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1. Introduction

In a previous paper”, A~4 and T~4 relations of several destructive
earthquakes of medium class were studied, and formulas of a kind of
spectrum at the source were derived. The problem is studied again in
the hope of getting a standard formula that may give in effect a mean
source spectrum of ¢ shallow and destructive’’ earthquakes and may be
related to the mechanism of radiation of earthquake energy. To arrive
at any decisive conclusion, there are as yet too many unknown or am-
biguous factors in observations. In this paper, a way of thinking is
presented which is expected to be improved in the future.

The results in the previous paper are as follows:

B(T)=C. exp(—sT?, (1)
C=7.25x10* pr.km'?, s=0.06 sec?,

for Shizuoka earthquake of 1935, whose Magnitude is 6.3 by J.M.A.
For Shionomisaki earthquake of 1948, whose Magnitude is 7.2 by J.M.A.
or 7.3 by Gutenberg,

B(T)=C. exp(—aT'? (2)
C=2x10° p.km'?, a=1.2sec™'?,
The periods T for which (1) and (2) are applicable are roughly from 2

to 4sec. for the former and from 3 to 6sec. for the latter, since those
are the calculated periods of ¢ Maximum amplitude’’ in the range of

1) R. YosHIYAMA, ¢ Maximum Amplitude and Epicentral Distance.—Proposed a Theo-
retical Elucidation of Empirical Formulas and Some Development.—’> Bull. Earthg. Res.
Inst., 37 (1959), 389-404.




2 / R. YOSHIYAMA

epicentral distances concerned in the analysis. As to the band of short
period, which contributes to the ‘‘ Maximum amplitude’’ at small dis-
tances, neither (1) nor (2) seems reasonable, because particle velocity
and acceleration calculated thereof are divergent at 7'=0. The upper-
most limit of particle velocity of a wave is not free from the compres-
sive or shearing strength of the medium ; it must be given by ev, where
¢ is an ultimate strain and v velocity of propagation of the wave, and
is equal to 150cm/sec, if we put ¢=5-10"* and v=3km/sec. Though
observations are not sufficient to estimate the ultimate strain for an
oscillatory motion of high frequency, 150 cm/sec would be a maximum
possible value, and a velocity of particle motion less than this would be
presumable in general. Moreover, so long as we assume the earthquake-
generating forces in purely internal forces, a certain limitation of the
particle velocity, subject to a solid friction of the medium, is reasonable.
So that, if we put B(T)=B,T" at T=0, n=1. Anyway, (1) and (2) will
give decidedly too large a value for the band of short period, though
the observations of ‘‘ Maximum amplitudes’’ at short epicentral distances
to confirm it are not sure at present.

On the other hand, judging from the observations of ‘‘ Maximum
amplitudes’’ at large distances, amplitudes of wave of long period cal-
culated from (2), not to speak of (1), seem too small.

2. General view of spectrum

Reflecting upon the process in the previous paper, those exponential
functions of (1) and (2) were derived so that the empirical formula of
T~4 relation may be given as simply as possible without any general
reasoning ; it was conventionally assumed that Toc 4", a linear relation
in a logarithmic seale. However, it is plausible neither that the period
of the waves of ‘ Maximum amplitude’’ is equal to zero at the epicentre
nor that it gets so large as 4" with increasing 4; there will practically
be some limits on both sides that respectively depend on the Magnitude
of the earthquake as is schematically shown in Fig. 1. In Fig. 10~12
of the previous paper, we can see that, at small distances, the deviation
of the observations from a linear relation is in the sense expected from
Fig. 1. At large distances, whether the deviation is in the sense ex-
pected or not, it is not yet clear. A presumable amplitude spectrum
at the origin, that accords with the T'~4 relation given in Fig. 1, is
such like that shown in Fig. 2, instead of the formula (1) or (2), either
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of which being ever decreasing with
> increasing T. Another theoretical weak
point of the formula (1) or (2) is that,
each of them being separately derived,
there is no general guiding principle in
the mathematical formulation of the
presumable spectrum. The number of
peaks in the spectrum may not be
necessarily single; there would be some
or many, proper to each earthquake,
Fig. 1. Schematic representa- even if confined to remarkable ones;
tion of presumable, expected to be . .
observed, T~4 relation. Fig. 2 would be accepted to give a general
——: assumption in this paper. view of the spectrum at the source. Some
---: assumption in the previous presumable points of its quality can be

log T

log A

paper. deduced from various information and

reasoning. Though, as yet, information

- — . presumable spectrum may not be enough to develop the

g ——— - formula (11 or (2) reasoning, some of them are pointed out
T~ M Fig. 2 in the following.

The height of the peak and the
corresponding period 7T, depend chiefly
on the Magnitude of the earthquake and
depth of its origin; the larger the

~ earthquake, the higher is the peak and
Te_ T the longer the period. At a very short
. . period, i. e., at ““ @ ’’ in Fig. 2, very large
Fig. 2. Schematic representa- . . .
tion of presumable source spectrum acceleration is observed in some cases at
in accordance with the T~4 the epicentre; therefore, we can not
relation in Fig. 1. presume a limit of the acceleration from
observations. Hence, if we put B(T)
=B,T" at T'— 0, nothing is added at present to that n=1, that was
obtained already in the preceding section.

Energy of an earthquake would spread out from the origin as various
kinds of seismic waves: a part of it, with a short period, may go out
as bodily waves, P or S waves; the remaining part as surface waves,
Rayleigh or Love waves. The limit, if any, of period of waves where
the one is separated from the other would depend on the depth and
the extension of the earthquake origin. Then, that shown in Fig. 2 is
a resultant of two kinds of speetrum, those of bodily waves and surface
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waves, or, speaking in detail still more, four kinds of spectrum, those
of P, S, Rayleigh and Love waves; each of them would be similar in
feature to that of Fig. 2 with each peak and each period of the peak.
It is natural to assume at present that, in a destructive earthquake of
shallow depth, the main part of the energy is in the surface waves. Strictly
speaking, if earthquake energy is really given by the generally used
Magnitude-energy formula, we might say that it is transmitted by a wave
of ‘““Maximum amplitude’’, the nature of which is still unknown, but,
certainly, the wave is a resultant of S wave and surface wave at short
epicentral distances and is a surface wave at large distances.

Another remarkable information of the spectrum is a conclusion of
“constant velocity’’ obtained by seismological engineers. Accuracies
and generality of the analysis are not clear enough to accept the con-
clusion as one of principle in seismology. If it were established by
future analysis of high accuracy, it is not theoretically appropriate to
regard it as, though it looks like, a principle of the same significance
with the principle of ‘‘equipartition of energy’ in physics, because the
principle in physies is concerned with a microscopic law, while the con-
clusion above stated, so it seems, is concerned with macroscopic obser-
vations. If any principle analogical to that in physics is presumable in
seismology, too, assuming at the earthquake origin a number of oscil-
lators, or a number of wave sources, subject to the principle, and as-
suming a law of probability of being in phase or off phase at the time
of occurrence of an earthquake for the interference among the waves
therefrom, a theoretical curve from ‘“a’ to ‘““b’’ in Fig. 2 may be
traced. However, the process of the reasoning needs numerous assump-
tions perhaps far beyond our knowledge of observations at present. In
short, the conclusion among the seismological engineers may at present
merely suggest a comparatively smooth increase of the curve from a to
the peak m in Fig. 2, without, however, indicating where the peak is;
the range of pericd of seismic waves where the law of ¢ constant
velocity ”’ is expected among the seismological engineers is not clear.
At present, therefore, it is preferable to set some plausible and basic
assumptions to build a presumable spectrum at the source of earthquake
in acecordance with Fig. 2. Those assumptions are expected, on the one
side, to explain the observations of T~4 and A~4 relations, and, on
the other side, to be induced in future to a fundamental law of radia-
tion of earthquake energies.
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3. Assumption of the mechanism of energy radiation of an earthquake

It is already and generally assumed elsewhere that, to a seismic
wave with a period T, a source of radius v7 is necessarily correspondent,
where v is approximately equal to the velocity of propagation of the
wave. However, any assumption is not yet presented of the relation
between the source energy and the ‘‘ Maximum amplitude ”’ of the wave.
The expected assumption is clearly related to the time rate or mechanism
of energy radiation in earthquakes and to the physics of an initial or
a boundary condition which is imposed on mathematically in a theoretical
study of generation of a wave. As to observations related to the problem,
various kinds of empirical formula among ‘‘ Maximum amplitude’’, its
period, its time of duration and so on are presentend from which
Gutenberg and Richter worked out their Magnitude-energy formula;
those formulas implicate in nature the relation in question. However,
judging partly from the fact that gradual changes of the Magnitude-
energy formula are still going on, it seems those formulas are not yet
sure enough to deduce the expected relation. So considered in four
steps, we assume as follows:

1) w(T)=E&(¢)
where @(T) is particle velocity due to the wave with a period T, < is
density of energy calculated from earthquake energy E and the volume
of the wave source by, when T is not very small,

T =3E/4z(vT)?, (3)

and, if we use the notation in the previous paper, #(T)=2zB(T)/T.

2) Main term of &(%) is (¥)¥? in accordance with the dimensions
of % and energy.

3) Even when & — oo, %(T) tends to a certain limiting value.

4) There is a lower limit of energy density for a radiation of
earthquake energy, &(7), and we put &(T)=pg/T".

As one of the functions, as simple as possible, satisfying these
assumptions, we put

£(3)=p"4/E=5T) (4)
1+a's

and &(T)=p'/T, where 7/, &’ and f’ are certain constants, expected to
be universal for earthquakes, if the assumptions here introduced have
any physical meaning. Putting (3) into (4), we get a final result,
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B(T)=yT,/1=BT"
)=/ 1FT (5)

where 7=p//27vV'e/, a=47v*|3a’E and f=47v*f'/3E. It is expected from
the assumptions that y is a universal constant, or, at least, shifts but
slightly from earthquake to earthquake, while « and B are reciprocally
proportional to the energy of the earthquake.

So long as |aT?*| <1 and |AT% <1, (5) gives a spectrum of * velocity
constant”. If the source spectrum of an earthquake is given by {5)
and the law of attenuation of a wave with a period T by exp{—f(T)4}
[4™, ‘“Maximum amplitude A and its period 7'’ in relation to the
epicentral distance will be given by the following equations as already
deduced in the previous paper.

d_ B)=4.9%
o7 log(V-B) T (6)
log 4™ A=log (V-B)—f(T)4, (7)

where V=1/+/(1—X%?+4h*X?, X=T|T, T, being the free vibration
period of the seismograph used in the observation. The only difference
between these formulas and those in the previous paper, (7) and (8),
lies in that the effect V of the seismograph’s constant is taken into
consideration. Strictly speaking, circumstances of observations of * Maxi-
mum amplitude and its period’’ are too complicated and confusing even
at present to correct the effect with a few factors. In this paper, it
is assumed that T,=5sec and h?=0.85, damping ratio thereof being 10:1.
These figures will be accepted as a mean value of the constants of
seismograph used in routine observation in Japan, though it seems
doubtful that those characteristics of the seismograph were kept always
constant. As to f(T) and n, it is reasonable to assume f(T)=k/T,
k=(5~10) X107, n,=1/2 for large T and m,=1 for small 7. The last
assumption may be substituted by that n,=1/2 for large epicentral
distances and m,=1 for small ones. In this paper, n,=1/2 is used.

4. Cut-off period and period of “ Maximum
amplitude’’ at the epicentre

From (5), the largest, or, say, a cut-off period 7T, is introduced
such that
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T.=(1/p)"
o ()2 (8)

in an earthquake with energy E. At present, we have no information
about 7.; moreover, according to the way how to understand the ‘‘ source
spectrum of an earthquake’’, there may be no cut-off period at all.
However, if we put aside the natural breadth of the spectrum attached
to a phenomenon of a limited time of duration, it seems reasonable to
presume a practical upper limit of period in the spectrum of waves for
each earthquake according to its Magnitude, especially when it is a small
one. T, reveals itself as a period of ‘“ Maximum amplitude’” at a large
distance where the amplitude is as small as a noise.

From (6), period of ¢ Maximum amplitude’ at the epicentre is,
putting 4=0, given by

Ty=(2/a)"*
o< (B)? (9)

To cover all the cases, from destructive earthquakes to minor shallow
ones, by (9), an effective difference of velocity v of propagation of the
wave in each earthquake should not be neglected; therefore, T, of a
very small shallow earthquake may be a little longer than that expected
at once from (9). T, is also a practical limit of period of wave for
which the ‘‘ constant velocity ”’ is expected at the epicentre. Any way,
propriety or impropriety of the assumption (5) is examined in the ob-
servation by (9). Concerning the underwater explosion,” it seems already
proved experimentally that time-scaling factor is proportional to a cube-
root of energy of explosives. On the other hand, for earthquakes, the
following formula is presented by Gutenberg and Richter,”

logm T0=_1.1+0-1M (10)
with

log,,E=11.4+15M
Though the meaning of 7T, in (10) may be somewhat different from that

of T, in (9), a principle suggested by (9) is, nevertheless, discordant
with (10). But, if we put in (4),

2) R. H. CoLE, Underwater Explosions (Princeton Univ., 1948).
3) B. GurenBERG and C. F. RICHTER, Bull. Seism. Sec. Am., 46 (1956), 105-143.
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T E/T, n=18~20, (11)

instead of (3), a formula concordant with (10) may be easily obtained.
If the formula (10) is the one empirically established, theoretical reason-
ing should be developed based on it; at least, n in (11) should be assumed
6~10 as a mean value of 3 and 18~20. However, as explained in the
following, discordancies, too, are not negligible between the data from
which (10) is derived and the observations of T, of, at least, several
destructive earthquakes in Japan.

According to their data, the expected period of ‘ Maximum am-
plitude’” for an earthquake of the Magnitude of Shizuoka earthquake
is 0.3sec at the epicentre and 0.4sec even at 4=200 km; for an earth-
quake of the Magnitude of Tottori earthquake in 1943, M=7.3, the
expected T4 is not more than 0.5sec. On the other hand, in those two
earthquakes, from the studies of earthquake damages in the epicentral
areas, a lower limit of displacement amplitude and an upper limit of
acceleration of the ground motion are concluded to be 10~20cm and
300~500 ecm/sec® respectively. From these figures, a reasonable lower
limit of the period T of the ‘“ Maximum amplitude’”’ can be estimated;
it turns out 1~2sec at least, being supported also by the seismometrical
observations at near stations. If, following after (10), we assume 7T,=
0.5sec or less, for a displacement as large as 10 em, acceleration thereof
is 1600 cm/sec’ or more; earthquake damages by a ground motion with
such a large acceleration and a period of 0.5 sec would be decidedly more
severe than those experienced in the two earthquakes.

To explain the reason of the discordancy between the data of T, in
the two countries, various factors should be taken into account:
definition of the period, mechanism of earthquake occurrence, charae-
teristics of seismograph, geological conditions and so on. Difference in
any of these points, that originally comes from the complicated natures
of earthquake motions may confuse the discussions. At present, in-
formation on the difference on the various points concerned are not
enough to make clear the nature of the discordancy between (9) and (10),
still less to reject (9) for (10).

To examine the propriety of the way of thinking, A~4 and T~4
relations of two earthquakes of different Magnitude, Shizuoka earthquake
in 1935 an Izu earthquake in 1930, are studied assuming the formula
(5) in common to their source spectra. To begin with, however, there
are some problems to be solved.
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5. Assumptions for numerical computation

Though the exact response of seismograph used by J. M. A. in those
days are not sure, we may assume its period T.=b5sec and damping
constant h*=0.85. Asto k or 1/Q, in which k==/vQ, various results of
studies by many authors are obtained. k=0.0096 km~' sec was assumed
in the previous paper. Afterward, an interpretation of apparent 1/Q was
studied, and a characteristic internal friction 1/Q,=0.004 was obtained”;
it appears that the interpretation fits also exactly the results of recent
studies of 1/Q by Aki®. Generally speaking, there are some basic problems
yet unsolved to accept at once those results of studies of 1/Q. However,
it would be accepted to assume, putting v=1.5~2km/sec, k=0.007 sec/km
for the present studies. The last problem is concerned with the esti-
mation of energy ratio between the two earthquakes.

Table 1.

Station | Barthq. | 4dkm I  AN) A®E TN TE | aN) «F)
X S. 236 0 41600 —1310 — — | = —
anazawa K. 242 2 +1820 —1300 3.0 2.6 | 0.8 0.7
N S. 135 3 43600 —8150 2.5 2.5 | 2.3 2.0
agoya K. 137 2 4000 +3600 1.9 1.9 | 4.4 3.9
S. 245 0 +1250 + 544 2.5 2.4 0.8 0.3

Kyoto
K. 55 5 —3600 +2150 0.7 — | 293 —
i S. 80 3 41350 +1180 0.9 1.1 | 6.6 3.9
1aa K. 226 2 —  —190 — 15| — 33
Tak S. 167 9  +80 —1220 3.0 3.0 | 0.3 05
akayama K. 230 2 —1200 + 80 2.9 29 | 05 0.3
Kochi . 476 0 160 18 3.0 3.0 | 0.0 0.0
oci K. 293 0 950 400 2.4 2.4 | 0.6 0.3
Choshi S. 232 0 —550 —520 2.3 21| 0.4 0.4
osi K. 488 0 —117 — 98 2.8 32| 0.0 0.0

(from “Kisyo-Yoran” by J. M. A.)
S.: obs. for Shizuoka earthquake.
K.: obs. for Kawachi-Yamato earthquake.
I: Intensity. A: in p. T: in see. a: in gal.

4) R. YosHIYAMA, Bull. Earthq. Res. Inst., 38 (1960), 361-368.
5) K. Ax1, Bull. Earthq. Res. Inst., 44 (1966), 23-72.
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Magnitude of Shizuoka earthquake is as already stated 6.3 by J.M.A.
Gutenberg does not give his estimation, but he gives an estimation as
large as 6 to Kawachi-Yamato earthquake in 1936, whose Magnitude by
J.M.A. is 6.4. To deduce the Magnitude of Shizuoka earthquake from
that of Kawachi-Yamato earthquake, Table 1 is given. The table re-
presents the observations of these two earthquakes by J.M.A., selected
from its ‘‘Kisyo-Yoran’'. Intensity I in J.M.A. scale, ‘‘Maximum
amplitude’” A and its period T are the observations by J.M. A., while
acceleration ay and «; are calculated by the formula 47*4/T?. Though
numerical reliability of these observations is doubtful, and, moreover,
calculated acceleration may not be the maximum acceleration, Kawachi-
Yamato earthquake is slightly but clearly bigger than Shizuoka earth-
quake, and the radius of the boundary where acceleration is 1gal is
240 km for the former and 230 km for the latter. If we put these radii
into the following formula of the relation between Magnitude and radius
of perceptibility, » in km,

M=-3+3.8log, 7, (12)

by Gutenberg and Richter, we obtain M=6.0 for both earthquakes:
even if r=250km, M=6.1 at most. Therefore, M=6.0 for Shizuoka
earthquake seems one of reasonable estimation. On the other hand,
Magnitude of Izu earthquake estimated by J.M.A. is 7.0, while Magni-
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® o 8 ,
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1 o @ 0 LHO00®
L —o—0 o§o—mot—o0—db—— 1
©° 0p ,00800 o® o
Ky o
o & 8 o o o ° o o
8 %20 .9 o))
o o o o
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®o0 o
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— 10 1926 ~ 956 o

Fig. 3. Systematic deviations of Magnitude by J.M.A. from that by Gutenberg,
calculated according to the ¢ Catalogue of Major Earthquakes in and near Japan,
1926-1956 *° (1958) by J.M.A.

®: Shizuoka earthquake and Izu earthquake.
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tude by Gutenberg is 7.1 and exceeds the estimation by J.M.A. contrarily
to the case of Shizuoka and Kawachi-Yamato earthquakes. As it is
shown in Fig. 8, there is a systematic difference between the Magnitude
by J.M. A. and that by Gutenberg. Magnitude-estimation by J.M. A.
being carried out on the Tsuboi’s formula which was introduced to give
none but the Magnitude by Gutenberg, the result that shows such a
systematic difference seems something self-contradictory ; it is perhaps
due to a theoretical defect of the formula. And it seems in Fig. 3
that the differences of Magnitude between J.M.A. and Gutenberg in
the two earthquakes, Shizuoka earthquake and Izu earthquake, is also
nothing but systematic ones. Therefore, in spite of the estimation by
J.M. A., it seems reasonable to adopt M=6.0 for Shizuoka earthquake
and M=17.1 for Izu earthquake, especially for our studies, because the
difference of the Magnitude or the ratio of energies of the two earth-
quakes are now concerned, and, moreover, because we use the Magnitude-
energy formula originally suggested by Gutenberg and Richter. To get
M=17.1 for Izu earthquake by the formula (12), relation between Magni-
tude and radius of perceptibility, we have to put r=460km=+10km,
while we put »=230km in Shizuoka earthquake and obtained M=6.
From the observations in ¢ Kisyo-Yoran’® by J.M.A., it is difficult to
find out a plausible reason to assume r=460km. It is partly because
of the unfavourable circumstances of observation in those days, but,
chiefly, because of the complicated nature of a large earthquake, which
makes the estimation of acceleration or velocity of the earthquake
motion difficult.

All considered, we may conclude that the difference of Magnitude
dM between Izu earthquake and Shizuoka earthquake is 0.7 by J.M.A.
or 1.1 by Gutenberg. From the difference of Magnitude, ratio of the
energies of the two earthquakes is calculated. There are various im-
proved formulas of Magnitude-energy relation:

log, E=12+1.8M (13)
logy, E=9.4+2.14M—0.054 > (14)
log, E=11.841.56M (15)
logy E=T7.2+2.0M (16)

and it seems (15) is widely used in Japan. So that the minimum value
of the ratio is 11:1 by J.M. A.; the largest estimation, 160:1, is ob-
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tained by (16) with dM=1.1.

R. YosHIYAMA

Sagisaka® estimated in 1940, at J. M. A.,

the energy of Izu earthquake 4.0-10" erg and the energy of Shizuoka
earthquake 6.3-10" erg, from which the ratio turns out at about 630: 1,

decidedly bigger than any other estimation.

Such a large difference

even among the relative estimations of the two earthquakes, studied

macroseismically, too, in detail
by many seismologists indicates
an unusual difficulty of the
estimation of energies of
earthquakes. In this paper,
the ratio is assumed 50:1, a
little bigger than that es-
timated, with dM=1.1, from
(14) or (15), but much less
than that from (13).

6. A~4 and T~4 relations
of the two earthquakes

From the previous paper,
observed T~4 relation of
Shizuoka earthquake is re-
produced in Fig. 4, taking,
however, k4 instead of 4 in
the abscissa. Putting T,
period of the *‘ Maximum
amplitude ’ at the epicentre,
equal to 1see, we get a=2
sec™. From the observations
of T at the distances 4=100
km~500 km, A=0.01sec? is
assumed ; the calculated 7'~k4
relation is given by a curve in
the figure. On the other hand,
observations of A/dA~kd4
relation is given by Fig. 5,
being calculated from Fig.4

sec ] | ]
T
o o :0bs. k=7x10 sec-km ' -
— :cale.
51— Shizuoka earthquake |
B /‘0’05 N
— o 0B © ]
2t ]
7
ka
o Lol R N
.2 5 | 5 10
sec

Fig. 4. TFitting to the observations of T'~4
relation in Shizuoka earthquake to determine

a and 8.

1 A*/A I ‘l -3 ' -t
cm-km2 O : obs. k=7x10 sec-km

5 o -~ : calc, -

\O\osmzuoko earthquake

IIIII|
o
o)
o

S L1 Ll Lt 1ikal
.2 .5 | 5 10
sec

Fig. 5. Using «, B, that were determined
from T~4 relation in Fig. 4, and 7, determined
to fit the observation at 4=250km or k4=1.75,
calculated /4 A~k4 relation is compared with
the observations.

6) K. SAGISAKA, Kenshin-ziho (Quart. Jour. Seism.), J. M. A., 10 (1940), 385-448,
J. M. A. was called C. M. O. in those days.
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of the previous paper. Using the above obtained a¢=2sec™® and 8=0.01
sec?, and putting, to fit the observations at a mean distance of above
stated 100km and 500km, y=9.1em-sec™'-km"?, v/ 4A~kd relation is
calculated and is given by a curve in the figure. That the curve in
Fig. 5 almost agrees, as it seems, to the observations for a certain range of
distances may give a support to the introduced basic assumptions ; we may
have a better fitting by a slight improvement of «, 8 or formula &().
Now the problem is to deduce from these results the theoretical
A~4 and T~ relations of Izu

' earthquake to compare with

°ee T | ! . " the observations.
1o (_’ ::ﬁ:“k”x'o sec-km — If we assume 50:1 as the
Izu earthquake o energy ratio of the two earth-
5—-_— . . /0%, . quakes, oz__—z_0.04 sec™® and S=
. ,/g—:'o’: o ] 0.0002 sec . for . Izu earth-
quake, while 7 being expected
2 — to remain unchanged is 9.1 em-
n | L ks sec”*+km'*, The results of
Y " calculations are shown in Fig.

sec 6 and Fig. 7 together with the

Fig. 6. Using « and B, determined for Izu
earthquake from those for Shizuoka earthquake,
caleulated T'~4 relation are compared with the
observations.

1
cm-km?

50
- AVA ! ! ! -
~ o : obs, k=7x1 G sec.km -
ook — : calc.
Y ° — lzu earthquake
(o)
)
10 —
- [ a1
C o ]
L o s} ]
S ° 090 —
1 | I 111 l' 1 11 I 1 lkA
.2 5 | 5 |0

sec
Fig. 7. ~/4A~FkA4 relation is calculated and
is compared with the observations for Izu
earthquake.

observations, being reproduced
or calculated from Fig. 4 and
Fig. 12 in the previous paper.

Concerning the amplitudes
at short epicentral distances
in a destructive earthquake
such that 4<100km, data from
seismometrical  observations
are few in spite of their im-
portance; data available are
generally obtained from maecro-
seismic studies in the epicentral
region, which may suggest
seismic intensities more severe
than those extrapolated from
the theoretical curves at large
distances. Theoretical curve
may be much improved for
short distances to fit those




38 R. YosHivAMA

observations, if we assume another system of spectrum with large -
value, using, however, propagation-exponent of bodily wave n,=1 instead
of n,=1/2.

Taking the incompleteness of observation into account, it would be
too hasty to discuss in detail at present the concordancy or discordancy
between the observations and calculations at short epicentral distances.
Moreover, strictly speaking, the problem in the epicentral region cannot
be solved by mere propagation of waves.

7. Concluding remarks

In spite of various kinds of formulas, absolute estimation of energy
of an earthquake is difficult. If we assume the energy of Shizuoka
earthquake E=10"erg and v=1.5km/sec, a’=7.10"%cm’-erg™, p'=
70 em™-erg-sec and 7’ =150 em®-sec™t-erg~"?: § is proportional, while o’
is reciprocally proportional, to the assumed energy of Shizuoka earth-
quake, and y’ is reciprocally proportional to the square root of the
assumed energy. Putting these constants into (4), we have

150\/ 5_70/T_c .sec™*,  E; in erg-cm™®
1+7-107%

that may be examined by a theoretical reasoning and by a laboratory
experiment, and the basic assumptions may be improved.

Though the problem is not yet solved, the writer hopes that the
way of thinking in this paper may throw some light on a theoretical
study of source spectrum of an earthquake and on a study of presumable
spectrum of earthquake motion against earthquake damages.
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