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I. Introduoction.

It has been already found by Prof. T. Matuzawa® and others that
the seismograms of certain earthquakes in the Kwantd district observed
at Hongd (Tokyd) show a typical forerunning part of the commencement
of motions. In the horizontal component, during about 1'5 seconds in
the beginning the motion is quite small and then [followed suddenly
by somewhat distinct motions. On the other hand, in the wvertical
component the beginning phase is quite large compared with the
second. Moreover, the time difference 1'5 sec. between the first and
the second phase is almost independent of the epicentral distance.

To clucidate this observed fact Prof. Matuzawa introduced a surface
layer characteristic to the Kwanto district. When the dilatational wave
started from the seismic focus, which is situated deeper than this layer,
is incident to the boundary where reflexion and refraction occur, the
dilatational and the distortional wave are generated in the upper layer.
Prof. Matuzawa considered that the first phase which is mainly verti-
cally polarized, corresponds to the refracted dilatational wave and the
second phase which is mainly horizontally polarized, corresponds to the
refracted distortional wave. By considering such a mechanism of
g‘enemtion of waves the observed facts i.e. the time relation and the
polarization of waves are plausibly explained, assuming the most favour-
able value of the thickness of the upper layer and velocities of the P
and the S wave in it. According to the recent investigation of Prof.
Matuzawa® and T. Fukutomi the velocity of the P and that of the S
wave in - the upper layer are 1-94 km/sec and 1-14 km/sec respectively

1) T. Matuzawa, K. Hasecawa and S. Haexo, Bull. Earthq. Res. Inst., 4 (1928),
85-106. ’

T. Marvzawa, K. Yasmapa and T. Svzuxi, Bull. Farthq. Res. Inst., T (1929), 241-
260. )
2) T, MarvzawA and 7T. Fururomt, Bull. Earthq. Res. Inst., 10 (1932), 499-516.
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and the thickness of this layer comes out 4km from the duration
between the first and the second phase.

Such a remarkable polarization of the first phase shows that the
angle of incidence of the first motion is considerably small, that is, the
trajectory of the wave is almost vertical near the surface. This may be
probably due to sudden decrease of velocity near the surface.

T. Isikawa® has investigated the relation between the angle of
emergence and the epicentral distance in case of some earthquakes.
Dr. H. Kawasumi” has determined the angle of emergence by using
the reported data adopted from ““Kisyd Yoran” published by the Central
Meteorological Observatory and found statistically that it is compara-
tively larger than that expected from the superficial structure of the
earth crust introduced by Prof. Matuzawa. The present writer has
studied the angle of incidence from the seismograms obtained at two
seismological stations Hongd (Seismological Institute) and Mitaka (As-
tronomical Observatory) with special reference to the velocity of seismic
wave near the surface.

IL. Observation of the angle of incidence.

The angle of incidence is easily determined by taking the resultant
of the first motions in the three components of seismogram. In this
method it is most important to compare the corresponding phase in
each component. For this purpose a tromometer designed by Prof. A.
Imamura is quite suitable. With this instrument the three components
are recorded on one and the same recording drum and the minute
marks are given on the seismogram ag breaks of the line in each com-
ponent. Therefore, the identification of the corresponding motion in
~each component is quite easy. The instrumental constants of this
seismograph are shown in Table I.

Table T.
component weight of bob | magnification V | period T
kg sec .
(EW) 7 50 7Se At Mitaka the magni-
(NS) 7 50 7 fication of the vertical
(Vert.) 7 28 7 component is 18.

8) T. Isikawa, Jowrn. Meteor. Soc., Japan, [ii] 6 (1928), No. 3.
4) H. Kawasuvya, Read before the meeting of Earthquake Research Iustitute on
July 7, 1931.
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The angle of incidence thus obtained is not a true one but an
apparent one owing to the effect of reflexion of incident wave at the
surface. Let ¢ be the apparent angle of incidence, then the true one ¢
will be given by the formula

sin® L:<£> 1--cosq ,
Ve 2
where Vi and V. are the velocity of the dilatational and the distortional
wave respectively. Assuming V3] Ve=1'789—i.e. Poisson’sratio o= 0-273,all
the observed values of 7 are reduced to ¢ by this formula. The amount
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of this correction is for example such that if ¢ is 5° 4 becomes 4°10'.

The distribution of earthquakes studied by the writer is shown in

Tig. 1. The results of observation are tabulated in Table IT and shown
in Tig. 2 and 3.

Table II.
Commencement at  |Epicentre R .
Hongbd Latitude | pogg) | 110080 | Mitaka
No. Longi- |depth , Remarks
Y M DHM tude b A |iobs.| A |%obs.
8593 km km| o km| © ’
1] 1928 10 5 15 58 | oo 93N 43" 45 |4 0| 36 | 245 | (see Fig. 4)
2] 1931 6 17 21 9 | jh0e | 82 | 19 [015] 10 | 240
3555
3] 7 611 15 16 | {5907 | 20 | 78 [7 0
3596
F'.f'g
5 7 710 22 10 | 3000 | 15 | 8 |250[110 | 330
345 ‘
6| 1930 5 24 1 88 | 599 | 50 | 137 [320
70, 6 1 258 | o8 | 46 | 86 [1140|101 | 450
353
8| » 817 18 28 | qnag | 45 | 38 140
9| 1931 2 20 14 85 | (k02 |45 | 1032318 very deep-seated
136-38
10, s 3 912 50 | A0 608 |0° ca
) 3585 _
L) 7 7 2610 41 | {3009 | 60 | 34 |3 0| 52 |215
3584
12| 7 7 8 546 | Goos | 43 | 46 |240| 28 |245
3615
13 » 818 14 40 | A0I8 49 J121 | 820
14| 7 916 21 43 | joaen | 20 | 86 {820| 65 |3 30
1B » 10 20 353 | (381 ) 47 |110 [450|126 |3 0O
: 3 1409
16| 4 1112 15 09 | 5% | 20 | 97 | 520|105 | 136
35'8 -
7| 7 10 3 236 | 308 | 18| 50 [230
3554 I3
18] » 918 15 13 18 59 |10 0
? 138:91 Fore-shock
05 aQx=, | North Idu
19 1930 11 pite ] 16 l'oc) 1 Sl‘.ill- 100 4 10 79 133 O earthquake
20| ~ 11 26 4 § 1390 | low 140 (see Fig. 5) .

(to be continued.)

-
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Table 1I. (continued.)

Commencement at |Epicentre’ . o
Hongd Latitude | Focal| 10080 Mitaka |
No. . Longi- |depth Remarks
Y M D HM tude A |iobs.| A& |7obs.
3606 km k| ¢ 7 km| ©o
21| 1920 7 17 19 49 | (5080 | 35 | 40 | 440 49 | 330
22| 1930 5 1 9 58 | {300 | 40 | 92 | 610
23| 1928 § 27 3640 1 20 | 140 | 610
24| 1930 8 20 2 41 | (oo 110 |0° ca.
25| 7 3 4 5 11 4 [100 {5 0| 82 |350
26 v 3 9 4 39 |) 3 |100 |580 ) 82 [4 O
27 7 5 17 & 14 3 | 100 | 350 (see Fig. 7)
28| 7 5 12 21 97 100 | 6 10
29| 7 5 14 8 57 100 | 745
30 4 3 14 14 18 100 |52 | 82 |5 02
=
31| 7 3 15 18 34 | 00 |(650| 82 |5 5|
52 4 33 0 6 o 100 |82 | 82 | 510 ‘;§
33| 7 4 123 4 | 349 100 |4 0] 82 | 4158
84| 7 5 9 12 52 i 100 | 610 Zm
8| 7 313 4 29 82 | 4380 ||EE
36| 7 2 23 18 31 : 82 | 580|838
s7| 7 319 10 16 g2 |4380| 87
38 v 2 21 8 37 || 82 |18 || g
39 7 821 28 4 5 82 |426|\°
40 4 3 4 3 50 |/ 82 (4 0
4 7 3 9 19 5 82 |4 0| (see Fig. 8)
42| 1931 9 24 13 26 1'28:8 45 | 40 l0° en.
481 7 9 24 21 11 | 8600 | 65 |0°
1391 > ca.
s 7 923 2 4 | 3001 51 | 420
45| 7 9 24 1 22 | lggi(l)g 1 57 | 540
o 3553 ) o, [
46| 1928 8 14 7 51 3B 24 | 4 50
47| 7 8 2 22 30 lg‘;jgg 144 |6 30
48| 7 918 1 1 lggjg? 45 32 |11 30
49 | 1929 8 28 1 33 ligjé; 117 |3 30
50 | 1929 4 23 23 16 | 360 i 48 335
51| 1981 8 10 8 41 | BT 31 |15
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In these figures the angle of incidence is plotted against the epicentral
distance. Points denoted by O and those denoted by ® correspond
respectively to the case of focal depth 0-20km and 20-50km. As
apparent from the figures, the plotted value is nearly independent of
the epicentral distance as well as the focal depth, and does not exceed
four or five degrees. In illustration, some examples of typical seismogram -
obtained at Hongd and Mitaka will be shown. (Pl LXXIX, TFig. 4, Pl
LXXX, Fig. 5, Pl. LXXXI, Fig. 6, Pl. LXXXITI, TFig. 7, P1. LXXXIII,
Trig. 8.)

As to be seen from the figures the broad aspect of matter is quite
clear. For example, in case of the North Idu earthquake of Nov. 26,
1930 (see Fig. 4), the initial horizontal motion is quite small compared
with the vertical one. The time of commencement and the period of
the initial motion are quite counsistent in both the horizontal and the
vertical component as seen from the figure. In horizontal motion a
very distinct phase is recognized after 1'5 seconds from the commence-
ment, which is the second phase found by Prof. Matuzawa.

In some ordinary earthquakes which are not so large, the period
of the horizontal motion in the beginning phase is often observed
different from that of the corresponding vertical one, i.e. the former is
shorter than the latter. Even in such a case the horizontal motion
with the same period as the vertical can be detected if closely examined.
In vertical motion it may be difficult to detect a wave of shorter period
on account of its superposition upon waves of longer period. The angle
of incidence in such a case is of course determined by taking the
resultant of three components with the same period.

The period of the initial motion of earthquakes here studied is
nearly the same and ranges between 03 sec. and 1'0 sec. If a wave
with a period more than 1-5 sec. is incident, then the initial phase is
superposed by the transformed wave which is introduced by Irof.
Matuzawa, and so that the determination of the angle of incidence
may become difficult.

According to T. Isikawa’s” recent investigation on the North Japan
Sea earthquake of Feb. 20, 1931 which is. very deep-seated, the angle
of emergence of initial motion observed at the stations in Kivantd
district is remarkably large compared with that observed at other places.
Generally speaking this is quite consistent with the result obtained by
the present writer. From T. Isikawa’s result the true angle of incidence

5) T. Isikawa, Journ. Meteor. Soc., Japan, [ii] 10 (1932), No. 4.
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is calculated with respect to the values at stations in Kwantd district
alone and shown in Table III.

Table III.

station e i %
Tukubayama 800 100 8's
Kakioka 800 160 88
Kumagaya 69°0 210 190
Tokyd 78'6 16'4 140

The value of 4 obtained by the writer at Hongd is 8° 18/, as shown in
Table II. |

ITI. Discussion.

To explain the observed fact as above stated, the relation between
¢ and 4 must be at first examined in both cases of the mode of super-
ficial stratification of the earth crust introduced by Prof. Matuzawa®
and by Prof. Imamura”. Prof. Imamura has taken into consideration
the existence of a superficial sedimentary layer in the upper part of
Matuzawa’s first layer (£). Thus, the thickness of the sedimentary
layer and its velocity of dilatational wave are determined 10km and
368 km/sec. respectively. The mode of stratification of the earth crust
is shown in the following Table (Table IV), referring to the recent
investigation of Prof. Matuzawa®. ’

Table IV.
Matuzawa Imamura
depth from the vel. depth from vel.

surface of dil. waves the surface of dil. waves

e Okm— 4km 1'94 km/see. 0km—10 km 3'68 km/sec.
4 20 50 (sed. layer)
P* 20 —50 62
P >50 75
6) T. Marvzawa, Bull. Earthq. Res. Inst., 5 (1928), 1-29; 6 (1929), 177-204.

7) A. Imamura, F. Kismisvouvye and T. Kopaira, Bull. Farthq. Res. Inst., T (1929),

471-487.
8)

T. Marvzawa and T. FururoMmr, loc. cit., 517.
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The relation between the angle of incidence at the earth surface
and the epicentral distance can be easily determined, if the focal depth
is given, as the problem is quite the same as that of geometrical optics.
Numerical calculations were carried out for two cases and shown in
Fig. 2 and 3. At first the depth of focus is taken 15 km, i.e. the
source of seismic disturbance is in the first layer (F). In Fig. 2 and
3 the relation is shown by the curves denoted by “15km Imamura”
and “15km Matuzawa”. The former curve shows the 4—i relation
for Prof. Imamura’s assumption and the latter one for Prof. Matuzawa’s
assumption.

On account of stratification of the earth crust, beyond a certain
epicentral distance the first incidence is the wave which is transmitted
through the second layer parallel to the surface. For instance, in case
of Matuzawa’s assumption at a place 62km from the epicentre the wave

denoted by P P* P will first appear, which starts from the first layer

and is refracted into the second layer and again into the first layer.
Up to this epicentral distance the angle of incidence varies continuously
with the distance, but beyond this distance it remains constant and 18°
30’ in the above mentioned case. '

In the next place, the depth of focus is taken 35km i.e. the origin
of seismic disturbance is in the second layer (P*). At small distance
the angle of incidence approaches asymtotically to that of P P* P in
the preceding case. According to Matuzawa’s assumption, beyond the
epicentral distance 165km the first incidence is a wave denoted by P¥
P P* P (a wave which starts in the second layer and is refracted into
the lower medium and again into the upper layers). In other words,
to obtain these curves the travel time of different waves is taken into
consideration. The same notice as above holds with respect to other
set of curves. ‘

As to be seen from Fig. 2 and 3 the curves thus obtained are not
consistent with the observed values which are far smaller than that
caleulated as above. This may be rather natural. In order to obtain
a curve which is well consistent with the observed values, it may be
plausible to assume that there exists a quite superficial surface layer in
which the velocity of transmission of waves is very small. Although
such a factor may have already been taken into account by others, the
present writer has examined it only numerically. The velocity of
dilatational wave in this layer is casily determined from the observed
value of ¢ of the wave P P¥ P. At the epicentral distance 80km or
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so, the mean observed value of i is approximately 4° 80'. Let « be the
velocity to be determined, then the following relation is obtained, unless
there is any oblique boundary separating two media,
sin =2,
62
where 62 km/sec. is the velocity of dilatational wave in the second layer
(P%). .

As the observed values of 4 are nearly the same both at Hongd
and Mitaka, the value of v becomes also the same at both places. From
above formula » comes out approximately 05 km/scc.

Now the velocity is determined 0'5km/sec. as above, but the thick-
ness of such a layer can not be obtained at all. At any rate there is
no doubt that such a layer is only confined to the very surface.

To obtain the ¢—4 relation, the thickness of the layer with velocity
0 5 km/sec. is tentatively assumed 0-5km, because the thickness of this
layer does not much affect the 7—4 curves. The {—4 relation is
caleulated for two cases of focal depth as before under the mode of
stratification of earth crust tabulated as follows. (Table V)

Table V.
Thickness of layers ] 05 km. 4 16 30 >50.5
Vel. of dil. waves \ 0'5 km/sec. 194 50 62 5

The results of calculations are shown in Iig. 2 and 3. In this
case also, the curves have been drawn, the travel time of different waves
being taken into consideration. From the figures, the observed values
seem to be generally well explained in this manner.

Recently it has been suggested by some seismologists” that the
earth crust has no stratified structure and the velocity of propagation
of waves increases with depth continuously. As far as the angle of
incidence at the surface alone is concerned, there is no remarkable
difference whether the earth crust is stratified or not.

In the earthquakes shown in Table II, the period of the initial
motion ‘is nearly from 0-3sec. to 1-0sec. When the period is so large
as a few tens of seconds, the matter becomes somewhat different. In
case of the great Tango carthquake of March 7, 1927 the seismograms

9) K. Saa1sara, Geophys. Mug., 4 (1931), 147-155.
H. Honpa, Geophys. Muag., 4 (1931), 201.

2
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obtained at Hongd (A =427 km) revealed motions with very long period
from the beginning. Therefore, the record of the seismograph must
undergo certain reductions.
Using the customary notations, the equation of motion of a seis-
mograph is given by ‘
o da | . - d’m
pr +2¢ i +nfa=—V i
If this equation is integrated twice from t=0 to {=¢, then

a+2£{ta dl+u2{tdtfta dt=—Vz.

The displacement of the earth-movement at any time ¢ is obtained
by the reduction shown in the left-side of this equation. In case of
great Tango earthquake the period of initial motion is approximately
35 sec. and the angle of incidence comes out 58°.

Another example is the strong earthquake of Nov. 2, 1931 which
took place in Miyazaki Prefecture in Kyhsyt. The seismogram of the
vertical seismograph obtained at Hongd has been already reduced by
Dr. H. Kawasumi'”. From Dr. Kawasumi’s result and the record of
Imamura’s long period horizontal pendulum seismograph, the angle of
incidence is determined approximately 50°, the period of the motion
being 25sec.  Although these are only two cases, it will be seen that
the angle of incidence varies with the period of motion. This fact may
suggest that the most superficial structure, varying from place to place,
is not effective to the refraction of seismic waves with long period.

It follows from the theory of elasticity, that the law of refraction
of elastic waves at the boundary separating two media is independent
of the wave length of incident wave. It holds indeed, if the boundary
is large enough compared with the wave length or infinitely extended.

On the other hand, suppose that the upper medium is separated
by vertical boundaries into blocks, loosely connected with each other,
dimensions of which are of the order of magnitude of wave length.
In such a case if the elastic wave whose wave length is much larger
than the dimension of each block, is incident from the lower medium
to the upper one, then the strain distribution in the upper medium
may be nearly uniform. Therefore such a surface block behaves as if
this is only a part of the lower medium, and does not contribute to
the refraction of elastic wave.

10) H. Kawasumt, Disin or Journ. Szism. Soc., Japan, 4 (1982), No. 2, (in Japanese).
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In case of earthquakes shown in Table II, their period of initial
motion being from 0-3 sec. to 1-0sec., the most superficial surface whose
velocity is 0'5km/sec. may play an important part. On the other hand
it may not be brought into question for the wave of long period as that
of great Tango earthquake or of the strong earthquake in Miyazaki
Prefecture. ‘

Dr. S. Haecno™ has obtained 0-25km/sec. as the velocity of dilata-
tional wave of the ground by the Radio-Seismograph which he has
constructed, in his experimental study made in the compound of our
university. This value is one half of that obtained by the writer, but
the superficial ground may not afford to contribute to the refraction of
ordinary seismic waves by the reason as above mentioned.

Dr. N. Nagu' has investigated the propagation of artificial disturb-
ance produced by falling a stone on the ground and obtained 078 km/sce.
as the velocity of the dilatational wave in the experiment made at
neighbourhood of our university. This is somewhat greater than that
obtained by the writer, but nearly the same in the first approximation.

Now the writer will remark on some observational facts with regards
to the seismogram.

At first it is often observed that at the commencement the vertical
movement apparently ocecurs one or two seconds earlier than the hori-
zontal one. This point was found by Visser and Berlage'™ from their
observation of distant earthquakes in Batavia. The way of explanation
of this phenomenon is similar to that proposed by Prof. Matuzawa.

The apparent earlier commencement of the vertical motion is also
often observed in the earthquakes shown in Table II. Tor instance, in
case of the carthquake of March 9, 1931 608 km distant from Tékyo,
the amplitude of the vertical initial motion is 0°1 mm (magnification: 28)
‘and the horizontal one (magnification: 50) is observed with difficulty
two seconds after the commencement of the vertical one. The ampli-
tude of the first phase may diminish so much partly due to several
refractions and reflexions' at boundaries of discontinuity, partly due to
the mechanism of occurrence at origin. At any rate, the horizontal
motion becomes so small compared with the vertical one, because the

11) 8. Haexo, Journ. Astr. Geophys., Japan, 8 (1931), 39-50.

12) N. Nasu, Disin or Journ. Seism. Soc., Japan, 1 (1929), No. 5, (in Japanese).

13) 8. W. Visser und H. P. BERLAGE, Gerl. Beitr. z. Geophys., 19 (1928), 147-152.

14) H. Kawasvwmr and T. Svzuki, Disin or Jowrn. Seism. Soc., Japan, 4 (1932), No. 5,
(in Japanese).
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tangeut of the angle of incidence is one-tenth or so at Hongd and
Mitaka. Therefore, the apparent earlier commencement of the vertical
motion than the horizontal one is naturally understood in case of small
earthquakes as well as somewhat distant earthquakes.

In the next place, the seismogram of the vertical component does
;llot often reveal any distinction between the preliminary tremor and the
principal portion, especially in case of near earthquakes. Fig. 5 [PL LXXX]
shows the most typical example. On the other hand, the horizontal
motion is literally small in the preliminary tremor and becomes sud-
denly large when the distortional wave is incident. This fact may also
be due to nearly vertical trajectory of the wave near the surface.
Although it will depend upon the mechanism of occurrence at the
origin, whether the SH-wave (distortional wave with its plane of vibra-
tion parallel to the surface) or the SV-wave (the same with its plane
of vibration in the incident plane) will be mainly produced, the vibra-
tion of the particle will become gradually parallel to the surface from
deep place toward the earth-surface even in case of predominance of
SV-wave. If such a consideration is taken for granted, the observed
fact may be plausibly understood.

Onc more remark will be added to this phenomenon. In case of
great Tango carthquake, the three components of the seismogram "ob-
tained at Hongd revealed clearly the distinction between the preliminary
and the principal portion. It must be remembered that the angle of
incidence in this case is 58°.

Summary.

(1) A remarkable forerunner of earthquake motion obtained at
Hongd and Mitaka has been fully discussed and plausibly elucidated
by Prof. Matuzawa and others. The present writer has studied the
angle of incidence of the first motion and it becomes approximately 4°
as the mean value at both stations, its fluctuation being small.

(2) From this value of angle of incidence, 0-5 km/sec. is determined
as the velocity of dilatational wave in the most superficial layer.

(8) The angle of incidence of the first motion seems to vary with
its period such that 4° when the period is 0-4sec. or so and 50° when
the period is about 30 sec.

(4) A few remarks are added to explain some characteristic features

of seismogram.

In conclusion the writer wishes to express his heartfelt thanks to
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Prof. Matuzawa for his kindness in revising of the original n nuscript
and valuable advices. Further the writer wishes to record his “1debted-
ness to Dr. H: Kawasumi. ' '
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Magnification 50

Magnification 18

Fig. 5. Earthquake of October 5, 1928. (No. 1)
Recorded at Mitaka.
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Fig. 8. Earthquake of March 9, 1930. (No. 41)
Recorded at Mitaka.



