehe CORMBINB L5, £=1.00 & k=0 LTk, HEDI Klo) 210175 B F
DT 3l b, YRO T & Th %5 cover THHEADE L £=1,00 OFFA L D il high-
cut filter DMWEZ R LTV 5, +OREOME T, filter & LTo WHL KEHPHTLS
2 k=0.50 DEED L OHAESOISTTIE k=1.00 DLORFLL PTv5 o Lk ERET
NEThD, Tiobb, £=0,75 Lk=1.00 X LB e O, ToEEoBEIINEL AL
EARSY (R

BHOTDIT, bk OELET LA, Tiobhb k=0, —0.25, —0,50, —0.75, —1.00
D Klo) FELEL0RE4RCRLTHED 5o ZOBEIIZ—/ D band-pass filter ®
Wi b, F1LTC, k=—0,50 © ¥k XF LD L\ band-pass filter DFZ%E 7 L, pass HEL

#46 @ =E»DOH 5 3-channel mixing © Kw), & 0B OHEL
Characteristic function K{w) of weighted 3-channel mixing
in case of k=—1.00, —0.75, —0.50, —0.25, 0.00

DR T o DL #2/2 THBHA, OfEL k=—0.25, —0,50, —0.75, —1,00 T
BIFEAERE LI SO L 51 band-pass filter D4R L, 0=0 D ¥ Ko =1 T
bt Z bid, MTFTETOREMNS S ZRHEER/NETHE LChBDT, FHOBER
FHEC B TRHHERE & LG LA XV THhA 5. LisL, 2AEMAOESEH S O signal
BRACGROHT 3 5 RO BATL, HAWIRMEHINRE AL Lt 24, o250
FAHED B DD HRBHCEIE LT B X 5 7 b &, 2R b 0 i 5 i ik (il s
Z'J‘i) thﬁl\z‘a

PLoz &b, HESEEROBEERLHiHT 2 L 2w, B4 o0 mixing 2R L
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THETAZ Lk, BELOBALERCANRT, B HEO X 5 WEETEL T35, F
DOEED B OHE LCi0, 0.25, 0.50, 1.00 & L, BBROBEL LT bk OBDEYRVB~
XTHAHS,

VIL %, & 3 & B O RITE 0% & O 11

VIL 1 - o8&do RIMToBE

BUAHE A R & &, aE D 5 ISR LTI 2 WIS LTk, FoMB R/ ¢
THMIEDH BT LT Anstey? LIEHM LT A 2, AE IR ORI OWTHELTAHAL b,
FAEOR & 2i0id, JRHEAD S G SR\ TR, signal OASIL D
RELIgY, LervorERmaarmkomme 4 0 Th b EREEIc5, =D L Hales
& Edward” 23RTG LCEE LTS, Lavl, KHEAZEMNO &2 4 FE0 & & 0\ Uik
AbhB, FATND L 5 i HHEREL L&, —B FAHHCH D FRA S0 LAl

w47

Fedh B S, LTk, TOARABRELD, S, OABEOIIKRE G, F 10, FKHE
PAERE T 2, CoOBRLEMT D, ASA 6 IR LT XM s o
Libhs,

TN, BRCEBRAETS O L, HERIAIERE 2RAE Ol L i, B
T X 5 R B U, SRRSO ARHEEN D Tlod, ESEH oL e T B
DT, WEOBEIREEE Ui T3 bhWETh 5,

EREC ST AASEIL L SR TwL 5 0=sin (V/V,y) OBMRIK X b, BELE LM
EHICHMBL LOTEHRTHHN, BESOHBMARIE L TCHHS R, Lot
O, WEROBRLRD TR {AERH B,

HDo, RS COME Vii—#L3%, 4 RicRT L5, KIE oy
$, A% 0, SHUMAE 0, WA DERS E COERY 2, BRSO RAEIC T L
ORI % b, RENOEREY ¢t L35k, ROBEE DB,

Vi =4k + a1+ dhxsin ¢
@}z

1 @ :1,/4+(J;l—)’~.t4(_}f—)sin $
L (2-)22sin g

(-1

dxfdt IR OEETH B D
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~

-40°
- L30°
37 - 20°
4 A -/5°
5 -
31 /0"
.
51
q =
109 e 20 5 .

30° 40 50° 69

%548 ZIRE T 5 AT OME Ve 2RDE /=77 4
SERE AR, AR R
Nomogram for the apparent velocity Vi of receiving point; Solid line
corresponds to up dip reflector and dotted line to down dip one
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RIS

-20°

10

HOM FRECEY DRI OHE Ve 2RO 757 4
SRR AR, SRS R
Nomogram for the apparent velocity Vs of shot point; Solid line
corresponds to up dip reflector and dotted line to down dip one
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1 dx _Vap_ 1 (7-2)

Fio, AL ASAOMITIL o' =2010 OBIRIRDLND, BFERTO BT O g

¥ Vi 21752
Ve . 1
v sin 6’

SO BB OBE, HBH\ ik, LOALE, SRR & SRR OMERE ok (B
22 LT 2« oD alh A7), HHEOES ¢ L Ceolk 5 2bT 52125
LTH T iy, HES o PSS LT signal O N OFIEOIH RS 5 21md,
F 7oA T O RET OEE N S, B CHHESERT 5 BB OMEE Ve 2RD5 5
LA EHRITHS 5, B4\, Bl ok Bl ABE 6, 50V Vel V %
LD, B9 Rk i, B FER ok, HENCESER T O SHEMA 0, HE IR ViV
B rDThbh, WNED, SEHTAFNFTHOMECHD, SPIMBRITRO Mchb, F08
47 NTH L X 5 7o, ARMEEAIER L0 L L, Fofay N & Lo B rg
Bl 6, 0 BTHEE, ThbbROTOWTERETSZ LIE L

VIL 2 z 08460 &

BERBAME S TN TR Y 5, FIDK, KEEOEMEL, BB THE, 0%
BCIR &l DB E WA 2 5 2 L0 b HHHOES % 300 m, S LIRS
BEOCEES X COERY 600m 245, alh Offi 2.0 b, L FERsRG2THE
AT D VaplV=1.4, Thbb 0,246° ik, ZOBERIL V=V, 0,=0 Th
bo b L, EOMEN 2,140mfsec L+5 & V,=3,000mfsec ThH b, ZOHGE IV, 3
D 23~25 T ATHINTH D L, Ar=3m (B 24X) DIFCi% signal DT LAY
W TES, Lo L, d=6m (BE25X) i b2 40cps L ED signal X4 % ZHEIT
P LV, TS SEEE OV, 4) oW Th, #=25m Dl ReAh b B0z &2
5o

BlEDZ 213, ROZEEH2 Tob, BUORHBOMELMA V- & ZIE, B/
Wk ETY, filter FFEOKE VG BRER L USHERORE L2 ThE, HETS
b, SRR (L) ORMIPRIL AN X £, cover TAR ISR BT, FOfBEL<,
Al B R Lo Lo TR Ech b, RBINEEO X 51, B 2 FHRS
DFEERO R E N & X, FRCEETIBERD B,

RS a e 7o & &1, BREO X5 watid, ARES Bt 5, W E, 4k
=0.6, FHEOBEMAE ¢ 7740° 2L X 5, 848, 9RnE Vapu/V=2.5, Vep/V=1.3, *
7o Vel V=11, Vep/V=2.0 RDELNB, W F, EOHE V=2,000 m/sec LIFET5 L
8y, 07y, 0, 05, BILUO Vapr, Viepr, Vipe, Vieps, T EFEIFED L 5 5o

2 1 x

B om OB (EEN) | S LA R IR
| i
| Ve & Vape [0 20,1 Vigy & Vigp [0/ &8,
| (m/sec) | (degree) (r{l/sec) | (degree)

%M H | 5,000 2 2,200 &
BB A B 2,600 50 4,000 %
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B & AR, TR 9 MOBHB L 5 OSBRI S TRE L TAL 5, 3, B2
BOBENBRD5 MR TR ae=5m Bl icic 5 & signal OZFER kE T b Sp5
FICIE BN O Vop IHMAXVWOT, HE o BT SIS oGRS
PRl U TR LRI dx=15m DI/ s o 38 UL Mol BRH M LCIL dx
Z20m TR LT <o DX 5T, FAHNEBRARCH LT, BERE SR
signal DIJHRT2 filter FIFAFRCIRT 5 & k13, AENOMEYRHAT I IED
FTARECERWMAL TEE U W F, split spread K\ T, HZEL LT M=9, 4r—1
m, ZHEFEL LT M=5, dr=25m %H\ick4%, ZOBErd, BEHRCO signal
DEFHRIFFCRE <, BRIFHTIIDE v LT, BRFH TR DR ) BT A
FCht signal 23RN FENCIA 3 WAL Lic ), ZoWB0 BEA Lot b5 & L
HWED 5%, 2D 2T, ZORNFCE S UHBOTELHEET AR FRLS S,

WidEFE (end shooting) @ spread Wi\ T RO = kv 525, 0BG, & L&A
RA RS T 5 ER, 2IEROW L, BAFIET 350 2 2B S 2 THL A7
DUE, FFoORBEART S & L ITERECh B,

VIIL %5 & 3% O 3ff &

VIIL 1 ARk ongd:

Z DEDYEY, Leonard'? 7% random energy >*Fil, %7- random noise * %\ >3 £
DTHBo LivL, TOWEHL FCLHEMRL DT, ok LS H I b B L
RS, COBOWLELBZENTE D,

OB DL TED T E b BT o L 3 itk 510 Klipsch Th %, KCihe
P THLLEBEL L5 o FEs L0 B BUC, oo ffin{Emchs 45,
random walk OFffH: LT, MADSRBROHAIORN 7 X D/NS L AR RDE L
WTCED, \VE, FOWESL P LdaL

P=1—g2/M (8-1)
Licho WAy 7 5L
1 oy
7=\ rdp:ﬂiﬂiza =0.8861/37 (8-2)
0

ERD D, FLC, r=r D, Thbb ¥l L b LRX RRIc /s 2R304, 0.45 10
he i, VLD L 1.5 5N OB/ ATERIL 0,16 L3RD BB, W E, —
il 7 LEIREOMBM & OBHRLY D cic, (8-2) b FIMED L M Lo Bgy
RDOTHL 5, $H50XOEML, TOBEREZELTVL2, CoMnbbnb X5k, #M
OEZ 0.2 I Fitie B0 M=25 Bk, 0.1 MF s icit M=80 [kl bl
Tebitle Lind, R X 5 WEE 7 LIS AR 0.45 Th B b, EaEs
MRS % & 1.5X#M DEAPFEROWDPRE L Fate FRL ot Lhvit, oBEa
vE, 250 KO BT BB X 51 0,2 b X8 5 7o cis 50 o SER A A58 L, 0.1 0
72301 200 M BA_E O SEIRERWAEE T h B

Klipsch & ORI L, FER LR THD - L& B TBhe L, 10, 2 @R\ T
HRAFE &5, BRI & SAUEFE L A AT, SRR LT oA IIEHIM X N
THLHNIBEERLL L ThD. b L, BRILOEY 57, PIRE O L T 46 o TEN

212) 7 3 M 2B T B Lk T 500, signal & BRI 7M 2T,
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3 & /o 3o Exz 100 200 300
n

%50 @ FEE AM () & 1L57/M (A o

Reduction ratio of random noise—#/M (solid line) or 1.5 #/M
(dotted line)-—against the geophone number M

s h, SOBEATREDRRE LORRF0.2RETH S,

L Eo@EEmck Tk, HomE, B~ Tthir i Lie L, HosREM LT
TRIRATHERMIC 8 TH 5 & " F\WHES 7 (white noise) kigh, ZTHAF ¥ A DK T
FEhIRB XL U HY RS (gauss noise) LERTRTWA, Lisl, FHEEBECENT
PR RARSE LTL B L OREWEES ARG LA THY, bbby y
AR S D B R BNS,

COWOEBLERIESD 5 2IT Smith?? OFEEHNAT b f O W & LT f B LTO
power response %F2 5 Z LoMIRITH A (R IIIHE), LT, FSMD cross-correla-
tion FRECA SR IE LT, BEEMEABERNCEDL L, BOEEY BET D FErEr s
Nb, LaLl, chboFEEEHL0L0L LTHLRIL, SHES { opffadEms L
U

VIIL 2 B A o i &3k

Z OFOETFREN, SHEITH, SHRHIE, air coupled wave, #57¥%, hole blow 7c ¥
PHIBENTHE, CRED S BT, EORHEE LTI i 5 202, Lo M L EFE
W L L BB KEEOBFC L h &ET Aoy, KUl cammeii~<s s
Vs Te O B SR A AR L T 5, 2D 12T Reeves Country, Texas (T3> Dobrin
oy OEBOFELVWIENRD S, JOWKE IHE, FEOPHEAYERGCTE2EDN LS
S EEHOMWABINSI T D,

FIRCHE < 4,0 & 1T multiple reflected refraction 23E. 554, FORIENL 0.9~0.6
sec ThHDOT, FWAEOFRMRE Tt E B LA CERI R ThA 5, ROFEHFXR
7o ST DNTHFEEECH Bo 853 OPT H- HEEO B R E R 7GBUHEBO R R
FToWchs, coiy, o EUMEBO LT LTS LT RE { Rbhah ot
HhHo T OWEOREEENY 18cps T, FANEDREE e v iR b b, BB A LH
WHchs,

54 » Rayleigh J% (1) 02\ Tik, COREEN 12cps €, #IEAF) 400 m/sec T
% Rayleigh % (2 ) (3582 3.6 cps TIERK/N SV O CHBE T 208 V- L HbN 5.
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% 25 (after Dobrin et al, 1954)

o o e | R omE
2 TE!:Elreqﬁlaenc;{%c Apparent
Name of waves (cps) y velocity

APRITR L TR - (m/seC) ——

1 multiple reflected refraction 1.7~1.1 2,300~3,500
) refracted shear wave (38) 1,900
3 normal-mode propagation 18 970
4 Rayleigh wave (1) 12 390
5 Rayleigh wave (2) 3.6/ 4} 440

) MEOTIEHE shTrReS, FHEAMY BAB L (D ERFRTTCH B,

DX 5, OB TBREIOEE: LB/ 0{3) L (4)D 2 TH T, o
POEBLER THEIEE Thb, R, ZhbOWIESRNO filter [HIIE, HIITH IO
LB Lo il T E S vk, BRI AEENCOWTREBEL X 6

VIIL 3 TEridcisit 285k

HIN334E 3 H, ZOUNARMERSTRRR R (m WAL i C, #EFEA ki L
T, REHBEET5 2,3 O v, ©OMFEE L —#c BRIt o089k
ML too R CHhEHET5,

RN TR o wiEde, KB X oI, RSBk S sidEch s,
5O RO FEHED Bl LT 17 A9t BRTn 3 X 51, TR S\iew,
split spread TiT LV iRV CH B Tk, RN A OFHFOE» B, B=KE
DI 800m TH 5B &AWL T 5,

= DR G R, FR-1(ET.L, 8 BB ) eSO Rt ©
bhe ZOERTORLIEOEGESED filter (out-220 cps) % HVy T4 L1=54E 2388 51 [
Thb, TOREPBLHELIRL S, O signal 1LIFE AL BHT5 2 LIRTER L,

BRI D F—

reﬁei:tisn

[
|
:

#51 M wyIFcis o R0k, &b Lo filter (out-220) f#)E
A record of experiment at Ryfigasaki test field with the
widest band filter (out-220)
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reﬂeiztion

52K HEBIREACL oREMEO filter (21-40) % v TH A L il
Same record as Fig, 51 with suitable filter (21-40) for signal

ol

012

forc)

4007 S0m 610

53 #E51 My bIEBN IERRK

‘Time distance curve calculated by the record in Fig, 51
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Livl, o filter, #2& 24¥ (21~40cps) ZHI\ 5 & (8552 [KEHR) 0.9 sec BirIC signal
HEED BRI BN trace 20~24 WHITTIY, =@ signal FIEFICELEh 0B, ZHUTEESI X

DFEN BEA bR X 512 10eps PSL OB L D IFCEL A Wb 0L Barbhb, 20
FiEED trace 1~24 b HAMERIA{ES LESBNO L S Kb, SO 10cps 4D FEDHE
i, TORDOESTUL 1,250 misec CEIEID FEHRE FATL T 5, Linl, ZOEIIKE
CEDHELREL, 253 OITi 900 mfsec BEEC B, = OLHRYED FE TH 5 it
FHATH %A, multiple reflected refraction & & -FHHE 5,

Trace 20~24 1}, TEZ O IFEEC 22w, 4§ signal 258LERBEHCH 25 DT,

Z DG CRERIER L UG FUBFEO R LT, BEIODHER OB T D3R A5
L LT, #RRIEE U 9 MoOBEWIEC, TOMEY 1m, 3m, 6m @ 3§, “ILC single
R THE AL IIRT 5 - L Lice

SFHHEL O AEE LT, IS 15m OFSI50 5 SUiFe sy Alv i, S0k 51015
Ly RO L5 B ROMACRIED T LNTE B,

% 3 =
Pattern shooting ’ Geophone setting | Filtering
single single out~220 cps
5 cross shot holes : 9 geophones 15~ 28
| 1lm
4x=15m ! A4z 3m 21~ 40
1 6m 21~ 56

KicsF ol FR-1 o filter Bipka fd LA R TH L. 4, WEHO RGO
FErIH 1,000 mfsec ThHDT, AT BB L SIS0 PHERE K (o) RFHL
TRLEESBRD L 51,

AL DR A2 €, RIEMDNICTEY R 5. Bl e L0, Biito L 5 21~24
450 trace O\GTCHANIDTHBMN, FD 100 24FHD trace & LT, 3%
AR oW TR L 70056, 57X Th 5,

556 RUTI—IRFED B A ORBAREC, BT RIS BRO BE0 LD THh 5, 56T
FhHie o ki, 0.8~1.0sec T @ WiEEYE): single, B 1~3m TiibE b 14
LENHEDH, 6m OBHFCEND ISMEBRINRTWEZ L Thb, 856 RN+ 5

EOERE, T Flo) » Kilo) %Rt L 028 58~61 I Th %,

ZORMRE RS L, RENTOMEE 1,000 m/sec DTG ORSYERO SR L < b B,
2k 20E, single OB E 1m BEOBERTOEA L T filter & L T OEMEIC 3213701
A, TR R X R Tw %, [BiiE 6 m OBEREB ORI oG e Bic b,
58 OB G & RE | Kl | offitk#F 02 BEThL, cOC 2i35YELTH 0.9sec fff
WD signal 23pis W B C X E—FT 5,

SFIRROLE O, 857 T A5 Flo) « Ko} « K (o) 2550 L1008
62~65 R Th B, —WIC | Klw) | OfIT HE < Inb s HoaNOBEIL, 0 T
0.05 T s, LicsvoC, JHEE 1,000 m/sec D BRIOYRIE v Bl T3 S-N iz
W0 FEY RERE B IR A,

fik, BOERC oW T, o RN OMERL 5,000 mfsec Bl LIS B0 C, K4} signal
DAY A LRERIUTHS 252 bis filter (21~40) OBGITIL, FOERHIITE A
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trace 21 trace 24

or o8 09 19 B 0z 08 I 10 11 ‘e
Gro- Pat- Fil- Gro- Pat- Fil- i \ £ i g
up tern ter up tern ter

s sy ANV s tm gy e TN
00 & ¢ g
e R Y T o —
B 5 2 /\/\N/\/\/\—\/W S 15m 15—28

- B I T O
B BRI S 15m 21—40

5 i 2= S 15m 21—56

1m S 03‘:220 1m 15m _o_uzt2
m S 15--28 Tmelbm I8 ———————— N e T
1m S 21—40 1Im 15m 2140 ——rmmemrmrmea NS N NN N
o, & B Im 15m 2156 A U e A A
3m S %o R O , ,
3m S 15-28 A Y.
3m S 2140 3m 15m 21 4) e\ S N oA S
3m S 21-56 3m 15m 21--56
om s Oy "
6m S 15—28 6m 15m 1528
6m S 2140 e : LV ' 6m 15m 21—40
6m S 2156 /\AMMAAJV\/V\V\/\N 6m 15m 21—56

56 B—RRTEEOBRBREL filtering 57T ZIEFHE (dr=15m) CHEEOHRE

VR &0 trace 24 OIFEK & filtering %#Jivic & & © trace 24
DR

Records of trace 24 without pattern shooting used Records of trace 24 with pattern shooting (4x=
multiple geophone settings (dx=0, 1m, 3m, 6m), 15m) used multiple geophone settings' (4x=0,

and four filterings 1m, 3m, 6m) and four filterings



53

(8g~G1) IX3I=3

I 65 %

¢

20

€0

1Y

50

g0

L0

80

60

i

SuLIe)[ JO UOIIOUNJI OIISIIa}
-dereyo=, pue 3Jurjjes suoydosd sydinur Jo TOLIOUNY D[}SLI9]
~0BIBYD=1y oIoUm *(0Zg-IN0) . X 'Y =3 UOROUnJ OISLIO}oBIRY))
W@ Uy B o FEEHAo (B WEEn W
(082-100)f X M =M B4 [H8SH

05 ar

T

<0

vo

G0

90

LQ

80

60

07

@y



54

(96-18) AXH =Y R I9¥

=3

(07~18) of %X

D=3

co

10

>




55

(82-CT) AXIXDI=Y K €I

Ho

{10

80

()31

Surjooys uIvljed JO UOIJOUNF OWSLISIOBIBYD=13]
e18UM  ‘(0Z2-AN0) o X XY=
VT (FREE) FIED
(06g-1m0) JJ X x =3 [H?29®H

QL 9 05 op og 0g. [4]]

€0

1€0

40

150

190

L0

180

160

407

(>



56

U

(96-2) IXIXY=Y F9%

120

Y0

o7

{3

(O7-18) IXIRY =3 I5 79 3

(=1



trace 24

Group Pattern Filter ° > 1o

s S 2140 /\/Wv (\Jw\/v%xv
Im S 2140 WV\I(\WV\/\A/

3m S 21—40 \/f\/\/ L/\\/

6m B 21—40

S 15m  21—40

Im 15m 21—40

Smo Bm 20 e A A N\ e

6m 15m  21—40 NMMWM
# 66 ¥ gignal kcxt L CE o filter (21-40) % v, ST
BIXOSHEOBRBEBELIH-EESD trace 24 Diték

Records of trace 24 with most suitable filter (21-40) for
reflection signal in case of multiple geophone settings
(dx=0, 1m, 3m, 6 m) and pattern shooting (4x=15m)

I BV EER bhs, LicHioT, filter (21-40) O ZR AP BED trace 24 Ofd
B gD 1o g 65 N LThiF Tl ize & ORI bR Z 2 1% 0.8~0.9 sec MiiED
VBB DR H3 T O 4 D OFHR T L RS R, FRCREO b O TRESEN X (RbT
W,

0.8~0.9sec HIEOTHEE O L\ 5 DX, A7z 10 cps PIFFOIED 7LD 20~40
cps DESFD = L&\ 5 D Th A, & ORI BT 5T, trace 24 O filter (out-
220) DGR (B56 XDO—ETFTOHED) DAY bR FHTAHRS LE 67 OO X 5 i
Do LIS NS L5, 8cps wHUD & LIIRCIR O SEEEE R, B s OISR
Thbh, FRERLT, Fh5~10 YREOH  BianEy BlEcd Aohb.
OB O b D11 1,000 misec D BENTOHEEL 000D D, BT T
ThBEH, HYEDOLOMNDS LEL BN, = OUERBEH L C filter (21-40) Z Al iUl
BHEOBFPBEIND, DT 21T, MROT 2 Th 525 10cps BT OB PRI OE
AL filter L X DIZE A XTEEINRD Z 2 EHE L TR W T LL, Shickh =
N ECHIENYNS U energy % & 0T 20~40 cps ORI, HHRCE AR DK
Xleh Db, LicsioT, & L signal OFEsr» (signal OFLEEAEENT 30cps & FE2
LRAHDT), HERORS LRERT, L, HE Wi, signal ok BECH S
5 M@ 6m OFFHIE, 15m OIS vk & OIFRIEORSTIE, BWEBoRrTh
Lo THhpBH LAY 51T, signal O L€, BLERE Mugd 20~40cps OO
B ORIZL NS B, SR 66 kT 5 X 518, BEO MCkWTEL
< signal PBHE R o BHTH B,

BRI Z Lavh, 1 00OEELHEHNOEESH LN IR b, Tk, fERUELIEHE
RiT, SRR MHTS & ¥, PREOWE (R T%) o3 oMk, XREbH 5
CINBRH A S SR b IV E bR T E T, Linl, L0 ERESLLHELL LS
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Kiwy

Fioat 220

Fi21-40}
KoK, F(21-40)

0 0 20 90 2w 6 70

#67 %51 Mo trace 24 DR« B (filter 1T (out-220)

wHH), filter (21-40) %P8 L7z & 2 IKiZBHESHS © X
Sk U, BB (dr=6m) I X LB (dx=15m)
EHALZEZARECEBEY) SR LE BSO X 5K Wb ¥
i r{fs,

Component of wave noise (gpectrum of trace 24 in Fig. 51)

becomes smaller and smaller by using the suitable filtering

(21-40) and by the combination of the suitable filtering,

multiple geophone setting (4¢=6 m) and pattern shooting

(4x=215m)

1, WA W0cps DAFO X 5 W IREI OB, 10cps UFORSMT, 12X 2 F DS
MRELTE filter I LD k¥ HEER, signal CXHLTHET 24013, FoliRED
2 READSTC 75, signal ORLERIEBITIEORGT Ch B, LiciioT, & 0RO
BOBCERE, BRALSHETHCLBETHH I
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Some Aspects of Multiple Geophone Setting
and Pattern Shooting in Seismic
Reflection Prospecting

By
Tetsuichi KANEKO

Abstract
Introduction

Since Born? presented a paper on a multiple geophone setting and pattern
shooting, many papers on this subject have been published, In this paper, we
considered synthetically this problem from many points of view, namely (1) physical
meaning of them and theoretical relation between them, (2) distortion of reflection
signal, {3 characteristic function K(w) which shows the frequency response of these
operations, (4) weighted multiple geophones or pattern shooting, (5) characteristic
function combined with mixing, (6) notes on the shallow or steep dip reflector, (7)
elimination of random and wave noise with experimental study,

Theoretical consideration

A seismic pulse generated by an explosive may be regarded as an input
signal to a filtering circuit which is composed of ground and instrument. Then the
wave form on a record will be output signal from this circuit, And operations of
multiple geophone setting and pattern shooting could be regarded as two filtering
circuits, The relations between seismic pulse, the ground as a medium of propaga-
tion, instrument and operations of multiple geophone setting and pattern shooting,
are schematically shown in Fig. 11. Because these filters are connected in a series
circuit, the combined characteristic function for the whole system is given as the
product of each characteristic function, Namely, when the characteristic functions
of multiple geophone setting and pattern shooting are denoted by Ki(w) and Kilw)
respectively, the combined characteristic function K(w) is expressed by

Klw) = Ki(w) - K:(o)

and
M-1
Kl(w) — Z tlkej‘”k"n’l
K=0
Ki(w) :SZ hglwsdte 5
where M : number of geophones

a: : weighting function for the Kth geophone

N : number of shot holes

bs : weighting function for the Sth shot hole
The synthetical number of this system is given by the product M X N for random
noise,

Distortion of the reflection signal

The distortion of the signal wave form by the use of linear array of multiple
geophones is investigated for two cases: the case of the given spacing (with various
number of geophones) and the case of the given coverage.

As a reflection signal we use the Ricker’s wavelet of which wave form and
gpectrum Y{(w) are shown in Fig. 13 and Fig. 14 respectively,



The case of given spacing :

The distortion of the signal wave form is illustrated in Fig. 15. This is com-
puted for the spacing 1/900 sec and for M=2, 3,......, assuming the breadth of Ricker’s
wavelet as 2/100sec. The relative height, namely the amplitude of composed
wavelet, decreases with number M, and its predominant period increases with M.
The general feature of the distortion will be seen from a family of characteristic
curve (frequency responses), shown in Fig, 17, which correspond to the above com-
position, Therefore approximate attenuation of the amplitude will be estimated
from these curves taking the values of frequency response at 50 cps.

The case of given coverage :

The distortion of the signal wave form due to the given coverage is illustrated
in Fig. 18 and Fig, 20 for the cases of L/Vap=12/900sec and L/Vap=6/9C0 sec
respectively., The characteristic function K(w) in this case is given by

. ML 1
s (=1 M~1 Vap
Kla) = ( i 1
M sin | zf M1 Va.p_

where Vap is apparent velocity and L is the coverage length., The characteristic
functions for the above cases are computed and illustrated in Fig. 19 and Fig, 21.
From these figures, it is noticed that multiple geophones method causes a remark-
able distortion of signal wave form in case where a few geophones are used for
low apparent velocity.

On the characteristic function K(w)

The characteristic function K(w) has been expressed by many formulae,
When emergent or incident angle of ray is used as a variable, the formula of K(w)
shows the polar sensitivity as stated by Johnson” and others. And when wave
length or wave number is taken as a variable, then it becomes problem of filtering
for wave length or wave number, In this paper, we expressed K(w) by four variable,
f, M, 4x and Vap, since frequency f and apparent velocity Vap are read directly
on the record, and since a curve as a function of wave length is spread into the
family of curves showing more explicitly the effect on one variable Vap or £, Klw
is expressed by

sin (nfM ‘;Z) )
) :

A curves of K(w) is illustrated in Fig. 22. This curve demonstrates that frequency
response is a low-pass filter and varies with apparent velecity. In Figs. 23~31,
many curves of K{w) are illustrated for the cases of linear array of evenly spaced
nine geophones (da=1m, 3m and 6 m) and for the cases of cross pattern of five
shot holes (dx=5m, 10m, 15m, 20m and 25m).

For the quick estimation of the cut-off region, a nomogram is made for the
relation between M, dx, Vap and f; (cut-off frequency)., The fi relates to other
variables by the formula fo M 44/Vap=0.5 when the first crest of K(w) in Fig. 32
is replaced by a cosine curve. Fig, 33 shows the nomogram based on this formula.

Examples of combined characteristic function K(w) are computed for the com-
bination of nine geophone setting (dx=5m) and cross five shot holes (4x=10m),
Fig. 34 shows the case where apparent velocity at the receiving point and the shot
point is same, and Fig, 35 shows the case where apparent velocity is different,

Kw) =

; dx
sin ( B Vap
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Generally speaking, combined characteristics is better than each characteristics,
because crests of higher frequency region become flat and small value,

Weighted multiple geophones or pattern shooting

When a large number of geophones or shot holes are used, the characteristics
of them will be approximately treated by those of infinite numbers., And the rela-
tion of K(w) and the weighting function B(# are given by

K = | B o dt (6-2)
and .
B =1 |, K cos ot ar : (5-3)

if B(?) is symmetric,

Let us try to simulate three model filters {a), (b) and (¢, which are shown
in Fig, 37, by proper weighting function, Weighting functions for these filters are
obtained from (5-3)

.t/ sin wef
(a) By = -2 (it
v | 50 o ket sin - (1—a) l
(b) BO=-, {— b o
5 (1+wed) _2“'(1‘“'&)019 l
@ w0t

These weighting functions are shown in Fig. 38. As is seen in these figures, an
infinite length of coverage is demanded to simulate exactly these model filters, And
this is net practical to be used in the field. Therefore, let us see how the charac-
teristics of the model filters vary when the finite coverage is used. The charac-
teristic functions for the finite coverage is obtained from formula (5~2) by limiting
the integration range to o—#;; # is shown in these figures. Then we have

) 10 = Ho (42 +5am -2}

(o) 0=t em © g (122 )+ 22 )]
sl 3 (- Yammd] -8 § (4.2 )o- o0l
oo 2ol (e & Nawwdal § (1o 2 ) o)

(&)

~alg -2 i)l 50+ ) (- wd)

These curves are illustrated in Fig. 43. These curves show that frequency responses
are almost satisfactory, even though there are a little difference to model filters,

As regards weighting method, Parr'® and Savit? presented several weighting
functions as illustrated in Fig, 8 and Fig. 42. It will be seen that Savit’s weighting
function is very similar to that of type (c) of the above model filters,
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Combination of multiple geophone setting and mixing

The characteristic functions for 2-channel and a graded mixing are obtained
as follows,

K(w) = cos (nf Vii;)

Kw) = %{ cos (ﬂf 'é{;) +cos(37rf V}i—l_)-l-%( cos 5zf V}:;)

1 X }
+ 4 cos(?rrf n )+
where X is distance between receiving points.

In similar way, the characteristics for 2-channel and graded mixing with linear
full spaced M geophones between receiving points are obtained as

K(w) = Kgl cos [(2K——1> af :7’:;; ]

+ ; - 321:51 cos[(”K 1>7¥f ]

2 Y

ap

Klw) =—— { cos [(2K 1) ""f

1 4M
% cos [(2m—1 )?rf
4 K=3M+1
The characteristic function for the weighted multiple geophones shown in Fig, 44
is given by

. sin wh sin (3w#)
=47 g ) B @R oIl (Db |
Klw) = 2 {(1 k) S v }
where k is ratio of weight and # is L/2Vap. Fig. 45 and Fig. 46 show the func-
tion Klw) when £k are 1,00, 0.75, 0,50, 0.25, 0, -0.25, -0.50, -0.75 and -1.00,
respectively.
This combination system could be used with magnetic recording seismograph.

Notes on the shallow or steep dip reflector

It is necessary for the party chief to know that the distortion of the signal
cannot be neglected when distance shot point and spread is relatively large com-
pared with the depth of reflector, The quantitative estimation of amount will be
made by the above shown figures of characteristic function K(w).

When the reflector’s dip is steep, apparent velocities at the receiving point
and shot point have different values. Therefore the distortion of signal is not so
simple, With regard to the apparent velocity at the receiving point, this velocity is
easily obtained on a record, But it is not easy to know the apparent velocity V'ap
at the shot point. The apparent velocity is given by

’/‘;( k) 5 )sh”s

( 2 ):EZSin;é

where x, # and $ are parameters shown in Fig. 47.

This relation is made into nomograms and is presented in Fig, 48 and Fig.
49, Generally speaking, the distortion of signal in down dip side spread is mainly
controlled by the characteristic function of the receiving system in steep dip area.
While the distortion of signal in the opposite side spread is controlled by the charac-
teristic function at the shot point,

Vlap =V



Reduction of noise

(1) Reduction of random noise
Klipsch'® attacked this problem from a statistical viewpoint. He stated the
average value T (expectation; as follows,

i S:rdP

— "

= 0.886 V'M

where P=probability of a resultant amplitude less than r,

r=resultant amplitude of a large number of isoperiodic vibrations of arbitary
phase.

The probability of occurrence of this value is 0.45 and probability of 1.5t is
0,16, Therefore, let us take the value T/M or 1.5 T/M as a reduction ratio of
random noise for number of geophones or shot holes, Fig. 50 shows the reduction
ratio against the number M.

(2) Reduction of wave noise — Experiment at Ryiigasaki test field

An experiment on the reduction of wave noises was carried out at Rytiga-
saki, Ibaragi prefecture in March 1958, The test field is covered by rice field and
damp ground. It is difficult to pick up reflection signal in split gpread.

Tnstrument used in the experiment was FR-1 magnetic recording seismograph,
Fig. 51 demonstrates a record obtained by the widest filter band (out-220 cps).
Reflections are not seen on this record. But a reflection signal is recognized in the
vicinity of 0.9sec when filtered by 21-40cps band, as shown in Fig 52, This
reflection signal is disturbed at traces 20-24 by the wave noise of which frequency
is about 10 cps and velocity is 900-1,250 m/sec as shown in Fig. 51 and Fig. 53, In
order to investigate the effects of multiple geophones and pattern shooting, we
planted nine geophones at traces 20-24 and used five cross shooting. Combinations
of geophones, shooting and filtering are shown in the Table.

Table
Explosion Multiple geophone pattern Filtering (cps)
single single out-220
five cross nine )” im 15-28
shooting geophones 4x:. 3m | 21-40
l 6m | 21566

Fig, 54 shows the filter characteristics and Fig. 55 filter responses of these
multiple geophones and pattern shooting., Fig. 56 and Fig. 57 show the trace 24
which is filtered by electrical filter, multiple geophone setting and pattern shooting
according to the above combination. And corresponding characteristic functions K{w)
for the combination of Table are illustrated in Figs. 58-65. Correlation between
figures of trace 24 and corresponding function K(w) shows the reasonableness of the
theory developed in the above chapter, Namely, component of the wave noise be-
comes smaller and smaller by using the suitable electrical filter, multiple geophone
setting and pattern shooting as shown in Fig. 67.
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Summary

The results obtained in the above chapters are summarized as follows,

1) The combined characteristic functions of multiple geophone setting and
pattern shooting are presented as a product of each characteristic function,

2) The approximate attenuation ratio of amplitude of the distorted signal is
obtained by the characteristic function of these methods,

3) The characteristic function K(w) is calculated for the linear array of evenly
spaced nine geophones and the cross pattern of five shot holes,

For the quick estimation of the cut-off region of the first crest, a nomogram
is made for the relation between geophone number, spacing of geophones, apparent
velocity and cut-off frequency, The combined characteristic function of multiple
geophone setting and pattern shooting is generally better than each characteristics.

4) Five types of variable weighted multiple geophone setting or pattern
shooting are compared. The exponential pattern seems to be the most ideal one.

5) The characteristic functions for the weighted 3-channel mixing combined
with linear full spaced geophone are calculated,

6) In the steep dip area, the distortion of signal in down dip side spread is
mainly depend upon the characteristic function of the receiving system, the other
hand in the opposite side spread depend upon the function of the shot point.

7) An experiment on the reduction of wave noise was carried out at RyTiga-
saki,

It seems that the results obtained in the test field shows the reasonableness
of above considerations,



The Geological Survey of Japan has published in the past
several kinds of reports such as the Memoirs, the Bulletin, and
the Report of the Geological Survey.

Hereafter, all reports will be published exclusively in the Reports
of the Geological Survey of Japan. The Report will be consecutive
to 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 convenience's sake,
the following classification according to the field of interest will
be indicated on each Report.

‘ Geology

Petrology and Mineralogy
Paleontology

Volcanology and Hot Spring
Geophysics

Geochemistry

A. Geology & allied

sciences |

Ore deposits

Coal

Petroleum and Natural gas
Underground water
Agricultural geology
Engineering geology

Physical prospecting,

Chemical prospecting & Boring

B. Applied geology

Ppap e O RN T

L

C. Miscellaneous

D. Annual Report of Progress

Note: In addition to the regularly printed Reports, the Geolog-
ical Survey is newly going to circulate ‘‘Bulletin of the
Geological Survey of Japan’, which will be published

monthly commencing in July 1950.
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