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On the Coda Waves of Earthquake Motions, (Part 4}

By Syun'itiro Omoto
Earthquake Reseurch Institute

Chepter 5, Periodgram Andlysis of Coda Oseillations,

In the preceding Chaptors studics have been made on the

‘coda oscillations of 53 earthymekes, and their predominant

periods have been determincd from the curvos of the succossive.
one minute means of the periocds of code coscillations, In tho
presont Chapter, with a view to cstablishing more definitely
the perlodicitics in coda oscillations, a method of pericd-

_grom anelysis has.been resorted to, ‘

The periodgrems have been prepared of cight sclected carth- :
quakes, two of which had epicontral distanccs less than 1,000km,
one about 2,000km, two others about 4,000km, and the remaining
three emcoeding 10,000km, The results are seen in Figs, °
5-18. The poriodgrans on the second coda waves of extremely

-distant oarthquakes show very high peaks at p=l6sec, (Figs, 17,

18), whilc some poriodgrams of the first coda waves show two

‘high poaks as seon in Figs, 15, 16, OQuc of these two penks is

always scen at a poriod that agrees woll with the predominant
poriod of the sanc earthquakc determined in the prevceding
Chapters, while tho other peak is secn et the period T about

20seconds in all the earthquakos regardless of the difforence

in their opicentral distances,

Chapter 6, Analysis of Ceda Uscillations by Takahasi-
: Husimi's Method, : . '

From the results of the periodgram analysis explained in
the previous Chapter-we have learned that there are two peaks

~of different periods in almost overy pericdgram obbained from

the oscillation curves of. the first coda waves, This fact
nade us conjecture that thore exist two sorts of waves with

- different periods in the first coda oscillations, On the

other hand, in diagrems obtained from the sscillations in

tho second coda waves, woe find only a single pesak at p=6
sceonds, But it must be.nocticed that such diagrams of periods:
as givon in the provious Chapter indicate only the range of
possible periods which can be usefully cxplored by n detailed
analysis, For the purpose of determining more exactly the

two poriod of the first coda oscillations as well as the

single period of the sccond coda, detailed anelysis on coda-

-
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v ‘aSGillatians were carried sut by Tekehasi-Husimi's method in
- the present Chapter, When a vibrating system is exposed te an
irreguler external ferce, the equatien of . 1ts motzcnl*s civen X
By E42gx+mnirs = £ (1), )

‘ihere € end nare the c@efflclent of damplng end the circular
. frequeney of the vibrating system respectively, end f{t) is

 ‘ the extermal ferce of irregular nature, lakahasi prepesed

that in such a ease it is p@ssible to find out the twe cen-
stahts & andn from the curve recsrded by the vibrating systen

" by the new mothed of omelysis devised by him,

The present auther: expaﬁded his theerem and proved that this
methed ef analysis is alss applicable when the extermal ferce
cemptises not only en utterly irregular term such as ¢ {t),

. but alsec a tvrm.that represents a periedic motion of damping

" peture, say A& sinpt, We carried out the calculutiens by
Tak&hasiqﬁusimi‘s methed of snalysis en the ceda waves of N
ten earthquakes Seloctod eut @f the 53 that were studied in
Chapters: -4,

.~ Thgse ten: earthqu&kes and the p@rtlens of their co&& osecilla~
. tighs regarding which the analyse have beeon made are tabulated . -
in Table I, The oseillatien curves ebteined as the result

lef the snalysis are seem in Figs, 1-7, In case the external

ferce centains a periedic thirm, the curve te be ebkained
frem the caleulations by Takahasi-Husimi's method of analysis
wiil be o cempesite ene made up of twe sine curves of dampe
..iﬁw; nwture whose damping ceeffivients and circular frequ-
- ‘emcies are ai ferent from .each ether, ‘
Ts: ﬁec@mp@se such a eurve into its twe cemponent. curves
" By the aid ef the method ef least square, is a laberious
werk invelving elaberate calculations, but it is pessible,
The calculatien of least square has been carried out, the . = '
‘eurve has been decempesed, and thus we have been able te - ‘
find eut separately the cireular frequency end ¥Yhe damping
coefficient of each ef these twe cempenent curves, Perieds :
determined frem these curves by means ef culculatlens of
‘least squeres, or mere 51mn4y frem their wraph , are seen
in Tables III, IV, VIII, " ° :

" In the Table wmnatlcﬂ firstly, that the 101rs£ ceoda
escillations centain twe swrts of waves of different periods’
which are demeted as Ty and T, in the Table, When we cempare

.. the peried Tl with the predeminant peried determined in the -

. preceding Chapbers, we at ence sec that the two agree with
each ether very well in ths resgeotlve earthquaxes. The
perisé Tg, en the ether hand, is abeut 20 seeands with all
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tho earthquekes in spite of the differcnce of their epicentral
~distances.. Earthquakes in which the Tp period of about 20 sec,
is observed are the New Guinea (a= 4, 750kn), the- Mexico,  the
Peru and Chili earthquaokes, the last three piving epicentral
distances exceeding 10,000km, 411 curves caloualted from the
second coda oscillations are very regular sine curyes, and
their periods are all 16 seconds, Damping coefficients of
these curves arc also vory small, The poriod of 16 ‘rocond
is observed not only in curves calculated from the second
coda. waves but also sometimes ,in curves valoulated from the
first coda osoillations, as in the case of the Kagi (a=2380km),
the Colebes (4=4500km), and the New Guinea {A =4750k1) carth-
quakes, The Ty periods of 'these earthgrikes are 10,3, 15,4
and 15,4 ssconds respectively, all very near the value of
T, period, - : } T
Doamping ratios of these curves aré tabuleted in Table -
-VIII, 4&s secn in the Table, dampings of curves that have T
" periods are larger than those of ourves with T, or-Ig peric&.
From all these facts found out in the present Chapter, .
it will not be unreasonable to conclude that Ty snd Tz are
the periods proper to the vibreting system, while Ty fa

the period of the external force,

Chapter 7. On the free .oscillations of the earth's
, surface layers revealed in the ossillavion . - .*
- periods of coda waves,

N } . . .

, From the studies moade in the preceding Chepbers, it has
becom¥ clear that three sorts of waves of different periods,
‘denoted here by Ty, T, and Ty, respectively, are to be scen in
the coda oscillations of earghquake fotions, Closer oonsideoras.
tions will be given to these waves in this Chapter and in the’
next, the former being devoted to the study of the waves of f
and T pericds., Our essumption in the previous Chapter that
theseo %WO periods, Tp and Tg, represented the free oscillation
‘periods of the earth's surface loyers was besed upon the more
fect that they retain eonshant values with 2ll the earthquakes
irrespective of their different epicentral distances. The
object of the present Chapter is to afford more concrete
bases to this assumption by enlculating the free oscillation
periods of the lmyers, , | '

We have sufficiently clear knowledge on the structure of

the earth's surface layers, that the question at issue is, when
. thers tekes place in a surfrce layer o stationary oscillation
that has the node point at the lower boundary of the layer and
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the loop of the freo surface of the certh's orust, what poriod
is ‘4o be e&peoted.of such-nm oscillation? Now we will assume
with Z. FKiposita that this layer, which has already been cal-
culatod te be 4km thick by rrofessor T, Matuzawa, is covered
by & thin{layer of several hundrod meters in thickness, '
If wo letithe vortical axis of x be drawn verbically upward
fron tho lower boundary of the thicker leyer, and let the
displneenenis, densities, rigidities and thiclkmesses of the
seecnd and thié first be represented by u', p', &', H' u'',

~7M,A1r e rﬁﬁpectively, the mode of oscillaticns in thosse -

: 155.3,—0(2:; i1l be cxpressed by u"=icos 4B ;3 wW=hx.
Thc%%under suiteble boundary conditions we will determinc
twofoonstants 4 end B, and, following Rayleigh=Ritz's method

T vqﬂwélﬁculgtidgs, equate the maximumn kinetic energy to the

§

maximumn'potenﬁial energy of vibrating systems, and we got
tho froquency equakion. ‘When this ewuation is resolved,
the pericd T that is to be expected from such a stationary
cscillation will be given by the formula given in equatimn
(34,13) in this chapter,  If we assunc the numerioal cons-
tants detormining the physienl qualities of these layers %o
be as seon in Table IV, the oscillatien period T of the
stationary waves in these layors will be T=16 seconds, the

thickness of the first and the sceond layers being cstimated . .

at 0,38km and 2.95km rospectively. S
Woxt we will take into consideration a third layer,
lying boneath the two layors mentioned above, whose thicknesa,

, according to the investigations of Frofessor T, Matsuzawa,

is l6laa,
Making cclculations in the seme manner as-in the case
of two layers we can get the oscillation peried T of the .
stationary woves taking place in threc layers,. The formula
of T is piven in equation (34,21), Numerical values »f phy-
sital constents of the third layer will be found in Table
IV, From these data tho period of the stationary ¢scilla-
tion in thesc throe layors will be caloulated to be - T=2C
soeeonds, provided ths thickness of the third layer is about
16k, ' ' ‘
The studies in the present Chapter have mede it clear
to us that the oscillation period of the stationary waves in
" the upper two layers (d",d') will be 16 seconds, and of those
in three layors inclusive {d",d',d) will be 20 seconds, d4",d’
and d being understood to be 0,83km, 2,95km, and 17,1lkm
respettively.

Thus it may be reasonably concluded that the two prédcﬁia

nating periods Tp=20sec, and Tz 16sec., appedring in the coda
", ‘
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oscillations of earthguake motions, represent the free oscilla-
tion periods of the earth's surface layers., :

Chapter 8. Coda waves of T; period.

' The relation between the period Ty the epicentral -distance
“'is shown by a curve in Flg.l This curve indicates that as -
~ the epkcentral distance increases T, also ingcreescs, )

© Assuming that, by the effect of the inner friction in the
earth's crust the length of seismic waves becomes greater
and greater w1th the increase of the epicentral distance, Dr,
B. Gutenberg put T=(Te+®a/s3 )™, where T is the periad of
seismic waves at the distancea from the epicentre, To that
of the waves at their starting point, V the velocity of the
waves which we assume to be V=3 zm/sec.,o( is & values pro=-
porticnal to W= W24 )/ where )\ end 4/are the voluminal .
and equlvclunmal v1scos1’cles, and p the density, -
Denoting by the coefficient of viscosity we are able to
put —‘—*12 =1 po Lssuming that the above equation holds good in
" a relation ‘shown in Tig,1l, we. determined the value .of T and
o by laeast square method to be. To=T7.1 sect 0.1 sec .A=0,5,
From this a resonable value ofvz has been given as =0, 4xJo’°cg's

From these considerations it may safely be said thet T

represents a periocd of waves whose length increases—with. the
epicentral distance omaccount of the internel friction in
“the earth's crust and, a probable. interpretation may thus be
given to the ‘1'1 pGrlod of the codo. osc:.llatlons,_- '
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