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1. Introduction and some remarks.

Various empirical formulas of the maximum amplitude of an earth-
quake wave as a function of the epicentral distance are presented by
many authors, but a generally accepted one has not yet been found.
Difficult points in these studies originate clearly in the fact that the
seismograph is not sufficiently completed for the analysis of earthquake
waves with complicated feature. Moreover, something has been left
unstudied to give to these various formulas a lucid elucidation by the
well known theory of wave attenuation: and, in this paper, this point
is studied. This is, in short, a new, but perhaps already tacitly under-
stood in general, interpretation of the ‘‘observations of maximum ampli-
tude.”” The writer assumes therein that the observations give the
amplitude of the maximum component of the spectrum of what is recorded
in the seismogram, whereas the seismogram itself shows the resultant
of waves of various period and phase differences. Therefore, it is to
be noted that the above stated interpretation does not refer to the
“maximum amplitude ”’ itself, but to the ‘‘ observations or measurements
of maximum amplitude,”’ obtained by a certain process.

From the seismometrical stand point, it seems to the writer such
an interpretation should have already been accepted as a matter of
course, at least in the first approximation, because, after a manual of
seismometry published from the Central Meteorological Observatory of
Japan, maximum amplitude (A4) and its period (T') are measured, either
smoothing out the higher harmonics, or picking up a short period oscil-
lation on which is superposed long period and small amplitude oscillation,
and a half of total amplitude is measured without reference to the zero
line : this method of observation is clearly a rough speectral analysis.
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And it is to be pointed out also that, even though the ¢ maximum
amplitude ”’ in the seismogram is corrected by the response curve of the
seismograph to get a corresponding ‘‘displacement amplitude,” it is
doubtful if it is a true maximum displacement amplitude, because the
maximum amplitude is assigned in the seismogram previous to the cor-
rection. So that the results of study of the ‘ maximum amplitude ”’
versus epicentral distances based on such observations are naturally
affected by the characteristics of the seismograph; practically, if we
emphasize the ‘ maximum,’”’ the maximum amplitude ‘“A”’ in the results
of study in some cases naturally stands none the less, for example, for
the ‘“ maximum acceleration amplitude > according to the characteristics
of the seismograph, in spite of the procedure to get a displacement
amplitude by the response curve of the seismograph. The question as
to which interpretation of the two or any other is more suitable will be
utterly determined by the characteristics of the seismograph. And, in
some cases, the procedure of the correction by the response curve after
the ‘‘ rough spectral analysis’’ on the seismogram, generally adopted as
it is, gives but an ambiguous quantity in the study of the ‘‘ maximum
amplitude ”’ vs. ‘‘ epicentral distances’’ relation.

2. Some discussions of various formulas.

Various expressions of the empirical formula of A~ 4 relation hitherto
presented? are classified as follows; :

log A=a—mlog 4, (1)
log A=a—mlog 4—Fk4 , (2)
log A=a—mlog 4— f(T)4 , (3)

(A: obs. of max. amplitude, 4: epicentral distance)

where a, m and k are certain constants, m and k being positive, T period
of waves of the ‘“ maximum amplitude ’’ concerned. Of the three the
first, being free from any theoretical foresight, perhaps appears most
empirical-formula-like, and is adopted by Richter, by Tsuboi and later
by several authors in Japan. Richter in his studies of earthquakes in
America obtained m=3, whereas Tsuboi m=1.73 based on the obser-
vations of earthquakes in Japan after a careful computation. As shown
later, according to the writer’s interpretation of the ‘‘observations of
maximum amplitude,”’” the difference of the m-value by the two authors

1) C. Tsugol, ‘ On the Magnitudes of Earthquakes.” (Reviews), Zisin 10 (1957), 6-23,
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is eaused by the different response of the seismographs used in the two
countries.

As to the expression of (2), the latest results of Kawasumi’s studies
of 80 earthquakes in Japan are as follows:

m=1/2, £=0.00305 km~*, 100 km < 4< 750 km,
m=1/2, £=0.00183 km™, 750 km < 4< 2000 km.

In his earliest paper of the seismic intensity, if ‘“A’’ represents ‘‘ maxi-
mum acceleration,” m is as large as 2.3, while £=0.002km™*. Each of
these results by the two authors is based on the observations of many
earthquakes in Japan extending over many years. So that the under-
standing seems reasonable that these formulas respectively give us the
observations of some, if not general, earthquakes in Japan, though there
are some different opinions against it and also against the procedure by
which these formulas were derived, and though even Tsuboi himself
seems to acknowledge little significance in the functional form of his
formula, perhaps because there was no practical method to presume the
most probable function for the empirical formula.

The expression (3), n=1/2 for surface wave and n=1 for bodily
wave, is familiar in the theory of wave attenuation, and was used by
Wadati and later by the present writer in a theoretical calculation, in
which the period of the ‘ maximum amplitude ”’ is presumed to be fixed
by the magnitude of the earthquake and constant for all epicentral
distance. As regards the study of the writer, statistical computation to
deduce any empirical formula was not a project of his. The results of
study of those presumptions are not yet conclusive in Japan, chiefly
“because, according to an informal opinion of several authors, of a response
defect of the seismograph. Since the results are closely related to the
present study, observations of the period vs. 4 are illustrated in this paper
concerning several remarkable earthquakes in Japan.

According to Tsuboi, differences between the two values of ‘A’
computed by the two formulas, one by Tsuboi himself and the other by
Kawasumi, are practically negligible considering the accuracy of obser-
vations. It is true, and what is worse, we have so far scarcely any
theoretical reason or method to assign a priori a certain function to the
empirical formula. But the study of those differences will give some means
to solve these ambiguous circumstances ; some means to find out the most
reasonable expression of the empirical formula for the improvement of
the theory of earthquake waves in future. The writer, therefore, first
tries to reveal the differences among the formulas by pure mathematics,
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and, at the same time, presents the
observations of several destructive
earthquakes in Japan for an illustra-
tion of his procedure of mathematical
treatment and, also, for an examina-
tion of those formulas.

3. Mathematical study of
the empirical formulas
already presented.

So far as log A~4 relation is
concerned, the difference between
those various formulas derived from
(1) or (2) may be apparently indis-
tinct, because, as regards both of
the expressions (1) and (2), not only
log A but also dlog A/64 are de-
creasing functions of 4. However,
log 4"A~4 relation, when = is
sufficiently large, is quite different.
So long as n» is small and n<m,
log 4"A remains a decreasing func-
tion of 4, but if n>m and k+0,
log 4"A has a maximum value at
a certain epicentral distance, 4,,.
And the epicentral distance 4,, in-
creases with the assigned value of
n. If k=0, i.e. the empirical formula
is expressed by (1), used by Tsuboi
and Richter, log 474 1is always
monotonous for any value of =, or
constant particularly when n=m;
ever decreasing when n<m, and
ever increasing when n>m. Mathe-
matically speaking, it follows that

=n"m 6.’.’1,71 :__1_ (4)

n k on  k
By these formulas, the most probable
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value of m and %, when the expression (2) is adopted, will be computed
graphically from the observations, though as yet in the present accuracy
of observation the practical location of 4, is difficult for a large value
of m, since as 4 increases the accuracy of observations of A and there-
fore log 4"A falls. Propriety of an empirical formula to the observations
of an earthquakes is also examined closely by these formulas : in the
case of Kawasumi’s formula, 4,, is 168km, 326 km and 488 km when n
is equal to 1, 3/2 and 2 respectively. And, in the following, examples are
computed with the observations of some destructive earthquakes in Japan.

Figs. 1-3 are the relation of log 4"A vs. 4 of the Shizuoka earth-
quake in 1985, putting n=1, 3/2 and 2 respectively. Logarithmic mean
for every 50km or for 100km are given by filled-up circles in each
figures. Perhaps, without an objection, nothing conclusive will be obtained
from these mean values, because the observations are extremely dis-
persive. However, for the range of epicentral distance less than 600 km
or so, a maximum is likely near the distance expected from Kawasumi’s
formula in each of those figures. Therefore, in this case, Kawasumi’s
formula is probably appropriate; at least n<1.5 is reasonable for the
most probable empirical formula, rejecting Tsuboi’s, because we can see
clearly a maximum already in Fig. 2 of log £4°A vs. 4.

Table 1.
Earthquake Date (J.S.T.) Epicentre M
1. North-Izu Nov. 26, 1930 35?1 N 13900 E 7.0
2. Saitama Sept. 21, 1931 36.1N 139.2E 7.0
3. Shizuoka July 11, 1935 35.1N 138.4 E 6.3
4, Kawachi-Yamato Feb. 21, 1936 34.5N 135.7E 6.4
5. Shionomisaki April 18, 1948 33.1N 135.6 E 7.2
6. Fukui June 28, 1948 36.1N 136.2 E 7.3
7. Imaichi Dec. 26, 1949 36.7N 139.7E 6.7

From Seism. Bull. J. M. A. Suppl. Vol. (1958).

Observations of six more earthquakes in Table 1 are taken up : mean
maximum amplitudes (4,,) are calculated for every 50 km (4<300km) or
for every 100 km (4>400km): and, in Figs. 4-6, log 4”4,, are illustrated
together with the two curves, K—K and 7—T expected respectively
from Kawasumi’s and Tsuboi’s formulas, ordinates of which are arbitrary
and to be determined according to the magnitude of each earthquake.
As regards the Imaichi earthquake, two shocks occured only about eight
minutes apart: maximum amplitude of the second shock (A,) is estimated
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everywhere as large as 1.8 times
that of the first one (4,) by a cor-
relation diagram: to reduce the ob-
servational error, mean maximum
amplitudes (A) of the two shocks
are calculated by log A=(1/2)[log 4,
+log (A4,x1.3)] and are used for the
maximum amplitudes of the ‘Ima-
ichi earthquake.”

To discuss the propriety of each
formula for these earthquakes is not
the main subject of study in this
paper ; it is sufficient to see that in
some cases Kawasumi’s formula is
applicable and in other cases Tsuboi’s
or some others: and expression of
the formula by a function different
from those already given seems
necessary, too. Characteristic aspect
of A~ 4 relation of each earthquake
will come out still more clearly in
future observations of high accuracy:
then it must be one of the im-
portant problems to distinguish
among those formulas the most ap-
propriate expression for each earth-
quake by the method above studied.

In the following, an idea is first
presented to deduce those various
formulas from a presumed funda-
mental law of wave attenuation on
a certain assumption, the appro-
priateness of which will be examined
by observations in future. Though,
in the course of the studies, it will
be evident that it does not matter
if the presumed fundamental law
above stated is any particular one
or not the classical one is adopted,




Mazimum Amplitude and Epicentral Distance 395

for the present, to explain the idea as concretely as possible.

4. Fundamental assumptions and illustration of the procedure.

The assumptions were made in three respects as follows :

1) Earthquake waves are built up by a superposition of mono-
chromatic waves of amplitude A, and period T,. Theoretically the period
T, remains constant on the way of propagation of the wave. In some
cases the spectrum may be of course continuous and unbounded. How-
ever, the idea is explained for simplicity by waves of several line
spectrum. A

2) Amplitude A; of the monochromatic wave decays with 4 accord-
ing to the above said fundamental law of wave attenuation, and it is
assumed, as can readily be understood theoretically,

4=L4D exp (—p(T)4} . (5)

By the well-known classical theory, n,=1 for bodily wave or n,=1/2 for
surface wave, and f(T)oc1/T?. If the last postulate is not the case,
F(T) will be at least a function such that f(TY>F(T,) when T, <T,.
Now, it makes no difference in our discussion whether the above said
amplitude stands for displacement or acceleration or something else, if
it is only used for a definite one throughout the studies. And we can
neglect the effect of the characteristics of the seismograph in our dis-
cussion for the present, because the response curve of the seismograph
in general is flat over a considerable range of the period of wave at
least for some one among the displacement, the velocity and the ac-
celeration. If not, it will be of no consequence as to the point of the
discussion : it is only hoped to simplify the mathematical expression at
present. Then the amplitude, 4, in the seismogram will be expressed
as a function of time and epicentral distance as follows:

A, =S 4,, A=A sin {EE(—A——:‘,)—{—Q} , (6)
¢ T,\V,

where t is time coordinate, ¢, phase angle, T, (:=1,2,8,--- and T,<
T,< T,<+++) period of the component wave, and V, velocity of propa-~
gation, possibly a function of T; A, is given by (5) and By(T)) is deter-
mined from the spectrum of the earthquake wave at its origin.

It is quite natural to consider that the maximum amplitude in the
seismogram at some station where 4=4, is given by the maximum of
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A(t, 4,). However, since A is affected by the phase angle ¢, functional
form of f(7T') and V(T), we can never expect a simple relation between
the maximum of A4 and 4. ,

3) The third assumption is that A, the ‘‘observations of the
maximum amplitude’ is not the maximum of A, but is equal to the
amplitude, A,, of one of component waves which is the largest at
4=4,. Practically, the observations are not the results of a complete
harmonic analysis; the wave whose period and amplitude are measured
in the seismogram apparently as a monochromatic wave is in some cases
composed of many monochromatic waves. Therefore, in a future study
of higher accuracy than that in this paper, an application of a theory
of propagation of a wave packet will be necessary, too. From the
theoretical standpoint, it is desirable that the observations would be
given by the results of a complete harmonic analysis to avoid an ambi-
guity in the course of reasoning.

Then the A~4 relation, especially when log 4mA~4 relation is
considered, is much simplified as follows: log A™A,~4 relation is linear,
its gradient 6 log 4™A,/04=— Sf(T;), and magnitude of log 4™A, at
4=0 is equal to log B,. In the diagram to show the log 4™A~ 4 relation,
we have first straight lines, which give log 4mA;~4 relation, as many
as the number of A,. And then by the third assumption, we can trace
the curve of log 4mA~4 relation from those straight lines; it is, in
some cases, a bent line built up by several segments of these lines ;
the bent line tends to a smooth curve of envelope when the spectrum
of the earthquake wave is continuous; it is, in some other cases, built
up by a few segments. An example is illustrated in Figs. 7-9 when
the number of A, is only three, A, A, and A4;, explaining none the less
satisfactorily the important point of the process of the reasoning.
The relative position of the three lines, A,, A, and A,, depends on the
relative magnitude of B, B, and B,; the slope of the lines are F (1),
S(T;) and f(T;), where T, <T,<T, and therefore S(T)>F(TY>F(Ty).

If B,<B,<B, the three lines A4, A, and A4, will be such as shown
in Fig. 7, and then by the third assumption the log 4mA~4 relation
is clearly given by the A,line itself. When B, is largest and B, is
almost equal to B, the lines will be such as shown in Fig. 8, and the
relation will be given by the two segments of the two lines, A, and
A, i.e. by PQR. When B,>B,>B,, the relation will be given by the
three segments of the three lines, A,, A, and A, as shown in Fig. 9

by PQRS.
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Perhaps we can easily associate Fig. 7
with Kawasumi’s formula, and Fig. 8 or 9
with Tsuboi’s or with Richter’s. Moreover,
it is to be noted that |04,/6t|=2x7|A,|/T.
So that, even if the log 4%A~4 relation
of an earthquake is such as shown in Fig.
7 when it is observed by displacement
seismograph, the same relation may be
such as shown in Fig. 8 or 9 when it is
observed by velocity seismograph or ac-
celeration seismograph. Of course, the
different appearance of the A~4 relation
when the seismographs used are different
is originally quite natural, but, to give a
reasonable explanation of a presumed re-
markable difference, the third assumption
here mentioned will be most effective.
And from the difference of the charac-
teristics of the seismographs used in two
countries, it seems quite natural that
Richter’s formula was obtained on the ob-
servations in America, and Tsuboi’s on
those in Japan. Another important point
is that B,(T,), spectrum of the earthquake
wave at its origin, is estimated by ex-
tending back the segments of each line,
A, A, A, observable in Fig. 9, to the
ordinate axis 4=0. We can not estimate
B, and B, from the log 4mA~4 relation
such as shown in Fig. 7, because two lines
A, and A, are not observable there. And
in some cases, the estimation of all B, is
possible only when the log 4mA~ A relation
such as shown in Fig. 9 is obtained by the
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Fig. 7.
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Fig. 9.

observation with seismograph which records velocity or acceleration or

still higher time-derivatives of the displacement.

How to determine the =,-value and functional form of f(T) from
the observations is a difficult problem. However, clearly, for the applica-
tion of the present idea, n, should not be larger than the smallest value
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of n determined by the formulas (4) from the observed A~4 relation.
So that, considering the result of studies by Kawasumi and the theory
of elastic waves, n,=1/2 seems most probable at present.

5. Continuous spectrum and envelope.

When the spectrum of the wave is continuous, the log 4%A~4
relation such as shown in Fig. 9 tends to an envelope of A;,lines,
functional form of which depends on those of B(T) and f(T), and is
obtained by eliminating T from the following two equations,

1dB_ df

=22 Y 7
BdT 4T’ (7)
log 4%A=log B(T)—f(T)4 . (8)
For example, if we assume that
k
=X 9
F=5 (9)
B(T)=Cexp (—sT?, - (10)
we get from (7),
=k, (11)
s

for the relation between the epicentral distance 4. and the ‘‘period of
the maximum amplitude’’ to be observed there. Substituting (9), (10)
and (11) into (8), we obtain

log 4mA=1og C—2V'EksV 4 , (12)
or A=Ain exp (—2VTsV 4) (13)
(]

(13) is the expected A~4 relation, in which A is, of course, the ‘¢ ob-
servations of maximum amplitude’’ of what is assigned by (10) to the
spectrum B(T'); of acceleration, of displacement or of some others. Now
following the result of a laboratory experiment if we assume f(T)=k/T
instead of (9),

k
T°=24, 14
95 (14)

A:% exp{— 33<%4)2'3} . (15)
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Suppose instead of (10) the spectrum is given by
B(T)=CT?exp (—sT?, (16)

which, if (10) is an acceleration amplitude spectrum, will be a reasonable
assumption as a corresponding displacement amplitude spectrum. Then
we have, putting f(T)=Fk/T?

T2=1+1/1+4k8,4 , (17)
2s
4=C 1 VI U ey (—y/ T ERs2) (18)
4" 2s

in place of (11) and (18) respectively. ““A” in (18), formula of the
expected A~4 relation, represents the ‘‘ observations of maximum dis-
placement amplitude,”” corresponding to the ‘‘ observations of maximum
acceleration amplitude A’ in (13). There may be more reasonable and
plausible expressions of B(T) than those above presented ; studies on
that point are left for the future.

The formulas (138), (15) and (18) are quite different in appearance
from what we know well, but as it will be easily seen if we consider
d log 4mA|/d4, these formulas fill up conveniently the gap between the
two formulas, (1) and (2), or say, Kawasumi’s type and Richter’s or
Tsuboi’s type. Therefore, in future studies when observations of high
accuracy are obtained these formulas will do much. As regards (11),
(13), (17) and (18), the following points are to be noted especially.

As already stated, two kinds of amplitude spectrum of the same
earthquake wave at its origin are expressed by (10) and (16), the one
is of acceleration and the other of displacement. In accordance with
that, the two formulas, (13) and (18), are the two kinds of A~4 relation
of the same earthquake wave, the former by the acceleration seismo-
graph and the latter by the displacement seismograph. The two formulas
are so different that perhaps we can never presume the one from the
other, to say nothing of that the one can not be obtained from the
other by mere amplitude correction, following the response curve.

For a small epicentral distance, mathematical behaviour of (13) is
somewhat similar to Tsuboi’s or Richter’s formula, while that of (18) to
Kawasumi’s. It is also remarkable that the smallest value of T given
by (11) is zero, while that by (17) is 1/I/s. The reason from which
these circumstances arise is illustrated already in the last paragraph :
in this case we can not obtain the complete spectrum from the A~ 4
relation based on the observations by the displacement seismograph,
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because the component waves of short period do not join in the relation.

6. Calculation from the observations.

On the other hand, by the following procedure, from the observed
A~4 relation, if we assume a fundamental law of attenuation, for which
(5) being adopted for the present, we can determine B(T'), the spectrum
of the earthquake wave at its origin, and also predict the ‘‘ period T of
the maximum amplitude,”” which will be examined comparing with the
observations.

From the observa-
tions of A, log 4mA~4
relation is first calculated,
and put log 4MA=F(4).
Then,

F=-22,

d
19
0 (19)

which predicts T~4 re-
lation if f(T) is known
theoretically. And, if A~
4 and T~4 relation are
given, we can determine
the function f£(7).

From (8),

log B(T)=F'(4) +f(T)4
(20)

in which, 4 of the right
hand member being sub-
stituted by T from the
T~4 relation above ob-
tained. For example, sup-
pose the observed A~4
relation is Richter’s type,

A=C|l4™,
F(4)=log C—(n—n,)log 4;
then, if
f(T)=k[T*,
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of A~4 relation with its
observation : in that case,
the following formula is
used, being obtained from

quake. (7) and (8),

log 4"A=const. —S £(TYd4 @1)

The writer does not know what is the result of study of the T'~4
relation with the observations from which Richter and Tsuboi derived
their formulas. So that observations of T versus 4 of the Shizuoka
earthquake are shown in Fig. 10, and mean values of the observations of
the six earthquakes in the Table 1 in Figs. 11 and 12. For the Shizuoka
earthquake, the exponent 1/2 in the above obtained result, which gives
T=a1 4, seems a little too large. Of course, propriety of the present
idea will be examined in future from such points of discordancy between
the prediction and the observations. However, as far as this earthquake
is concerned, the discordancy above stated seems, to have some cor-
relation with the fact that the observations of A~4 relation of this
earthquake are not satisfactorily represented by their formulas. There
is also an opinion by some authors, including Kawasumi, that observations
of T at almost all observatories in Japan are utterly affected by un-
desirable resonance of seismograph, Wiechert type seismograph being
used, and are found constant over whole epicentral distance : Kawasumi’s
opinion in this point is concordant with his formula of A~4 relation,
and, at present, will not be a check on the way of thinking in this
paper. However, to the writer, it seems not the case, too, at least in
several destructive earthquakes; in any case observations of high ac-
curacy in the immediate future are desired.

For an example of calculation, taking up the Shizuoka earthquake,
and putting in the formulas (14) and (15) n,=1/2, k/2s=0.08 sec’km™?,
$=0.06 sec™?, so that k=0.0096 sec km~*, and C=7.25-10* £ km'*, we have
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curves of T'~4 relation and log 4"A~4 relation, which are shown
respectively in Figs. 4~6, and 11 by Y,—Y,. The epicentral distance
4,(n), where log 47A attains its maximum value, are calculated from
these constants 105km, 300km and 550km when n=1, 8/2 and 2
respectively. The reason why f(T')=Fk/T seems preferable in this case
to f(T)=FK|T* is as follows: If we can take it for granted that T=
ad’® from Fig. 10 and put f(T)=FK|T? we have B(T)=Cexp(—s'T),
instead of (10), from (7), and 4,(n) is proportional to (n—1/2), so
that if 4,(3/2)=300km, that is plausible from Figs. 2 and 5, 4,,(2)=
1000 km that is perhaps not the case from Figs. 3 and 6. However,
accuracies of observations are not sufficient for any conclusion. If
accuracies of observations are sufficient, k-value is to be compared with
those obtained from experimental studies; s-value gives the spectrum of
this earthquake waves, which also is to be compared with the observations.

The Fk-value, where f(T)=Fk/T, is related to a dimensionless and
generally used quantity 1/Q by 1/Q@=Fkc/m, where ¢ is the velocity of the
wave ; for some reference, putting c=2~3 km/sec, we have 1/Q=0.007~
0.009, which is not so much different from the result of laboratory ex-
periment by Born. Born’s result® is, though it is for compressional
waves, kc=0.02~0.03.

In the next place, let us see if the above obtained k-value is ap-
plicable to the observations of another earthquakes. We will take up
the largest earthquakes in the Table 1, the Fukui- and Shionomisaki
earthquake, A~ 4 relations of which are similar to each other for 4>
200 km. As regards T~ 4 relation, some differences are apparent between
the two, and that of the North-Izu earthquake gives a mean tendency
of the two. A~4 and T~4 relation of the Saitama earthquake are
utterly different from those of the three, and are rather similar to those
of minor earthquakes, but for its large amplitudes.

Putting n,=1/2, f(T)=k/T, where t=0.0096 seckm™!, and T=a4f
in (21), we get,

log "A=C+(n—1/2)log 4—k4-*|1—PR)x . (22)

From the observations, it is assumed that 7T'=4sec at 4=500km,
4,,(8/2)=250~300 km, and 4,(2)4<800km. Then the following constants
are obtained for one of possible solutions; B=2/3, a=4/63sec km~*3,
C=2-10° pkm= 1/ 4-A=Cexp (—3k4"’*|a), B(T)=C exp (—2ky/ T /a’?),
log,, 47A=6.290+(n—1/2)log,, 4—0.1974*; 4 in km, A in p. It seems

2) W. T. BorN, ‘‘The attenuation constant of earth materials,” Geophysics, 6
(1941), 132-148,
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preferable to put B a little larger than 2/3 for 300 km< 4<1000 km ;
observations for 4<200 km are not clear, because of too large amplitudes.
The above obtained constants will be used for 4>200km, and, there-
fore, T>2.5sec. Calculated log 4"A~4 and T~4 curves are shown in
the respective diagrams by Y,—Y,. It will be a problem of some
interest in future to extend those curves to a large distance and ex-
amine the propriety of the above obtained constants, especially, of B(T'),
when the k-value is re-examined on the observations of, at least, a
little higher accuracy than herein presented.

We can see also a reasonable difference in the expression of B(T)
of the two earthquakes, the Shizuoka- and the Shionomisaki-, in ac-
cordance with the difference of their magnitudes: for the former B(T)
=Cexp(—sT?), while for the latter B(T)=C'exp (—sv/T).

7. Concluding remarks and acknowledgement.

Though partial success is apparent, it is impossible to deduce a
conclusive finding, for or against the writer’s idea, from those scanty
and dispersive observations so far obtained. At present, they are
presented as data for future studies, expecting still more observations
of high accuracy. The dispersive appearance of observations seems at
present, apart from the geological condition of observatory and instru-
mental defects in observation, partly due to a want of clear definition
of the ‘‘maximum amplitude’” and a shortness of a guiding principle
for observation. It is hoped that the way of thinking proposed here
will give some indications in that respect.

The writer is grateful to the members of Observatories of Japan
Meteorological Agency for their kind and speedy information to his
troublesome inquiries. He is much obliged to Miss E. Tsutsui for her
laborious calculation and preparation of many figures; and also to Miss
S. Murata who prepared the data in the first stage of these studies.

Financial support for these studies was partly granted from the
Research Fund for Science of the Ministry of Education.
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