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A KOzOS 3IELYSEGPONTOS (GDP) ESZLELESI RENDSZEREK
HATASOSSAGA AZ OFF-SET, VALAMINT A TOBBSZOROSOK
SPEKTRUMANAK FUGGVENYEBEN

BODOKY TAMAS*—GREUTTER ANTAL*

T. BODOKY—A. GREUTTER

THE EFFICIENCY OF CDP SYSTEMS AS A FUNCTION
OF THE OFF-SET AND SPECTRUM OF MULTIPLES

The attenuation-factor (®) of split-spread and end-shooting CDP systems is cal-
culated as a function of the off-set and frequency-peak of multiples. In case of spectra
encountered in practice, ® maximum of a split-spread system is sensitive to changes in
the spectrum, while that of an end-shooting system is insensitive to them.

T. BOLOKWN-A. TPANTTEP

3ABNCVIMOCTb 3®®PEKTUBHOCTW CUCTEM HABMOAEHWN MO METOLY
OrT OT WAIA CENCMOMPVEMHVKOB W OT CMEKTPA KPATHbIX BOJIH

ABTOpamMu Gblna NoAcHUTaHA 3aBUCMMOCTb 3NHPEKTUBHOCTU MOAABNEHUS KPATHbIX BOMH (D)
npy cucTemax HabnogeHusi no metody OFT ¢ MyHKTOM B3pbiBa B LEHTPE U B KOHLE CTOSIHKU OT
Lwara celicMoNpUeMHMKOB 1 OT YacTOTbl KPAaTHbIX BOSIH. B MpakTWueckn HaGMofaeMbIX CNeKTpax
MaKCUMYM (yHKUMM ® A5 CUCTEMbI C MYHKTOM B3pbIBa B KOHLIE CTOSIHKM He 3aBUCWT, a ANs Cu-
CTeMbl C MYHKTOM B3pblBa B LiEHTPE CTOSIHKW —= 3aBUCUT OT W3MEHEHW cnekTpa.

Ez a tanulmany a Geofizikai Kdzlemények XIX. kot. 1—2. szamaban
megjelent ,,Az optimalis teritési geometria meghatarozasa kézos mélységpon-
tos észlelési rendszerekben” cim@ tanulmanyunk Kkiegészitése (Bodoky —
Gretjtter, 1970).

El6z8 cikklinkben a kdzds mélységpontos észlelési rendszerek hatdsossaga-
nak mértékéll a tébbszoros reflexiok energiajanak az dsszegzéskor bekdvetkezd
csOkkenését, tehat az 0sszegzés utani, ill. az 6sszegzés elbtti tobbszords-energia
aranyat vettik. Bemutattunk egy modellszamitasi eljarast ezen arany (®)
kiszdmitasara.

A kézirat beérkezése: 1969. nov. 1.
* Eo6tvos Lordnd Geofizikai Intézet.
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A szamitas eredményeként nyert 0(d) gorbékbdl eldonthetd, hogy a (7-vel
(,Roll along™) és a J1-vel (Mayne-féle) jeldlt rendszerek tovabbi vizsgalatanak
— e rendszerek csekély csillapité hatasa, valamint 6sszegcsatornaik sokféle
tipusa és az egyes tipusok sz(ir6hatdsa kozott jelentkezd erfs eltérések miatt —
gyakorlati szempontb6l nincs sok értelme.

Ezért tovabbi szdmitasainkat csak az A-val jeldlt kozéplovéses és a 71-vel
jelolt végpontlovéses rendszerre (ahol a robbantdpont a terités utolso geofon-
jatol egy geofonkoznyi tavolsagra van) végeztik el.

El6z8 cikklinkben a 0(d) gorbék kiszamitasakor olyan waveletet hasznal-
tunk, amelynek spektrumcstcsa 47,5 Hz-nél volt. Tekintettel azonban, hogy
egy kozos mélységpontos észlelési rendszer(i mérés tervezésekor nemcsak az
észlelési rendszert és a geofontavolsagot valaszthatjuk meg szabadon, hanem
— a miszer szlr6inek beallitasaval — bizonyos mértékig a felvételek spektru-
mat is befolyasolhatjuk, a 0(d) gorbék kiszamitasat olyan waveletekkel is
elvégeztiilk, amelyek spektrumanak cstcsa 10, 20, 30, 40, 50, 60, 70, 80, 90,
100 Hz-nél van (1. &bra).

Az eredményeket diagramban abrazolva a vizsgalt 6sszegcsatorna-tipus
0(d, ouex) feliiletét, vagyis az dsszegcsatorna tébbszérds esil lapitasat nyerjik,
az off-set és a tobbszords csucsfrekvencidjanak fliggvényében.

A 0(d, aarey) flggvény tehat nem tekinthet§ szoros értelemben vett
0(d, oo atviteli fiiggvénynek, mert a frekvenciatengely corexértékei nem diszk-
rétek, hanem egy gmax maximum hely( W(co) wavelet spektrumot hatadroznak
meg. Mivel azonban a gyakorlatban soha sem diszkrét frekvenciaértékekkel
van dolgunk, a 0(d, comex) fliggvény a gyakorlati munkaban jobb segédeszkdz,
mint a 0(d, oo) atviteli fuggvény.

A 2. és 3. dbra az A rendszer két Osszegcsatorna-tipusanak, a 4. abra
pedig maganak az A rendszernek 0(d, comex) fiiggvényét mutatja be. A B
rendszer 4 dsszegcsatorna-tipusanak 0{d, corex) fliggvényei mind egymashoz,
mind pedig a teljes rendszerre szamitott 0(d, we) fliggvényhez nagyon ha-
sonlitanak, ezért csak az utébbit mutatjuk be (5. abra). A teljes rendszerre
szamitott 0 fuggvényen a rendszerben szerepl6 24 &sszegcsatorna 0 fliggvé-
nyeinek atlagat értjik.

Az el6z6 szdmitasainkbol nyert 0(d) figgvények vizsgalatabol kitlint, hogy
a tobbszoros reflexiok eltavolitasara a B rendszer a legalkalmasabb, mert ez éri el
a legnagyobb csillapitast, ez éri el maximumat a legrévidebb geofontavolsagok-
nal és az ebben szerepl6 6sszegcsatorna-tipusok hatasa kozott legkisebb a szoras.

A 0(d, omeX) fiiggvények menetének vizsgalata — kiiléndsen a teljes A és
teljes B rendszerre szamitott diagramok dsszehasonlitadsa (4. és 5. abra) — eze-
ket az eredményeket a 73-rendszer egy Ujabb elényével egésziti ki: a maximum
helye 20 Hz folott, tehat a gyakorlatban szokasos értékeknél, mar alig fligg a
tobbszords spektrumatdl, mig az A rendszer erre kb. 50 Hz-ig igen érzékeny.

A gyakorlati mérések szempontjabol dsszefoglalva a két tanulmany sza-
mitasait: megallapithatjuk, hogy a vizsgalt rendszerek kozil a tobbszords
reflexiok kiklszobolésére legcélszerlibb a végpontldvéses (illetve a teritésen
talrél meglétt) kdzos mélységpontos rendszerek hasznalata.

IRODALOM

Bodoky T.—Gretjtter A., 1970: Az optimalis teritési geometria meghatarozasa kozds
mélységpontos észlelési rendszerekben. Geofizikai Kdzlemények, X 1X. 1—2.
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1. dbra: A @(i1, wmax) diagramok szamitasahoz felhasznalt waveletek spektrumai
Fig. 1 Wavelet-spectra used for calculating (0, comax) diagrams
Puc. 1. CnekTpbl BOMH, WCMO/Mb30BaHHbIX ANSA BblUMCeHNS rpadukoB <P(d, LMakc)
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Amax

2. dbra: Az A rendszer a tipusu 6sszegcsatornainak @ fiiggvénye
Fig. 2 & function of the a type “stacked” traces of system A
Puc. 2. ®dyHKuMA D cymMmOTpacc TUna a cucTeMbl A



A kozos mélységpontos (CDP) észlelési rendszerek ...

3. dbra: Az A rendszer b tipusu 6sszegcsatornainak @ fliggvénye
Fig. 3 @ function of the b type “stacked” traces of system A
Puc. 3. dyHkuma P cymmoTpacc Tvna 6 cucteMbl A
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Bodoky T.—Greutter A.
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4, abra: A teljes A rendszerre szamitott @ fliggvény
Fig. 4 ® function for the entire A system
Puc. 4. ®dyHKumA & ana Beelt crcTembl A



A ko6zos mélységpontos (CDP) észlelési rendszerek...
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5. abra: A teljes B rendszerre szamitott @ fliggvény
Fig. 5 @ function for the entire B system
Puc. 5. dyHKUMA D 4015 BCell CUCTeMbl B
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FOURIER-TRANSFORMS OF THE TIDAL VARIATIONS IN THE
INTENSITY OF GRAVITY

P. VARGA*

VAEGA PETEK

A FOLDI ARAPALY GRAVITACIOS VIZSGALATA
FOURIER-TRANSZFORMACIOVAL

Fourier-transzformaciéval analizaltuk a Tihanyban, 1967 masodik félévében kapott,
gravitacids regisztratumokat; meghataroztuk az arapdaly f6 komponenseinek, a K It O,,
M,,, S2és N,, hullamoknak az amplitidéhanyadosait (&) és faziskilonbségeit (k). A szami-
tdsokban a cosinus és sinus transzforméciékat a Gibbs-féle szorzékkal alkalmaztuk.
Minthogy a vizsgalt jelenséget poliharmonikus fliggvény irja le, a cosinus és sinus transz-
forméaciok azt mutatjak, hogy valamely w- frekvencia mellett, a kézeli frekvenciaja
hullamok a meghatarozandé amplitddékra és fazisokra milyen hatast gyakorolnak. Az
masrészt az észlelési sorozat hosszatoél fiigg. Az arapalyhullam-6sszetevék frekvenciait
elméletileg ismerjik; a sinus- és a cosinus-transzformaciékat torzit6 hatdsokat tehat
minden co/ frekvencidra pontosan meghatarozhatjuk. Ily médon valamely vizsgalt co
hullam amplitaddja és fazisa, ill. az elméleti és szamitott hullamhoz viszonyitott ampli-
tddéhanyadosa és faziskulénbsége is meghatarozhaté. Ilyen szadmitasnal természetesen
éIntink kell azzal a (széliében hasznéalatos) feltételezéssel, hogy a kozeli frekvencidju
hullamok amplitGdéhanyadosainak és faziskiilonbségeinek értéke egyforma.

A Fourier-transzfoiméaeiéval meghatarozott 6 és x értékeket dsszehasonlitottuk az
arapdaly vizsgalatara szolgalé specialis analizisek eredményeivel. Eltérésiik a specialis
analizissel kapott értékekt6l nem nagyobb, mint ezek egymas kdzotti eltérései. Eredmé-
nyeinket tehat megbizhaténak tekinthetjik. Analizisiink teljes sorozatra tdmaszkodott;
egylttal azt is megdallapitottuk, hogy a meghatarozas pontossaga az észlelési sorozat
hosszlsagaval aranyos.

n. BAPTA

AHANWN3 3EMHbLIX TIPUANBOB C WUCIMOJIbSOBAHVMEM TPAHC®OPMALWN
DYPbE

C uncnonb3oBaHveM TpaHchopmauny Pypbe aHanudy nogsepraincb rpaBUMeTpUYecKue 3a-
nucu, nosyyeHHble B TUXaHbCKOM 06cepBaTopuy 3a BTOpoe nonyroave 1967 r. Bbinv onpepeneHsl
YyacTHble aMnAnTyA (<) n pasHocTu a3 (K) OCHOBHbIX COCTaBAAKLMX NpuavBoB — BOSH K,, O,,
M2 S2u1 N2 MNpun BbIMMCAEHMAX KOCUHYCHbIE U CUHYCHble MpeobpasoBaHnsA MPUMEHSI/IUCL C KO3(-

Manuscript received: 10, 10, 1969.
* Boland Eo6tvds Geophysical Institute, Budapest.
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thrLveHTamMm YXKub6ca. MOCKoNbKY paccMaTpyBaeMble SBMEHUS OMUCLIBAOTCS MOMMTapMOHUYECKON
(hyHKUMel, KOCUHYCHBbIE W CUHYCHble NpPeo6pasoBaHUs CoAepXaT BAMsIHWE GAM3KUX MO 4acToTe
BOJSIH NPY OnpefeNieHHoM YacToTe - Ha Onpefe/nsiemMble aMNAUTYAbl U (hasbl. B pesynbTaTe aHanusa
6b1710 06HAPYXEHO, YTO 3TO BUSHME 3aBUCUT OT YacTOTbl COCEAHUX BOJH, C OAHOM CTOPOHbI, U OT
NPOAO/MKUTENBHOCTU Cepun HabNAeHNA — ¢ Apyroii. YacToTa COCTaBASOWMX NPUANBHBLIX BOSH
TEOPETUYECKM W3BECTHA, CNefoBaTe/bHO 3(h(eKTbl, UCKaXaloL|Me CUHYCHblE U KOCUHYCHbIE mMpe-
06pasoBaHnsi, MOTYT 6bITb TOYHO OMNpefeneHbl AN KXo/ 4acToTbl co/. TakuM 06pa3oM MOXKHO
onpefenuUTb U aMNAUTyay W tasy HeKoTOpOi M3yyaeMoli BoHbI CW/, a TakKe YacTHOE amniuTyj
1 pasHOCTb (ha3 MO CPaBHEHUIO C TEOPETUYECKOW U pacyeTHol BosHOIM. Camo co6oil pasymeeTcs,
YTO MPU TakKx pacyeTax HeOGXOAMMO 3a4aBaTbCs LUMPOKO PACMpPOCTPaHEHHbIM MPeArooXKeHeM
0 PaBHOCTW YaCTHbIX amnAMTy4 W pasHocTeli (a3 6/M3KMX MO YacToTe BOJIH.

BenuunHbl { 1 », onpefeneHHble C UCMO/Mb30BaHWEM MNpeo6paszoBaHns dypbe Gbiiv COMo-
CTaBfieHbl C pe3y/ibTaTamMmu CreluanbHbIX aHaIU30B MO WU3YUYeHU0 NPUAMBOB. VX OTK/IOHeHWe OT
nocnedHUX He MPEBbILIAET CTeneHb OTK/OHEHUs 3TUX Pe3yNbTaToOB MeXAy CO60M, B CBA3M C Yem
HallM pe3yNbTaTbl MOFYT CUMTATbCS [JOCTOBEPHbIMU. [poBeAeHHbIe aHalM3bl OCHOBLIBA/IUCL HA
nosHyto cepuio Ha6nofgeHuiti. OJHOBPEMEHHO Gblfio YCTAHOBMEHO, UTO TOYHOCTbL OMpeseneHuii
NponopuuoHanbHa ANvHe psiga HabMoAeHWiA.

A six-month g variation recording was carried out in the Tihany Obser-
vatory in 1967. After a special tidal analysis (Lecolazet, Venedikov, Pertsev)
Fourier-transforms have been applied to the series of data. In doing so, two
aspects were kept in mind: a) to compare the earlier results with those ob-
tained through Fourier-transforms; b) to make out the suppressing effect of
similar frequencies in function of the number of data.

The research was concentrated on the main tidal components (KIr 01, M2,
S2, N2 only. Their amplitude-quotients (6) and phase-differences (x) were
determined. The theoretical amplitudes and phases of the components men-
tioned were calculated in advance as well as those of similar frequency waves,
whose effects could not be completely excluded. Formulas applied:

1. for amplitudes (Pariisky, 1961):

semi-diurnal
waves

Ai=Cj[1—esin2ip] cos2ip, (1a)
total daily
variation

Ai=G,[1—essin2y sin2ip. (Ib)

2. for phases (Doodson, 1928)
Vi=hix+his+hfi +KiP+h fl+76/Pie 2

The parameters of the foimulas quoted:
A, the amplitude of a single tidal wave i
Vi the phase of a single tidal wave i

Ky ’K2l...K6a characteristic coefficients for a single tidal wave i
eccentricity of the Globe
geocentric latitude
local lunar mean time in degrees
mean lunar longitude in degrees
mean solar longitude in degrees
longitude of the Moon at the perigee, in degrees
longitude of the Moon’s ascending node in degrees
périhélie longitude in degrees.

< @

TV 5TV v X
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The theoretical value of the gravitational tide in an instant t:
y(t) = 12_ . Ai cos (cojt+cp). (3)
Measured values, having excluded shifts, sensitivity-changes and drift :
v() =éi M / cos (CO+ qi+Xx). @)

Consequently, the phenomenon examined can be regarded apart from
observational errors, as purely polyharmonic, and expressed as

y(t) =2 (aicos coit+ bi sin cot), (5)

where a, = A- cos h and hl= —A-sin &- for theoretical waves and
a,= 0,A- cos (qpi+ Xj), and bt=—0-A-sin (@ + «,)

for observed waves.

In analyzing the amphtudes and phases of wave-components in (5),
Fourier cosine and sine transforms should be applied with the Gibbs-coef-
ficients ISerebrennikov—Pervozvansky, 1965).

Y i
sin-

U(m)-- L ot cos cotey(t)dt; (6)
.( L
b 7Lt
sm-

21
I

V(co)- sin cotey(t)dt. ™

Substituting y(t) by (5) in these formulas, we obtain

U(a>)= I2=i -4r{Si[n ~ (ci—=<u,)i] + M[7r-|-(co —,)i]-|-
+ Si[n—(c0+ co) sL\ + Si[n + (co+ co)L]j ©

V(co)= I2_I 4 {SiCt—(co—o)L~\+ Si\ti+ (co—o0) -Z] —

9
—8r[n—oo+ co) sL\ —Si\n + (co+ co)L\ }. ©

2L is the time-span of the phenomenon in question. With the aid of (8)
and (9) the extent of separating a given @- frequency wave in (6) and (7),
can be foretold if L is known. In other words: the distortion of at and bt
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values by similar frequency waves can be determined. This is characterized by
the function A="g{Si\n —(>—oii)L\ + Si\n + (co—03i)L\} —derived from (8) and

(9). Fig. 1 shows the curves of the function with different L-s. Further har-
monics have been neglected. This step, in general, is not justifiable, for it
doesn’t affect the results only if the time-span is long enough. Taking 2L =

10
09
08
07
06
05
0i
03
02
Q!
Q0
01

Fig. 1 The curve at different time-spans
1 21=05 year 2 21=1,0 year 3 2£=2,0 year
1. dbra. A fuggvény menete kiildonb6z6 hosszusagu feldolgozasi
intervallumoknal
1 2£=05¢6év 2 2Z=106v 3 2£=2,0év
Puc. 1. ®yHKUMS NpW pasfMYHbIX SVHAX UHTepBana 06paboTaHHbIX AaHHbIX
1 —2£=0,5 ropa 2 —2/, 10 rog 3 —2/, 2,0 roga

= 0,5 year, as an example, the effect of neglected harmonics is <0,001 for
both semidiurnal and daily variations ©%30°/h and 15°/li. The peak of

the function
A=i {Si[n —o—Qj)L+ $r'[rr—co—co,)L]}

obtained in this way (see Fig. 1) is 0,926, since 1/2 Sin —0,926.
For U(o)j) and Moo-) of the i waves, taken also (5) into consideration, one

obtains

U(co) = <5,[0,926™, cos -+ y)+ 2 4/4/ cos (opj+ L), (10)
2
and
—H(ft>) = <§[0,926 Ai sin (@-+ *)+ >'/AjAj sin (A + xj), ()

as a fair approximation in case of observed waves.
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In these formulas, index j points to the waves that are so close to wave r
in frequency, that they affect U(cOj) and F(co,) (Table I.). As soon as the time-
span of observations is 2 years, no “outsider” waves affect components Of,
Jf2, S2and A2

In deriving (10) and (11) we must have availed ourselves of the commonly
accepted assumption that the Q and uy values of nearby waves are identical.

Let us now separate § and y,j, as unknown quantities, from the com-
putable Aj, Ait fi, gy and Aj values:

n
U (co,)= 6, cos yj[0,926 A, cos tp+ 2 zly™ycos tpj]—

i*e

—<§sin yj[0,026 Aj sin <+ 21AJ—AJ sin tpj\.
J=l
J¥i
Lenoting the terms in square brackets with E and F, resp.

U(co,) = bj cos y.Ej—bj sin y.Fj (12)
is obtained.
Similarly, for F(co,)
V(coj) = —90, cos y.jFj—bj sin y.jEj (13)
is obtained.

Solving this equation-system for bt cos x, and $§sin y,j, the following terms
are obtained for the unknown quantities

B, eossy, - ULCOYF -+ gfi)Fi- X (14)
A U(cOj)Fj-V(cOj)E
t))(,sin /] (Czj()FJ £ )J)J vt (15)

Thus bj and yj can easily be determined :
bj= ¥xf+yf, and w=arc tg . (16)

The amplitude-quotient (b) and phase-difference (x) of components Ky, OL,
Mo, S2and Ar2were determined with an electronic computer. In the first step
the total daily and semidiurnal waves were separated, excluding, at the same
time, the drift. The following steps included (6), (7), (14) and (15). Having
obtained 6, cosyj and Qsiny,j, with (16) the needed unknowns were arrived at.
In the end the following amplitude-quotients and phase-differences were ob-

b y
Ki 1135 —2.1°
oy 1185 -1.5°
M, 1.149 —4.8°
sy 1120 —7.1°
n2 1158 —3.9°

2 Geofizikai Kdzlemények XIX. kotet, 3—4. szd&m — 0228
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Table I,

MAIN TIDAL WAVES FOR 0,5, 1,0 AND 2,0 YEARS

Wave-

type

Kl

T1

UP,

M2

T
s2

k 2

Argumentum
number

Kj wave
162 556
163 545
163 555

1M Ks4
164 556

165 545
165 555
165 565
165 575

166 554
167 555

Oj wave

143 755
144 556

145 535
145 545
145 555
145 655
145 755

146 554
147 565
147 555

M2 wave

253 755
254 556

255 545
255 555
256 554

S wave

272 556
273 555
274 554

'275 555
1273 555
1275 575

N2 wave

245 555
1 245 645
245655
247 455

0,5 year

0,056
0,340
0,362

o 7iv0
0"N760

0,926
0,926
0,926
0,924

0,760
0,362

0,449
0,760

0,924
0,926
0,926
0,923
0,917

0,750
0,362
0,340

0,449
0,760

0,925
0,926
0,760

0,760
0,926
0,760

0,362
0,340
0,323

0,923
0,926
0,926
0,449

A

1,0 year

—0,009
—0,033
—0,041

0
0*363

0,924
0,926
0,924
0,919

0,363
—0,041

—0,027
0,363

0,919
0,924
0,926
0,914
0,890

0,363
—0,041
—0,033

—0,026
0,363

0,922
0,926
0,363

0,363
0,926
0,363

—0,041
—0,033
—0,025

0,914
0,924
0,926
—0,026

2,0 years

0,000
0,000
0,000

0 04.5
— 0’045

0,919
0,926
0,919
0,897

—0,045
0,000

0,000
—0,045

0,897
0,919
0,926
0,882
0,792

—0,045
0,000
0,000

0,000
—0,045

0,910
0,926
—0,045

—0,045
0,926
—0,045

0,000
0,000
0,000

0,882
0,919
0,926
0,000

Argumentum numbers bearing Index i in (10) and (11) in italics

P. Varga
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For comparison, let’s have a look at the earlier results obtained by me-
thods of Lecolazet, Pertsev and Venedikov (Varga, 1969):

Lecolazet Pertsev Venedikov
a X a X 0 .
=1 1139 —2.6° 1112 —3.3° 1124 -3.0°
o, 1177 —0.7° 1.149 +0,9° 1.219 —0.6°
M2 1143 —4.4° 1.134 —4.6° 1.138 —4.3°
1.136 —8.1° 1129 —7.0° 1128 -6.9°
N, 1.153 —3.2° 1.150 +0,05° 1.153 —3.7°

The comparison shows that the differences introduced by the Fourier
transforms are not greater than those existing between the results of the cited
methods. The new results may duly claim reliability, for they are based on
long period observations. Beside this, it is a substantial advantage that also
discontinuous recordings are suitable for Fourier transformation.
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Magyar Allami Eotvés Lorand Geofizikai Intézet
GEOFIZIKAlI KOZLEMENYEK
XIX. kotet, 3—4. szam

ANALYSIS OF CODAS OF SHALLOW-FOCUS EARTHQUAKES
E. BISZTRICSANY*

BISZTRICSANY EDE

SEKELYFESZKU FOLDRENGESEK FELULETI HULLAM-KODAJANAK
VIZSGALATA

A foldrengések fellleti hullamainak id6tartama féleg a mérettl fligg, a tdvolsag
csak kevéssé befolyasolja (Bisztricsany, 1968). A feluleti hullimok tartamanak nagy
része egy kozel azonos amplitdd6ji hullamszakasz, az Ggynevezett kéda. Aki japan
kutaténak (1969) a kéda eredetére adott magyardzata hullamszérok segitségével értel-
mezi a felileti hullimok id6tartamanak csak mérett6l valé fliggését az epicentrum ko-
zelében.

Feltételezzik, hogy a szordk széles frekvenciasdvu kényszeremként rezgésre ger-
jesztik a Fold felsé részét, amely a gerjesztés tartama alatt valtakoz6é vastagsagu
lemezként, ra jellemz8 periédussal végzi rezgéseit. Ez a rezgés a felileti hullamok kis
abszorpci6s egyltthatéja miatt kozel azonos id6tartammal terjed. Ezért az észlelt k6dak
periédusait els6sorban az atfutott rétegek sajat periédusai hatdrozzak meg. Ezek pedig
nem fiiggenek a tavolsagtol.

5°—50° epicentrumtavolsagbdl szarmazé kédahullamok 1000 adatanak felhasznala-
saval periédusgyakorisagi gorbét szerkesztettiink.

Ezen harom jol megkilonboztetheté gyakorisdgi maximumot taldlunk: 6,6 —6,6,
7,6—8,5 és 9,6—10,5 sec-nal. A kédak a féld felszinén /r nagysagrendd fiigg6leges elmoz-
duladst hoznak létre. Ha ezeket az Un. féld-amplitidékat a periédusok fliggvényében
vizsgaljuk, akkor — a legkisebb négyzetek médszerével — a kdvetkezd egyenletet kapjuk :

T=4282 —0,4722+1,83, (1)

ahol T a k6dak periédusa, Z pedig az amplitidéja.

Hardtwig (1962) mikroszeizmikus talajnyugtalansadgra alkalmazott médszerét ko-
vetve a gyakorisdgi maximumok helyére az (1) egyenletbdl T, Z sorozatot szamitottunk.
Ezekb6l egyméashoz kozel es6 T, T'és Z, Z' parokat valasztottunk ki, amelyeket be-
helyettesitettiink a Rayleigh-hulldimokra levezethet6

TT In—
z

2= (T —T)0,172

* ELTE-MTA Selsmologlcal Observatory, Budapest.
Manuscript received: 29, 12,
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egyenletbe, ahol z0a réteg vastagsaga. A kovetkez6 értékeket kaptuk :

AT z0 (km)
5.6- 6,6 13,2
7.6- 87 18,4
9,4—10,7 29,6

A harom adat barmelyike korreldlhaté a Karpat-medence kéregszerkezetének vala-
mely Iényeges szintjével, amelyeket szeizmikus mélyszondazassal hataroztak meg. Az els6
adat értelmezése bizonytalan, a méasodik valészinlileg a Conrad hatarfeltletig terjedd
kéreglemez vastagsaga ;a harmadik adat pedig valészintileg a Moho hatarfeliletig terjed6
lemeznek, vagyis maganak a foldkéregnek a (maximalis) vastagsaga.

Mind a modellkisérletek, mind pedig a sekély fészki{ rengések kédajanak vizsgalatai
alatamasztjak, hogy a kédak laza csatolast lemezek — szinte — szabad rezgésének fog-
hatok fel.

3. BUCTPUYAHb

N3YHYEHWME MOBEPXHOCTHbLIX BOJIH-KO/[,
HAB/TIOAJAEMbBIX MPU HEMNMYBOKO®OKYCHbIX 3EMJIETPACEHNAX

MpoAO/MKNTENBHOCTL MOBEPXHOCTHBLIX BOMH 3eMJIETPSACEHUS 3aBUCUT, B OCHOBHOM, OT pas-
Mepa, NMpuyem paccTosiHWe He3HauuTeNnbHO BAMSeT Ha Hee (BucTpuyaHb, 1958). Bonblas yacTb
NPOAO/MKUTENbHOCTN MOBEPXHOCTHLIX BOMH MpeAcTaBfieHa OTPe3KOM BOJIHbI MOYTW aHasIorMyHoM
aMnAnTyAbl, TaK HasbiBaeMoi Kofoi. o coobpaxeHMAM SINOHCKOro uccnegosatTenst Aku (1969)
0 Npupoje Kofbl, 3aBUCUMOCTb MPOAO/DKUTENLHOCTA MOBEPXHOCTHbLIX BOJIH TONbKO OT pasMepos
06bsACHSAETCA Hanuuvem B 6/1M3M aNULEHTPaA paccemBaTeneli BOSH.

MpegnonaraeTcs, 4YTO paccemBaTesiv, KakK MPUHYAUTENIbHbIE CW/bl LLUMPOKOTO YacTOTHOrO
fmanasoHa, 3acTaB/fAlOT BEPXHIOK 4acTb 3eM/iM BbIMONHATL BUGpauun. 3Tn BUbBpaLun UMeT
nepuoAbl, XxapakTepHble 415 U3MEHSIOLEeACA MOLLHOCTU MaHTUW. B CBSI3N C HW3KUM 3HAYeHVEM
KO3(h(hMLMeHTa NOr/oLWEHNA NOBEPXHOCTHLIX BOJIH, 3TWU KOnebaHUs pacnpocTpaHAaoTes € novTn
0AVHAKOBOW MPOAO/IKUTENbHOCTLIO. [103TOMY mMepuoabl HabnopaeMbix KO4 OnpefenstoTcs,
npexfe Bcero, cO6CTBEHHbIMU Meprojamu NporieHHbIX NIacToB, a NociefHne He 3aBUCAT OT pac-
CTOSAHUSA.

C ucnonb3obaHnem 1000 AaHHbIX 0 BO/IHAXKOAAX, MOMYYEHHbIX /18 3MULEHTPa/IbHbIX paccTosi-
HUiA 5°—50°, 6bl1a cocTaB/ieHa KpvBasi MOBTOPSEMOCTM MepmofoB. Ha 3Toi KprBoOi BblaesoTcs
TPU XOPOLLO BbIPaKEHHbLIX MakCMMyMa MNOBTOPSAEMOCTW CO BpemeHamu 5,6—6,5; 7,6—8,5 n 9,6—
10,5 cek. Ha rnoBepxHOCTM 3eM/IN KOAbl BbI3blBAIOT BEPTUKA/IbHOE CMeELLEHWe B pasMepe rnopsigka
nepBbIX efAVHUL, MUKPOHa. Ecny n3yyaTb 3TU TakK HasblBaeMble amninTy/bl 3eMX B 3aBUCUMOCTH
OT MepuojoB, TO MO MeTOAY HaVMeHbLUMX KBaApaToB MOJyYaeTCca ChefyloLlee ypaBHeHUe:

T=4,282—0,4722+1,83, 1@

rge T — nepuofbl Ko U Z — unX aMnautyga.

C npumeHeHvem meTofa XapaTsura (1962) pns onpegeneHUss MUKPOCECM, A1 MaKCcUMy-
MOB NOBTOPSAEMOCTU 6blIM nogcunTaHbl psAgbl T, Z no ypasHeHuto (1). N3 aTux psgos Bblibupa-
nncb 6nuskme apyr K apyry napbl T, T' 1 Z, Z', KoTopble MOACTaBASAANCHL B YpaBHeHWe 415 BOSH
Penes

TT In—
z

e (r—=T)0,772 °
rae Z0 — MOLWHOCTL CMosi. BblvM nonyyeHbl Chefyiolive Be/IMUMHBI:

AT 20 (kM)
5,6—6,6 13,2
7,5—8,7 18,4

9,4—10,7 29,6
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Kaxfaa 13 ykasaHHbIX BeIMYUH KOPPeNupyeTcs OAHUM M3 OCHOBHbIX FOPWM30HTOB 3eMHOM
Kopbl KapnaTtckoro BacceiiHa, onpefenieHHbIX No AaHHbIM [C3. lMepBasi BenMUYMHA UHTEPNpeTU-
pyeTcsi HEO4HO3HAYHO, BTOpas COOTBETCTBYeT, MO BCEN BEPOSTHOCTM, MOLLHOCTW C/0A KOpPbl A0
nosepxHocTn KoHpaga, a TpeTba BeMyMHa — Mo BCeli BEPOSTHOCTM, MOLLHOCTM CNosl O MOBEpX-
HoCTM MoxopoBuumya, T. e. (MakCMMasibHOM) MOLLHOCTU CamMoil Kopbl.

Kak MofenbHble UCCMefoBaHUs, Tak U M3ydeHMe Kofbl HEerny60oKO(OKYCHbIX 3eMeTpsceHui
NoATBEPXAAKT, YTO KOAbl MOTYT pacCMaTpuBaTbCA Kak NoyTu cBo6oAHble KonebaHus cnabo ces-
3aHHbIX MeXAy co6oli nauT (cnoes).

Introduction

As referred to earlier (Bisztricsany, 1958 a, b), the magnitude of shallow-
focus earthquakes can be correlated not only to the amplitudes of different
wave-types but also to the duration of the surface-waves. The interrelation is
expressed in the following formula

M —a log t+ bA° +c, (1)

where M is the magnitude, tis the duration in minutes, AOis the epicentral
distance in degrees.
The same formula, as expressed for the Wiechert-seismograpli (Budapest) :

M = 2,12 log# + 0,007/1° + 2,66. (1)

Under the term: last vibrations in both equations, the train of trailing
last waves, recorded by a seismograph of certain performance and magnifica-
tion, are meant, obviously differring from the actual termination of the sur-
face waves. The last vibrations, sometimes, scarcely differ from microseisms.
Equation (1), however, is valid for every shallow-focus earthquake, at least in
the general, one might say, statistical, sense of the word.

The parameters of a recorded surface wave depend on the mechanism of
the release and travel, on the structural (furthermore, geotectonical) conditions
between the focus and the recording station, and on the instrumental charac-
teristics of the recording seismograph.

The forthcoming analysis is based on records of a seismograph of very
small distortion, described later.

Equation (la) clearly shows that the coefficient of A° is rather small.
Similar formulas have been obtained elsewhere (Sotoviev, 1965; Tsum URA,
1967), too. They were utilized, by neglecting the term A°, for magnitude-
determination of near earthquakes.

Recent research has completed the above-mentioned advantage by direct-
ing attention to the hitherto unexplained last vibrations: the so-called coda,
which represents, even if regarding its duration, a significant section of surface
waves.

Surface waves have, as it is well known, two essential components : Love-
waves and Rayleigh-waves (i. e. their modes). Theoretically, however, their
existence could be explained within a short interval (duration) only,
although they have a long, distance-independent attenuation time. For this
phenomenon no satisfactory explanation has been offered so far.

The magnitude of the 1956 Budapest (Dunaharaszti) earthquake was,
according to the records of the Krumbach-seismograph of the Budapest Ob-
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servatory, M= 5,6. The time-span of its surface wave proved to be abt. 20 min.,
consequently the velocity of its trailing waves never reached even as high as
20 m/sec.

Referring to Equ. (la), when M= 6,5, the time-span of surface waves is
abt. 60 min, and their velocity is 5—6 m/sec. Thus, with increasing magnitude,
the velocity of trailing waves decreases. And, since, at the same time, their
duration shows an altogether very small reduction with distance, the coda-
concept had to be introduced into the interpretation, requiring research to
trace the generation and travel of coda.

Conditions oi coda-generation

According to the well-known theoretical assumption, surface waves (i. e.
their modes) are generated by constructive interferences of body waves. The
body waves, responsible for the generation of surface waves, travel either with
total-reflection (if so, with slight energy-loss) or with a so-called “leaking”
reflection (if so, with greater energy-loss). In the very nearby surroundings of
the epicenter, total reflection can occur on the interface between the topmost
sedimentary complex and the underlying formation of higher elasticity.

Consequently, energy will rapidly leave the epicenter’s vicinity. This rapid
energy-loss is not revealed by any record. The existence of the coda cannot be
verified in this way.

With regard to the epicenter’s surroundings Aki (1969) gave explanation
for the length of coda. He assumed that codas are scattered waves on records
of local shocks observed with short-period seismographs, arisen in consequence
of the heterogeneity of the near-surface geology. In other words: the coda,
this elongated, slightly vibrating section of a surface wave, is generated by
scattering, diffraction, reflection of radiated waves on protruding objects of an
interface. The coda is nothing else than a “time-stretch” of waves arriving at
the location of recording, from various directions and various distances.

In the following discussion, it will be assumed that these scattered waves
exert a wide-band force on the unequally thick rock-slabs of the Globe,
exciting and forcing them to vibration. The period of these vibrations depends
on the thickness and physical properties of the rock-slabs (henceforth some-
times : layers, for short) and on the size of the source-area.

I'f so, surface waves could be regarded as plate-vibrations as well. In the
following, a close examination will be given, whether in the surface wave
groups of arecord, the properties of plate-vibrations can or cannot be recognized.

Dispersion analysis with the aspect of plate-vibration

In another paper (Bisztricsanv, 1970) the surface waves of an Atlantic
quake of the following parameters were analyzed: cp=1,65N, A=155 W,
H =108 01 3.8,8, M =6 .3/4. On the record of a vertical seismograph eight narrow-
band mathematical filters were applied with the following band-passes:

14<7<16, 16aT<18, 18a'T<20, 20=sT<22
22<Y¥Y <24, 24aT<26, 26=sTa?28 28=sT<30
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The shape of vibrations obtained in this way (Fig. 1) is very similar
to the well-known figure of the forced vibrations of definite duration
(Fig. 2).

Before going on with the analysis of the results of Fig. 1, let us give a
consideration to the vibration-characteristics of a plane-parallel plate.

Filter-bands W TaTrt — -
Sec
16-un 3

Si =m,

yuw T W —

18-16

Si iao

_ Fig. 2 Forced vibrations
I +F (after Trendelenburg)

20-18 b) Yibtacion

2. dbra Kényszerrezgések
(Trendelenburg nyoman)

| a) kényszerit6 erd
b; kényszer rezgés
22-20 Puc. 2. MpuHyanTenbHbIe
KonebaHua (No TpeHAeneH-
| oypry)
a) NpUHyAUTeNbHas cuna
24-22 6) NpUHYAMTENbHble Koneba KuH
m 1
z
| H
2826 “S/IMAMOMrOHN—------ ——-- — 2 X
H
30-28 _— )

Fig. 1 Narrow-band mathematical filtering on a record
1. dbra Sz(Giksavu matematikai szir6kon atengedett

szeizmogramok Puc. 3.
Puc. 1. CeiicMorpaMmbl, NONyYeHHbIe NoCAe NPUMEHeHNs Fig. 3
Y3KOMOMOCHBIX MaTeMaTUuecKux hunsTpoB 3. 4bra

The vibration-characteristics of infinite, homogeneous plane-parallel plates
were mathematically established by Lamb (1917).

Let the plane defined by coordinates x, y coincide with plane z=0 (Fig. 3),
where 2 points upward, and the limiting planes of the plate of a thickness H be
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The components u and w of the displacement-vector should satisfy the
following equations :

dhi . 00 du
dx dx
daw 00 dw

Q 0j+/i~dz’

where qgis the density, tis the time, Xand wn are the Lamé-constants. Introducing
® and ipscalar and vectorial potentials in the

8P dw dip
P=ai+ ai; dx
way, these satisfy the Equations

O-F(p daw
-gPT=V*A0 and - " =vdy>

Since our endeavour is to describe surface waves of a plate, functions @
and ipshould be formulated accordingly :

®= (A chgz+B sh qz)eikx~d)
p=(Cchrz+D sh rz)eix~d>

Taking the stress limiting conditions px=0 and pz=0 on the defined

limiting planes z= + —into consideration, period-equations

tgh-r aqr
77b.~ kan2
tgh-j1

or
tgh-9 44
7TTH~ k2m2
tgh —-

are obtained, where m:2—\(;12. These equations offer a relation for plate-

thickness H, for k, and consequently for wave-length L.
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Introducing the terms

H _ ¢ IcH «H
L=1I"v=4 *“d ~ =TT=*
A |.._ A J
and - =X further assuming that /. =g, one obtains that =v\3, i.e.="=

Substituting the obtained quantities in the period-equations, the latter can be
written in the following form:

tghyr|]/T [(1-97 2)(1-% 272
tgh a|]/1—w22

or

tgh /11— (1 —1i2)(1 —yp-yf)
tgh Jil/l —rf
1~ 2

The consequence of the bivalence of roots in both equations is that two
relative phase-velocities (r]) belong to any given wave-length L, the plate-
thickness being constant. This means two dispersion-curves. Because of the
periodical nature of the tgh functions, several modes can be linked to both
curves. Thus, it is obvious that having analyzed the plate-waves, dispersion-
curves are, in fact, at hand. And now let us turn our attention to the filtered
records of Fig. 1

Dividing the epicentral-distanee by the arrival time of the maxima of
the arrow-indicated wave-groups of Fig. 1, the velocities of the wave-groups
are obtained. Compa-
ring these empirical  kmisec
data with Haskertn’s
(1953) theoretical curve
and with the empi-
rical data calculated in
the usual way, the dif-
ferences are insignifi-
cant (Fig. 4) in either
case.

Although the re-
sults represented by
Figs. 1 and 4 give yet
no final justification to

regard the surface wave Fig. 4 Dispersion-comparison
: : * present method
as_ a plate-V|bre_1t|on, n trz’i)ditional method
still they are SUlta_b|e 4. abra Diszperzio-sszehasonlitas
to draw the attention . sajat médszer
to this possible direc- A hagyomanyos modszer

tion of our investiga- Puc. 4. ConoctaBneHve pas3bpocos
* No cO6CTBEHHOMY MeToay

tions. 4 N0 CTaHAapTHOMY MeToay
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The vibration-process was, in the foregoing, sketched so, that looselv
coupled plates vibrated with different resonant-frequencies. If so, there must
exist a dominant period, depending on the thickness of the plate, exceeding
the rest of the spectrum in recurrence.

In the following items, our investigations of this kind will be summed up,
including both ultrasonic model-tests and natural earthquakes.

Ultrasonic model-tests of plate vibrations

It is well known that in infinite, elastic solid media, the velocity of longi-
tudinal waves

cL= - ol 2
= 1+ cn)(l- 2a ° (4
and that of transverse waves
1
Cr_ . 3
T w+0)’ ®

where E is Young’s modulus, a is the Poisson-ratio. The value of the former,
in solid bodies, varies between 5+109and 5<1010Njm2 while that of the latter,
between 0,2 and 0,46. Accordingly, velocities vary between 1000 m/sec and
5000 m/sec.

Our first model consists of an aluminum, resp. a synthetic resin plate
(disc) in a staggered arrangement (Fig. 5), similar to the model of Healy and

Press (1960).
In case of a two-layered plate the equation of motion for a motion in the

direction Xis
9% QTi+ T, d2u
9:r2 E L o2 )
1-af 1+1 212

Thus, a Tv T: layered plate’s
longitudinal velocity CL is

eiCITi+Qfil?* ©)
QTi+ QTi
and its transverse velocity CT is
pfV A +rj/AT,
1 ell 1+ QT 2

as long as ,
The validity of (5) and (6) for the
model of Fig. 5. has been experimen-
tally proved (Healy—Press, 1960).
This staggered disc-model is, in fact,
Puc. 5. a multilayered earth-model, where,

Cl=
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proceeding toward the centre ofthe disc,
wave velocity increases according to (5)
and (6). Namely, the aluminum-thick-
ness likewise increases in the same di-
rection and wave velocity in aluminum
is greater than insynthetic resin (Fig. 6).

One ofthe aims of model-tests was
to establish conditions unknown in Na-
ture (Aki, 1969). In Nature i.e. in the
near-surface layers, namely, agreat deal
of scattering objects are, according to
Axki, evenly butirregularly situated, ge-
nerating a stray wave-field.

In fact, two models were construc-
ted :one with—another without scatter-
ing objects, in order to compare the be-
haviour ofboth media. When calibrating
the realistic earth-model, it had to be ta-
ken into consideration that the velocity
and reflection index of ultrasonic wa-
ves depended on the geometry of the
medium traversed.

If a material of an acoustic impe-
dance Ckckis embedded in a medium of
an acoustic impedance oc, with tight
coupling, then, in case of normal in-
cidence (perpendicular traversing) the
reflection-index

Ji=

= U]
o+

K 2" 1)2
+ 4pactgZ(2jrd7A)
where dis the thickness of the embed-
ded object (plate), His the wave-length
and g is the ratio of the acoustic impe-
dances (that of the embedding medium
being in the numerator).

Formula (7) shows that the reflec-
tion index depends, aside from qand
on d, too. R is at maximum when

J(2ft—1)
and thus one obtains

6 Wave-velocity in plates in the
function of thickness

— aluminum
— synthetic resin

6. dbra Hullamsebesség a lemezvastagsag
fuggvényében
— aluminium
— migyanta
Puc. 6. 3aBMCMMOCTb CKOPOCTU pacnpocTpa-
HEHWUS BOMIHbI OT MOLLHOCTW MPOAJEHHON
nanThI

— antoMuUHuiA
— WCNYCCTBEHHas cmona

Fig.

n=1, 2, 3, ... (8)

g2—1"
g-+ 1

As to the minimum-value of R, it converges toward zero if

d=n?p

n=1,2,3,... ©

Equ. (7) gives values of It of synthetic resin embedded in aluminum, in the

function of d.
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The ultrasonic seismoscope starts 25 pulses per seconds, i.e. the time-span
of the attenuation of waves, as will be shown, is much shorter than the pulse-
interval; thus, subsequent pulses don’t disturb each other.

The disc-model, however, proved to be unreliable for three reasons.

The first reason was that waves reflected from the inner rim of the disc
by too quick reflections might have disturbed the surface wave pattern
(although several check-ups were made, the only result was the necessity of
another model).

The second reason was that, although the staggered model symbolized the
Earth well, and was suitable to trace the travel of body waves, the continuous
reflections from the inner boundaries screened the trailing section of surface
waves (Figs. 7, 8).

The third, and most serious, reason was that the model allowed exclusively
tight coupling between the layers, although, as it will be shown later, one of
the most essential factors of our concept is loose coupling.

For the above-mentioned reasons, three new models were constructed and
laid under test. The new models were square aluminum-sheets of 1 m edge-
length. Two of them were 1/2 mm, one of them was 1 mm thick. One of the

\
m/sec
Fig. 7 Travel-time curve for the disc- Fig. S Apparent velocity vs. distance
model curve for the disc-model
7. &bra A tarcsa-modellre vonatkozé 8. dbra A tarcsa-modellre vonatkozé lat-
ut—id6 gorbe szdlagos sebesség/ut gorbe
Puc. 7. logorpad ans AMCKoBOW Mopenu Puc. 8. KpuBas 3aBUCUMOCTY KaXYyLLEACcs CKO-

pocTV OT NpOIiJEHHOr0 NyTW ANS AMCKOBOW
mMogaenu
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1/2 mm thick sheets was punched by several, irregularly arranged 5X 15 mm
parallelepiped-holes, inlaid by synthetic resin. A pulse-signal transmitter was
placed in the corner of the sheet, the receiver was spaced 10 cm off, diagonally,
to exclude the above described screening effect of the rim-waves. The latter,
namely, require an interval of at least 400 microseconds, the useful length of
our record, on the other hand, remained well below this value. Thus, measure-
ments were made both with a plain (Fig. 9) and with an inlaid sheet (Fig. 10).

When comparing these figures, the different length of the respective wave-
patterns is conspicuous. In case of the inlaid plate the attenuation of the wave

Fig. 9 Shape of vibrations in a 0,5 mm thick aluminum-plate
9. &bra 0,5 mm vastag aluminium lemezben gerjesztett hullamok rezgésképe
Puc. 9. BonHoBas KapTuHa KonebaHuii, BO36Y>XEHHbIX B a&/TIOMUHWNEBOW MANTE MOLLHOCTbI0 0,5 MM

10jj sec

Fig. 10 Shape of vibrations in a 0,5 mm thick aluminum-plate inlaid with scattering ob-
jects of synthetic resin

10. 4bra 0,5 mm vastag, mi(igyanta szérékkal megtlizdelt aluminium lemezben gerjesz-
tett hulldimok rezgésképe

Puc. 10. BonHoBasi KapTuHa KoneGaHuid, BO36GYXAEHHbIX B a/lOMUHWEBONA NAUTE MOLLHOCTLIO
0,5 MM C paccemBaTensiMM 13 WCKYCCTBEHHOW CMOJbl

is completed by an elongated, high-frequency signal. The maximum amplitude,
however, doesn’t reach that of the plain plate.

Fig. 11 demonstrates the wave-pattern of the 1 mm thick plate. The
maximum amplitude exceeds those of both former ones. The attenuation time-
span is somewhat longer than on Fig. 9, but shorter than on Fig. 10. The
wave-pattern obtained, bears testimony to the assumption of Aki:the attenu-
ation-section of waves in the inlaid plate (containing scattering objects) is
longer, even beside smaller maximum-amplitudes. Codas can, consequently,
really be generated by scattering objects.

Hence, the next step in the analysis has to involve the examination of
dominant periods and characteristic vibration-pattern for individual plates in
the following arrangements: different plate-thicknesses; plain versus inlaid
plates; single versus coupled duplex; tight coupling versus loose coupling.

Omitting unnecessary details, the most promising arrangement was the
following: a 1 mm thick plain aluminum plate overlain by an inlaid 1/2 mm
thick plate, with lube-grease inbetween in order to attain loose coupling and
an at least partial wave-penetration into the thick bottom-plate without block-
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Fig. 11 Shape of vibrations in a 1 mm thick aluminum-plate
11. &bra 1 mm vastag aluminium lemezben gerjesztett hullamok rezgésképe
Puc. 11. BonHoBasi KapTuHa KosiebaHuid, BO30YX/AEHHbIX B a/IOMUHNEBON NINTE MOLWHOCTBI 1 MM

Fig. 12 Shape of vibration for a two-layered plate (duplex), with loose coupling (lube-
grease inbetween); top-layer 0,5 mm thick inlaid plate, bottom-layer 1 mm thick plain
plate

12. dbra Két lemezben terjed6 hullamok i‘ezgésképe; a két lemez kdzott csapagyzsir ré-
teg helyezkedik el: a fels6 lemez 0,6 mm vastag mligyanta szérokkal megszakitott alu-
minium lemez, az als6 1 mm vastag sima aluminium lemez

Puc. 12. BonHoBas KapTuMHa KonebaHWid, pacnpocTpaHsWUXCS B ABYX MAMTax; MeXAy navTamu

pacrnonaraeTcs cNnoi mMacna A1a NOALMINHUKOB; MepBas NAuTa NpeAcTtaBfieHa aftoMUHWUEBONR Maun-

TOl MoLWHOCTBI0 0,5 MM € paccemBaTeNsiMy 13 UCKYCCTBEHHOW CMOJIbI, a BTOpasi NMTa — YNUCTOW
a/lOMVHMEBON MJIUTOW MOLLHOCTbIO 1 MM

ing its free vibration (transmitter on the top-plate). The wave-pattern obtained
in this way is demonstrated by Fig. 12.

One thing shows instantly up. The maximum amplitude, as compared to
that of Fig. 10, increased owing to the thicker plate underneath, and the
attenuation-section shows, even to the naked eye, the evenly short-period,
long time-span section.

Wave-patterns of Figs. 10, 11 and 12, were turned into period-recurrence
spectra (Figs. 13, 14, 15, resp.). Fig. 13 shows a clear maximum at 4,75 micro-
sec, while Fig. 14 shows no such one. Fig. 15, again shows two considerable
maxima at 4,75 and 6,75 microsec.

The suggested interpretation is as follows. The waves reflected on the
scattering objects in the top-layer (plate) excite both plates (the thin and the
thick one equally), and while Fig. 13 reveals a single maximum (one piate
vibrated), Fig. 15 must indicate two maxima, since, apparently, the wave-
pattern of Fig. 12 is characteristic for both plates.

The large amplitudes indicate, at any rate, that a loose coupling allows
vibrations of almost as high an amplitude as a single plate does, although the
top-layer's single vibration is weaker than that of the bottom-layer. Coupling,
consepuently, brings the top-laver’ vibration nearer to the bottom ones, in
fact, almost levels them off.
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recurrence
10
I
5 200250 30 ¢ T,
Fig. 13 Period-recurrence spectrum for wave-pattern of
Fig. 10

13. &bra A 10. &bra rezgésképéhez tartozé periédusgyakori,
sagi spektrum
Puc. 13. CnekTp MoBTOPSIEMOCTU MEPUOAOB /1S BO/IHOBOA
KapTuHbl puc. 10.

recurrence

511 ' 1jo1’  #T 0S5 0 1

Fig. 14 Period-recurrence spectrum for wave-pattern of Fig. 11

14. dbra All. abréahoz tartozé periédusgyakorisagi spektrum

Puc. 14. CnekTp NoBTOPSieMOCTU MNEPUOAOB A/151 BOMIHOBOM KapTuHbI puc. 11.

recurrence

15

5 0 5 2 5 D T
Fig. 15 Period-recurrence spectrum for wave-pattern of Fig. 12
15. &bra A 12. dbréahoz tartozé periédusgyakorisagi spektrum

Puc. 15. CneKT NoBTOPSIEMOCTU NEPUOAOB AJ151 BOSTHOBOA
KapTuHbI puc. 12.

3 Geofizikai Kozlemények XIX. kétet, 3—4. szam — 0228
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The conclusion of the model-tests is that tight coupling (disc-model) blocks
dominant-period vibrations of individual layers. Instead, a single period, de-
pending on the material and sum-thickness ofthe layered disc, will he enhanced.
Loosely coupled two plates, however, reveal vibration-characteristics for both

plates.

Coda-analysis of shallow-focus earthquakes

Our proper aim is now at hand. An endeavour will be made to interprete,
with the model-test background, the surface waves.

The assumption of Aki (1969) concerning the process of coda-generation
is fundamentally correct. It must be, however, completed by the results of
the model test, namely that the scattering objects excite the loosely coupled
plates (layers, or the crust for that matter). The layers start characteristic,
eventually resonant-period, vibrations. It will be tried to calculate the thickness
of layers from their period-response. And if the values obtained in this way,
showed an at least approximate correlation with data collected in another way,
the above explanation of coda would not be thought to be jumping at con-
clusions.

The essential data of the earthquake-analysis are the following. Type of
seismograph : Kirnos, vertical. Location : Sopron. Time-interval of recordings :
1968—69. Number of records: 60. Epicentral distance: 5°<zI°<50° Para-
meters of the Kirnos seismograph: pass, between 1 and 10, is near-constant.
Magnification: 700-fold. Useful paper-transport velocity (as determined by the
pass) 30 mm/min. Actual accuracy of timing: 0,2—0,4 sec.

In order to avoid subjective errors, partly a large volume of data, partly
1 sec period-intervals were used.

When calculating velocity, only epicentral distances were taken into con-
sideration, no other distance-data (e.g. distance ofthe scattering objects) having
been at disposal. Three Figures (16, 17, 18), demonstrating three magnitude-
ranges, testify that coda-periods are almost independent of velocity, thus
neither regular, nor inverse dispersion must be taken into consideration in the
distance range 5°<Ao0<50°.

Before proceeding, it is necessary to examine the dependence of velocity
and period of a few waves of the coda, on distance and magnitude. This can be
carried out by plotting the average-velocity of the last two-three sizable waves
against the distance (with regard to the above-mentioned magnitude-ranges).

Assuming that the relation between velocity and distance can be for-
mulated by

v=aA° +b'(M), (10)

where b'= bM + ¢, then
v=aA°+bM +c (12)

can likewise be written.
The constants of Equ. (11) have been tabulated from the data by the me-

thod of least squares, arriving at the following equation :

u= 0,019 A °-0,32 M -f2,45. (12)
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Fig. 17 Velocity of coda-waves of 5,I<M =s6 in the function of period
17. 4bra 5,1 < M =s6 méret( rengések kéda-hullamainak sebessége a
periddusok fiiggvényében
Puc. 17. 3aBUCMMOCTb CKOPOCTU BOJIH-KOf KonebaHuii pasmepa
51<M "6 oT nepuojga
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Fig. 18 Velocity of coda-waves of 6<M in the function of period
18. 4bra 6<M méret(i rengések kéda-hullamainak sebessége
a periodusok fuggvényében
Puc. 18. 3aBucMMOCTb CKOPOCTU BOJSIH-KOL KonebaHusi pasmepa
6<M o+ nepuoga
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The different v values completed with the belonging 0,32 M values and
plotted against the distance A°, give Fig. 19.

Equ. (12) indicates that v is directly proportional with distance, i.e. to
greater epicentral-distances greater velocities belong.

It is worth remarking that (12) is nothing else than another formulation
of (1). Namely, rearranging (12), the equation

M ——3,12"+ 0,059 d° + 7,65 (13)

is obtained.
Equ. (1) states that the time-span of a shallow-focus earthquake depends

mainly on magnitude, far less on distance. A longer time-span means that
with increasing magnitude, waves of lower velocity can be observed. With
other words: small vs require great M, great vs require small M values.
Equ. (13) likewise contributes to the slight dependence of magnitude on dis-
tance.
By calculating the equation with the same considerations for the period
(Fig. 20),
T=0,043 A°+254 M -6,07. (14)

The coefficient of A° is small, in this case, too; neglecting this quantity in
case of short distance, from (12) and (14) the following relation is obtained
between T and V:

0,39743,12r-5,27=0. (15)

Putting it into words: to greater periods, lower velocities belong. Since T is
one of the last arrivals, Equ. (15) equally informs us about the dispersion and
absorption of waves of different periods. The attention must be drawn to the
fact that the waves in question are the last two-three waves of a coda, con-

Fig. 19 Velocity of the last waves of a coda in the function of distance
19. 4bra A ko6da utolsé hullamainak sebessége a tavolsag fliiggvényében
Puc. 19. 3aBMCHMOCTb CKOPOCTW MOCNELHWX BOAH KOAbl OT PaccTOAHWA
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Fig. 20 Distance-dependence of two-there of the last wave-periods of a coda
20. abra A koda két-harom utolsé hullamanak tavolsagfiiggése
Puc. 20. 3aBMCMMOCTb ABYX-Tpex MOC/AeAHMX BOSMH KOAbl OT PaccTosHUS

sequently, Equ. (15) is suitable to determine the disappearence of waves of a
certain period, from the attenuation-section.

Equ. (12), (13), (14), (15), however, give information, in this way, about
the composition of the termination of coda-waves only. The entire attenuation-
section remains unclarified, i.e. the cited four equations are unsuitable to
examine the full coda-length.

Layer-thickness determination irom coda-waves

Coda-waves involve a significant time-section of surface waves, in fact,
the entire part of slightly varying amplitudes. Consequently, the entire length
requires close examination.

Referring to the model-tests, first of all a dominant period, characteristic
for every coda, is to be searched for. If such a period existed, it could prove
that the attenuation-section is nothing else than the natural-frequency response
of a plate: in this case the plate being a part of the crust, or the entire layered
crust and a part of the mantle-top.

This concept, referring to vibrations of another kind, is not novel at all.
Hardtwig (1962) e.g. stated: “The period-spectra of microseisms reveal extra-
ordinarily sharp recurrence-peaks. Two ways of interpretation are possible:
a) either forced-vibrations are at hand, when the force must oscillate in identi-
cal period, or, b) free oscillations of a relatively well defined and delimited
body are encountered”. Hardtwig himself refers to earlier authors, and, any-
way, it is well known that Wiechert, as early as in 1907, turned the thought
in mind that earthquake-waves and microseisms are innate motions of rock-
slabs of vast extension, or of the crust itself. Wiechert, empirically, assumed
that far-earthquakes are, in general, of 17—18 sec period with a wave-velocity
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of abt. 3,5 km/sec. The layer-thickness, equal to a half wave-length, can be
described by the equation

T 17 5
D=—v=~—3,5230 km.
2 2

This result fairly coincides with recently measured average crustal thickness.

Wiechert, however, must have considered a short section of a shock of a
certain distance. In general, namely, there is empirical proof for this statement,
for the periods of surface waves are usually not of 17—18 sec.

Taking the entire attenuation-section into consideration, waves of different
periods show different recurrences. The recurrence curves of the above-men-
tioned shallow-focus earthquakes, as demonstrated on Figs. 16, 17, 18, reveal a
more realistic tracing of the phenomenon. According to a preliminary assump-
tion, periods are distance-dependent, therefore period-recurrences are taken by
intervals 5°—10°, 10°—20°, 20°—30° and 30°—50°. (It is not necessary to
mention that recurrences in each interval were divided by the number of
shocks in the same interval, in order to reduce recurrence-curves to a single
shock.).

The figures don't reveal the distance-dependence of magnitude as ex-
pressed by Equ. (14). It is, however, true that Equ. (14), as mentioned, refers
only, to a few last waves of a coda. Except for the interval 5°—10°, where
there is one recurrence-peak, two peaks show up in all of the rest of the inter-
vals (Fig. 21).

The recurrence-analysis proved to be so promising that no objection
remained against plotting the period-recurrence reduced to one shock, on a
single graph, for the entire 5°—50° interval. The two peaks show up, in this
way, even more clearly (Fig. 22). With regard, however, to distance-magnitude

recurrence

Fig. 21 Period-recurrence curves of 1000 coda-waves
21. abra 1000 kéda-hullam periédusainak gyakorisagi gorbéje
Puc. 21. Kpusas nosTopsiemocTu nepumogoB 1000 BOMH-KOA
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recurrence

Fig. 22 Period -recurrence curves united
22. abra A periédusgyakorisagi gorbék egyuttes abrazolasa
Puc. 22. CoBmecTHOe npeAcTaB/eHne KPpUBLIX NOBTOPSAEMOCTe NepnoaoB

interrelation, the method of least squares was applied to the entire complex
of data.

According to experiences gained in analysis of microseisms, one is entitled
to assume that distance-dependence is quadratic and magnitude-dependence is
linear. Consequently

T=aA°2+bA°+cM+d. (16)

Having used the 1000 data from the 5°—50° distance-interval to calculate
the constants of (16), the equation

T= —0,0036 A°2+ 0,23 A°+ 0,34 M + 4,36 (17)

has been obtained.

The quadratic part, however, is no more than a formal calculation, since
the function has, at A°=32° an extreme value. Explicitly, this means that T
increases from zero to 32°, thereafter it decreases. This contradicts to actual
experiences in the study of surface waves, thus it can easily be rejected.
A linear smoothing was applied, omitting data of the 5°—10° interval, for this
interval showed one peak only. Thus, 729 data have been left, but all of approxi-
mately identical recurrence. This way, the following equation was obtained

T =0,042 A°+ 0,0016 iY +8,46. (18)

describing the properties of coda-waves from the 10°—50° interval better.
It was stated earlier (see Figs. 16, 17, 18) that periods cannot depend con-
siderably on distance. Equ. (18) conveys the intelligence that periods, among
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them the dominant one, are apt to shift; namely, the period 7—8 sec shifts
toward 9—10 sec with increasing distance. The physical meaning of this
phenomenon is that increasing distance gives a chance to absorption and to
waves with a period-response characteristic for thicker units (layers). Putting
it into an explicit form: in case of epicentral distances ii</1°<5°, low-period
peaks (characteristic for near-surface layers), in case of e.d. 5°< A°< 10°
7—8 sec peaks (characteristic for a complex of such a period-response), are
obtained, in case of 10<d°, higher period peaks (characteristic for a thick

unit) dominate.
The fact that the coefficient of M is small, is of particular interest: it

serves, namely, as another proofofthe plate-vibration character of coda-waves.
As it is well known, the pitch-level of a vibrating string or plate is independent
of the amplitude of vibration, it depends only on the material, thickness and

stress of the string or plate.

The smallness of the coefficient in question is remarkable anyway, for the
period of body waves and surface waves is magnitude-dependent, as a rule.
Thus the result obtained and explained so far, proves the origin of coda-waves
to be different from theirs, and proves the coda-waves to be nearly insensitive

to distance.
The next step of approach is to assume vibrations highly similar to Ray-

leigh-waves (Habdtwig, 1962).
Regarding plane waves, the solutions of the wave-equation can thus be

written
n=clxXx, z) cos Je(x—Vt)

V—c 10 rax, 2) sin k(x—Vi)
/1-2x0

where
I x(k, z) = e~ —(1—*0)e~22
rNo(k, z) = —(1—*0e_7?z+ e~"z.

Substituting the solutions in the equations of condition, the following term
is obtained:
3*g—12*0+14*0—4==0.

The only solution which can be selected from this, is that which is smaller than
the unit. Thus, the coefficient *0= 1—1==0,42265. C, and parameters

<h=+* ]/1 —2/3 «*0 (l,= +*]/1 - 2*0

jointly determine the attenuation of amplitudes with depth. The values of gx
and g2are given by the following terms:

it 2
C[X=")- +0.8475 g2=—"0.3933

where Ais the wave-length.
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It was mentioned above that codas don’t originate from a point-source,
not even from a linear-source. In fact, they have a source-area. Thus, velocity
determination is rather uncertain. If accepting the velocity value F =32
km/sec observed in microseisms, the following values are obtained

29¢0.8475 1 1
21= 32 T = 0-772 -,
2n-0.3933 1 1
io. 32 .4 = 1.6640=-,

Hence, longer periods are less attenuated with depth.
The amplitudes of u and w are

N=cl\{k, 2) l=c *—-g=raA 2).
VI-2«0
When determining constant ¢, the amplitude of horizontal displacement along
the surface z=0 should be the unit.

1=clYk, 0)=Cx0; hence, c=— .
bal

So, the amplitude of vertical displacement on the plane z=0 is 1,4679. This is
quite natural, for in the process of particle-motion of Rayleigh-waves, the rate
of major and minor axes of the ellipse is just the above value. Rayleigh-waves
satisfying this consideration can, only in infinite half-space, arise. To turn the
pattern into plate-model, it is necessary, after Hard twig, to assume a layer
coupled to another underneath, but through a very thin intermediate layer,
i.e. loosely. In this intermediate,—one might say transitional—layer, ampli-
tudes are apt to decrease rapidly. Let two waves of periods T, resp. T', of
vertical amplitudes Z, resp. Z' on the surface, change their amplitudes to |0,
resp. 16 in depth Z0.
Let us approach the nature of the decrease in the following manner:

z Jo and £ =fo0.
n n

Then
Z' IO
z~-\/
with earlier determined values :
TT' Inf (19)
(T'—T)0.772 '

Since period-recurrence curves showed identical peaks, it was easy to pre-
sume, that the period-values of the peak-range were in the above relation with
the plate-thickness searched for.

To calculate Equ. (19) numerically, an amplitude vs. period graph is
necessary. For this reason, only an abt. one fifth part of the data of Fig. 23 is
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suitable. This curtailing is caused by the particle-motion of coda-waves. Only
a part of the wave-pattern can be identified as Rayleigh-type waves, therefore
only such waves of the vertical components were taken into consideration,
where clear period-values were accompanied by rapid amplitude-change. The
number of data: 182, but only their 50% satisfy the above condition, the other
50% have been selected at random.

Periods vs. amplitudes, smoothed with a quadratic curve (using the least
squares method), gave the following formula:

T=-0,47 22+ 4,287+ 1,83. (20)

The T,T' and Z,Z" series, for the surroundings of the first recurrence-peak
around 7—38 sec, are demonstrated (calculated with overlapping period-inter-
vals) on Table I. The mean value of z0is 18,4 km.

Table I'l shows the same series for period-range around 9—10 sec. The mean
value of z0, in this range, is 29,63 km.

The round numbers: 7—8 and 9—10 sec are, actually, varying between
7,6 and 8,5, and 9,6 —10,5 respectively. This fact may introduce some slight

Puc. 23
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recurrence

Fig. 24 Recurrence curve for overlapping
period-intervals

24. &bra Az egymast fed6 periédus-interval-

lumokra szamitott gyakorisadgi gdrbe

Puc. 24. KpuBas MOBTOPSEMOCTM, pacuuTaHHas Ans
nepekpbiBalOLWNX APYT Apyra WHTEpBanoB Me puojoB

7,475
7,475
7,748
7,748
8,139
8,139
8,389
8,389
8,510
8,629

9,395
9,688
9,688
9,960
9,960
10,210
10,210
10,366
10,366
10,512
10,512

7,612
7,748
7,880
8,011
8,265
8,389
8,510
8,629
8,745
8,745

9,592

9,781

9,871
10,045
10,129
10,289
10,366
10,440
10,512
10,581
10,713

1,60
1,60
1,70
1,70
1,85
1,85
1,95
1,95
2,00
2,05

2,40
2,55
2,55
2,70
2,70
2,85
2,85
2,95
2,95
3,05
3,05
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calcitational error, and is res-
ponsible for relatively large
deviations on the tables.

The results of calculations
with overlapping period-inter-
vals is demonstrated on Pig.
24. Beside the two maxima
mentioned, a weak maximum
shows up between 5—7sec, too.
The corresponding depth is
13,7 km. Its significance
doesn’t even come near to that
of the former ones, but it is
thought to be worth of men-
tioning.

Table I.

z Z,

1,65 16,42
1,70 16,74
1,75 17,11
1,80 17,52
1,90 18,51
1,95 18,57
2,00 20,11
2,05 19,17
2,10 20,06
2,10 19,80

Table I'l.

z Z

2,50 24,42
2,60 26,00
2,65 25,90
2,75 28,60
2,80 28,24
2,90 30,40
2,95 30,25
3,00 31,80
3,05 32,20
3,10 33,30
3,20 34,80
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When sampling the Xecords, coda-waves have arbitrarily been considered
as Rayleigh-waves. In reality, however, codas must be composed of several
kinds of surface waves. To extinguish any other components, first of all a
vertical seismograph was, as mentioned, used. Secondly, for a special coda-
analysis such an earthquake was selected, where the tangent of the great circle
traversing the epicentre and the recording-station was E-W oriented, con-
sequently Rayleigh-type waves could best be expected on the vertical and
E-W component. The particle-motion, sampled from certain sections of the
coda, is demonstrated on Eig. 25. Although no completely clear Rayleigh-
ellipse could be expected, the overwhelming majority of the graphs show par-
ticlemotions approximating forward or backward rotating ellipses.

Not every wave of a complete coda, however, approximates the Rayleigh
wave even to such an extent. Nevertheless, the amplitudes of all measurable
waves (1000 data!) have been plotted against period (Fig. 26). The mass of
data is very similar to the figure of Kaxai et al. (1954) obtained for short-
period microseisms. The only essential difference is that the bottom-dots on
Fig. 26 show a decided thickening. It is interesting to note, how the coda-
pattern reminds of that of microseisms.

Just for sure, the phenomenon was subjected to another test. To turn the
dots into a quadratic function of period vs. amplitude, however, required some
trick, for the “cloud” of dots was too scattered. It was assumed that to zero
periods, zero amplitudes belong, and their number was equalled to the number
of dots. The equation of the curve obtained in this way is:

—0,32 22+ 4,132 +1,98.

Comparing this equation to the former one (the curve of which is likewise
plotted on Fig. 26), the difference is, apparently, rather slight. The deviation,
however, increases toward higher periods, and for good reasons : the first equat-
ion was based on systematically selected data, the second, on every data. In
establishing the first equation, no high periods were needed, because the three
peaks pre-selected the ranges of interest. It is obvious that the second curve
was “pulled down” by the higher periods. The quadratic nature of the curve
is likewise questionable, and the whole problem requires further investigations,
moreover: it indicates a possible direction of research.

It has not been mentioned so far that the thickness-data, if regarded as
referring to crustal structure (to the Conrad, and Moho surface, namely), are
very close to those obtained by ESS (Mittjch—P osgay, 1967/68). The value
29,63 km might symbolize the maximum thickness of the crust of the Car-
pathian Basin, for the crust of this region is a cupola-bottomed plane-concave
slab (the least DSS thickness is abt. 23 km), for the station is situated on the
margin of the basin. The value 18,4 km coincides, almost within the order of
meters, with the DSS-determined Conrad depth. This might mean that the
granitoid part of the crust is plane-parallel, contrarily to the entire crust.

Anyway, it seems to have been a successful endeavour, utilizing the period-
recurrence and period vs. amplitude relation of coda-waves, to obtain data for
crustal structure; data which are fairly supported by other results. The con-
cept, consequently, must have been correct: the explanation of coda-waves by
plate-vibrations is not irrealistic at all.

The only problem left, is the loose coupling. Many explanations can be,



Fig. 25 Particle-motion ofan earthquake of 26, 7 (22, 49, 41,3),
1969?)=21,6 N /1=1119E If=6,4

25. dbra 1969. VII. 25 22 49 41,3 =21,6 N A=I111,9 E, M= 5,4 rengés
kéda-hullamainak részecskemozgésa

Puc. 25. CmelleHUe YacTUL, BONH-KOJ 3eMNeTPACEHUs, MPouCLUIefLIero
25 V11 1969, 22 49 41,3, ?>=216 N, A=1119 E, M= 54.
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and actually have been advanced about the nature of the “intermediate
layers” (e.g. Muller—Landisman, 1966). It is a matter of fact, that the
clarification of this phenomenon requires a great deal of further investigations.

Anyway, if one accepts the loose coupling for a fact, the interpretation of
Equ. (Ia) will be easier at once.

In such a case, namely, the necessary considerations are rather simple and,
besides, consistent with observed and reported facts. The pattern is as follows:
the wide-band waves generated in the source-area of the epicenter, in great
majority correspond in their period to the natural periods of the plates (layers,
crustal layers) at hand, and travel forth as plate-vibrations. The absorption
coefficient of surface waves is small, thus the energy-loss during the travel is
likewise slight. Hence, it is easy to comprehend, why the duration of the surface
waves (as described by Equ. [la]) is not significantly depending on distance.
During the travel, their dominant periods always correspond to the local
structural properties (material, thickness) of the plate, i.e. to the periods de-
pending on these properties. The data, in which the phenomenon reveals
itself, albeit statistically random, are suitable to determine and to trace crustal
structure traversed by these waves.

The possible ways of further investigations :

1. whether there is or there is not a recurrence-peak in the ultra-long
period-range; if yes, perhaps it would be suitable to trace the depth-variation
of the Gutenberg-channel, and what the correlation is between the depth-data
obtained this way and by other means (e.g. MTS);

2. model-experiments should clarify such forms of coupling which allow
quasi-free plate-vibrations;

3. consideration should be given to turning these investigations over to the
applied field, namely, to test plate-thickness determinations in the near-surface
layers (within the reach of geophysical exploration) ;

4. it is suggested to extend these investigations to regions, considerably
differring from the Carpathian Basin; it is thought, namely, that paltform-
regions, shields, especially with a thick station-network, are even more suitable
for such investigations than the small, closed, unevenly thin-crusted Carpathian
Basin.

These tasks, however, exceed the intention of the present paper.
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The series of coherent multipoles of the magnetic potential field of the excentric Earth-
dipole. XV 1I1I. kotet, 3., 59—96. oldal.
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1966:

Gravitaciés mélységszamitas lgai kornyékén.

Depth determination from gravity data in the area of Igai. XV. kdtet, 1—4., 133 —147.
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The regional character of plumb-line deflection. VI. kdtet, 1—2., 61 —67. oldal.

1959:

A magyar orszagos gravitaciés alaphalézat végleges feldolgozasa.
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Magyarorszag mélyszerkezetének gravitaciés vizsgalata.
Gravimetrische Untersuchung der Tiefstruktur von Ungarn. XIV. kotet, 1—4., 103—114.

oldal.

Schneider, M., 1967 :

A vertikalis inga alkalmazasa fiiggévonal-ingadozasok kimutatasara.
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The national magnetic network of Hungary in 1964—65. XV III. kotet, 3.



64

1969:

A foldmagneses elemek valtozasa az 1966-0s szekularis mérés szerint.
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Observations of the gravitational effects of the Sun and the Moon, in Hungary. XIII.
kotet, 1., 39—48. oldal.
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IX. kétet, 1—2., 77—78. oldal.

Experimentelle Lésung der inversen gravimetrischen und magnetometrischen Aufgabe.
IX. kétet, 1—2., 78—79. oldal.

Zilahi-Sebess Laszl6, 1964:

Regionalis és maradékanomalidk meghatdrozasa gépi szamitassal.
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