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Chapter V. On the Mechanism of Occurrence of the Deep-seated
Ise-bay Earthquake of June 2, 1929.

This earthquake has been investigated by Mr. K. Sagisaka?, who
inferred from the “ pull-push ” distribution of initial motions that the
earthquake was originated according to the mechanism of model B in
which two nodal planes at right angles appear. And he called the
earthquake as a fault earthquake showing also a conspicuous distribu-
tion of seismogram types” in favour of this mechanism of earthquake
occurrence. But Prof. M. Ishimoto” on the contrary pointed out recently
that the © pull-push ” distribution of this earthquake was also explainable
remarkably well by the mechanism of model A in which nodal cone
surface appears. And the present writer showed that not only the
direction but also the amplitude of P- and S-waves of the deep-seated
Central Japan earthquake of June 2, 1931 were explainable by the same
mechanism. Thus the question “ which of the mechanisms of model 4
or model B give rise earthquakes ?” arose, and the present writer ex-
amined the question with the amplitude of P-wave of the present earth-

1) Continuation of a paper with the same tytle in Buill. Farthq. Res. Inst., 11 (1933),
403~453. Already published in Japanese in Disin, 6 (1934), 32~53; 223~246.

2) K. Sacrsaka, Geophys. Mag., 3 (1930), 165~167.

3) The fact that the types of seismograms of an earthquake vary with the bearings
from the hypocentre was first pointed out by late Prof. F. Omori. Bull. Earthq. Inv.
Comm., 1 (1907), 145~154.

4) M. Ismnoto, Proc. Imp. Acad., 8 (1932), 36~39.
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quake, while Mr. Sagisaka” published again a paper entitled “Mecha-
nism of motion at a hypocentre as seen from first motions of seismic
transverse wave’”, in which he stated that no contradiction occurred
though he examined the direction of S-wave, and he revised his former
view that the earthquake was originated by normal faulting, and explained
by saying that the earthquake was originated by a motion at a hypo-
centre such that a sphere changes its shape into an ellipsoid. He also
found that no difference could be observed between the fault and nodal
planes (which are perpendicular to each other according to Mr. S. 1.
Kunitomi’s hypothesis®) even though he examined S-phases of this
earthquake and an after-shock of the North Idu Earthquake, and advo-
cated that it is better to withdraw the different names as fault and nodal
planes. But if we are permitted to call Prof. Matuzawa’s model of
doublet exciter with moment as fault earthquake, we can theoretically
find evident difference in the fault and nodal planes by examining S-
phase, though existence of such an earthquake is another problem. And
we do not pursue this point further. But as Mr. Sagisaka’s investigation
is not based upon any theory, so that the conclusion is not decisive.
And there remains the questions, “is the earthquake really inexplicable
by the mechanism of model 4 ?”, and “how far is it explained by the
mechanism of model B ?”. In the following these points were examined
by a quantitative method based upon the theory of elastic waves. The
method is the same as used in Chapter IV, and so this will serve as the
verification of the applicability of this method.

Fortunately Mr. Sagisaka published in his paper seismograms due
to this earthquake at many stations in Japan, complying the writer’s
request through the late Prof. K. Suyehiro, the former director of the
Tarthquake Research Institute, to Dr. T. Okada, the director of the
Central Meteorological Observatory. And the above points could be ex-
amined by virtue of this material. The writer wishes to take this op-
portunity of expressing his sincere thanks to late Prof. Suyehiro, Dr.
Okada and Mr. Sagisaka.

As to the position of hypocentre of this earthquake Mr. Sagisaka
gave in his first paper

@=2384%4N, A=136°6F, and the depth =360 km.,
while in his second paper we find

5) K. SAGIsARA, Kensin Ziho, (1932), 15~42.
6) S. I. Kuxiroyi, Geophys. Mag., 2 (1929), 65~89.
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@ =384°16" N, A=137°14'E, h=ca. 300 km.
But such inaccuracy must have been inevitable from the observational
accuracy at that time. And the writer determined the position of hypo-
centre so as to adapt the distribution of initial motions of P-wave. It
will be of some interest to know that the hyocentre is determined by
such method with a tolerable accuracy.

First the observed amplitudes of this earthquake are tabulated in
Table XII. The values of P-wave are wholy extracted from Mr. Sagisaka’s
paper and those of S-wave were measured by the present writer from
the enlarged photographic reproductions of the seismograms in Mr.
Sagisaka’s paper. We must correct these values for initial conditions of
seismographs, but as the seismograms available were hand-written copies
the correction was not excuted. So the sccond throws (P, and S./)
were also tabulated for comparison. Moreover the magnifications of
the respective seismographs were not given in the above paper, the
values in the table may also be inaccurate in this sense, therefore the
ratios of amplitudes of P- and S-waves are derived from the reproduced
seismograms.

1. Initial Motion of P-wave and the Mechanisms of Occurrence of
Model 4 and Modcl B.

Horizontal component of the observed initial motion of P-wave in
the above table are written in Fig. 11 and Fig. 12. Let us first examine
the mechanism of model 4 suggested by Prof. Ishimoto. First the
depth of hypocentre was assumed to be about 328 km. for which the
writer already calculated” time distance curves and constant of seismic
ray I{. And the vertical angle of the nodal cone was assumed to be
55° as obtained in chapter IV from the Central Japan earthquake of
June 2, 1931. Then adjusting the nodal line so as to pass through Miya-
zaki, Unzendake and the vicinity of Matumoto, the epicentre turned out
at p=34" 18" N, A=136" 33" L, and this is just the same position of Mr.
Sagisaka’s first epicentre. The axis of nodal cone inclines by about =
25° in the azimuth of N 70°W, and the resulting loci (diagram is
omitted) of equal amplitudes of .calculated horizontsl component are not
in harmony with the distribution of observed amplitudes which is nearly
symmetrical on both sides a line trending N 80° W which seems to pass
through the epicentre, moreover the positions of maximum amplitude on
cast and west sides of epicentre seem a little farther away from the

7) H. Kawasvyi, Bull. Larthq. Res. Inst., 10 (1932), 94~129.

L]

&



Part 4] Study on the Propagation of Seismic Waves. 663
Table XII. Observed amplitude of P- and S-waves
due to the Ise-bay earthquake, June 2, 1929.
Station r P 5 Sul| Pn' | St L PH',-
N 0 U N §o S | S«

Tu +160; —235 284+ 636{—1705 1820/ 680 | 3884 | 011 018
Sionomisaki | —128 —130| +450| 179 ~ 614 (ssimyossm) {1 §
Sumoto — 55| —800] +43 4199+ 199 281| 545 | 622 092 088
Yagi + 33} —300 302
Nagoya +186] + 7 136 —278— 852 895 269 | 1796 | 0'12] 015
Gihu + 74 — 24 77
Kybdto + 96| —157| +243 183 —193/— 295 353 365 | 788 | 0'53| 046
Hikone +215 — 83 +858 218 '
Wakayama + 0 —148 148
Numadu _ 51| — 82| —284 88 +551|— 563 788 306 | 1313 | 0'14| 024
Takayama + 6/— 230 237
Tokusima + ¢ — 20 420
Matumoto
Toyooka +198] —~106 166, +222(+ 199 293 382 | 770 | 065| 050
Mera — op| — 88| —138 43 +381|— 284 478 0:09 | (026)
Hatizydzima +120| —114] --220] 165 —392— 364 535 890 | 797 | 030| 049
Okayama +100] —296 313
Niihama — 5 —216 216
Yokohama — o5 — 82] —390 41| +625— 341 711
Oiwake + 34 34
Muroto — 40| —156 161 +186/+ 224 262
Kumagaya — g0l — 12/ — 95, 61| +338/— 206 396
Tokyd _ 90| — 18| —1501 27| +511|— 597 786
Husiki + 53 — 10 54 —1150 1150/ asso] ® | ()
Nagano — 80| + 31 43 —1040 B8W) "E) | 004] 005
Mito —150 150
Tukubasan — 75/ — 79| — 10, 109
Koti’ — 25| —242 243 -+841|--1522 1560| 861 | 2879 | 017| 013
Yamagata — 97| — 53 111 +767|— 967 1240 009
Tadotu — 5 — 25 25
Kakioka — - 8

(to be continued.)
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Table XII. (continued.)

Station r P 5 Sul o | sy P Pn"
N | E|U N| E|U Su | Su

Tyosi — 38 — 70, — 52 7€
Takata — 47| — 26: — 85] 54| +220! —400 457 012
Utunomiya - 1 - 2 2
Matuyama - 5 —130 130
Hirosima - 6 — 94 94
Hamada + 15| — 48 + 83| 50, + 32 -+381|+89 882 013
Hukusima — 56| —104 118
Onahama —-100] — 26 103
Ooita — 52| — 44 + 55/ 68
Sendai — 39 — 80, — 38 49, +335 —205 398 012
Isinomaki — 8] — 25 25
Miyazaki + 4 — 10 10, +209 +962 938 001
Simonoseki -+101
Hukuoka 4258/ +850 177
Kumamoto + 6 — 18 17
Unzendake 4+ 8 — 8 8
Nagasaki + 10 20, — 19) 28 —216| +239 322 007
Akita — 81| — 90 —540 121| 4182 —125 221 055
Morioka — 9] — 8 29
Miyako — 928 28
Aomori ) — 10| — 16 - 19
Taikyt + 8 8
Titizima (3) —125 4125 177, (3)| 3806 | 002 | 001
Hakodate — 10| + 10 14 '
Keizyd — 7 - 13 15
Zinsen — 16 + 44 47| + 85 — 45 97| 111 178 | 047 | 062
Sapporo
Kusiro — 8§ — 4 9
Taihoku + 11 4+ 22/ — 36| 25 — 58 — 63 85 47| 165 | 039 | 028
Isigakizima + 26/ + 14 — 47/ 30| —102] — 91 187 65| 241 | 021 | 027
Ko6hu —100, — 63 118
Kanazawa + 23 — 8 23 —1136] —682 1477) 158 | 2918 | 005 | 005
Hakui -+ 140 75 159 —825 825 019
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epicentre than observed actually. So we can see the hypocentral depth
assumed above was too deep. Therefore the depth 803 km. is assumed
and the same loci of equal amplitude are drawn on a map which is indi-
cated in Fig. 11, in which the previous deffects are improved. Position -
of epicentre came out this time at

p=84°16" N, A=136°47" E.
As the method of calculation of the loci is just the same as in Chapter

1V, so only the necessary values for the calculation and the results are
tabulated in Tables XIII and XIV.

Fig. 11. Distribution of initial motion P (arrow) due to the deep-seated
Ise-bay earthquake of June, 2, 1929, and isoamplitude line calculated
for the mechanism of model 4.

As we see from Fig 11, the “push” that is compression is entirely

enclosed by a nodal line, and amplitude distribution is fairly well ex-
plained by the loci of equal amplitude, except those at Numadu and
Koéhu. And this will be sufficient to support Prof. Ishimoto’s opinion.
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But we must examine similarly by the mechanism of model B before

concluding.

Table XIV. Calculated amplitude of horizontal component
of P-wave on the earth’s surface due to mechanism of
model A for the Ise-bay earthquake.

0-1][:i‘]:[<9:i',> ( )P(COS 9))(10
t o/ N\

X 0° 1°8 | 2° 14" | 8°18' [40° 20/ | 5° 22’ | ¢° 23’ | 7°23'| 8°23' | 9° 23" |10° 23
0° 0 1573 1723 | 1052 496 183| — 77| —199| —805| —311 | —332
15° 0 1542 1667 | 0991 | 0443 97| —106] —2232| —322| -325| —341
30° 0 1458 1494 818 302| — 13| —191] —285| —368| —862 | —370
45° 0 1328 1232 561 93| —174| —310| —374 | —427| —419 | —403
60° 0 1162 909 256| —~149| —349 | —438| —467 | —483 | —453| —412
75° 0 982 567 | — 51| —890| —514| —b54 | —542| ~520| —476| —435
90° 0 794 287 | —836| —594| —644| —628| —580| —522 | —467 | —412
105° 0 615 | — 52| —568| —745| —721 | —658| —578| —488| —424| ~359
120° 0 459 | —294 | —740| —839| —749 | —645| —537 | —420| —355 | —281
135° 0 337 | —472 | —852| —872| —737| —601 | —474| —336| —271| —194
150° 0 244 592 | —918| —877| —706| ~549| —400 | —256| —192| —113
165° 0 187 | —661 | —942| —872| —677| —504| —3857 | —200| —1i36 | —507
180° 0 168 | —680 | —950| —868| --664 | —489 | —339 | —179| ~116| — 37

As was already stated there are two

types in the mechanism of

model B, the Prof.

Matuzawa’s type and that of Prof. Hasegawa, but

the space distribution of amplitude of P-wave is identical and the dif-

ference is seen in the space distribution of S-wave.

But putting off the

discussion of S-wave to the next article P-wave alone is discussed here.
From the equation (27) or (30) of Chapter II,

(2) 3" N
m=A2 {Hﬁ*%;(}”)}singﬁ sin(2¢p -+ €)e™* \
7" "//)-
2/ 1(p£ =nhr)
=~ 2l gl &in’fsin (29 +¢),
™ r

& (hr
o= 0D
7’..

2 sin @ cos § sin (29 +¢) e”“~0< )

)

. (82)
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(2) -
/I"QZAH%%(}M)Q sin 0 cos (2 +¢) ei"‘—t()(%), }

i
where w;, v, and w, are displacement of P-wave due to mechanism of
model B in the direction of », § and ¢ respectively. At large distance
from the origin we have only to discuss w;. The nodal surfaces of P-
wave is therefore 2¢p+e=0 and #, and in the vicinity of hypocentre
they are two planes intersecting each other at right angles. The line
of intersections of the nodal planes is #=0 and is nearly horizontal in
this earthquake. As the hypocentral depth of this earthquake is not
known sufficiently we cannot determine the inclination of this line. So
here it is assumed to be horizontal, and hypocentral depth is assumed
as before to be 803 km. Transforming the coordinate axis the seismic
vertical, that is the vertical line through hypocentre, is now taken as
the polar axis, and the angle subtended by this poler axis and a seismic
ray is denoted by 4, and the azimuthal angle is represented by @. Then

sin"fsin (2¢ + &) =sin*@sin 2¢ cose +sin®fcos2psin €
=sgin @ sin 24 cos & 4 (cos™ —sin’4 sin’ @) sine.
And taking the effects of reflexion and refraction into consideration the
amplitude on the earth’s surface is given by

D ! 2. . e . 3 .
um%l H(%) (%) {sin 2} sin @ cos € + (cos’s —sin’t sin’P) sin &},
r S 0
83
1 AN/ w C o 2. e e e o . (83)
U17,C0— ]7<q>(0_( ) {sin 2; sin @ cos ¢ + (cos™ —sin% sin’@) sin e}.
P v WS

Taking now tentatively the hypocentre at
@=34°30'N, A=136°54"E, /=303 km.

and putting ¢=25° we obtain the numerical values tabulated in Table
XYV, and is shown as loci of equal amplitude in Fig. 12.

I'rom this figure we see that the direction and amplitude distribu-
tions of this earthquake are well explained also by mechanism of model
B, but comparing with Fig. 11 we can perceive no preference of model
B, though the large amplitudes at Numadu and Koéhu are somewhat
better explained by the model B. These circumstances do not change
if we compare more closely by making comparison diagrams of observed
amplitude and calculated amplitude (deduced by interpolation and listed
in Table XVIII) for each mechanism (see Fig. 13 and 14). We seec in
the figure that deviations of amplitudes at Numadu and Koéhu from the
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Table XV. Calculated amplitude of horizontal component
of P-wave on the earth’s surface due to mechanims
of model B for the Ise-bay earthquake.

669

9., : 9 . 2. . 2 . n
0'111=—1—H (1[—> (—QL> {sin2isin @ cose+ (cos™ —sinisin®@) sine} x 10".
o \a/\e/,

X 0°] 1°8 2° 14 | 8° 18" | 4° 20" | 5° 22 | 6° 28" | 7° 23’ | 8 23’ |9°23' | 10° 23’
—90° 0| 1497 1900 1191 530 70| —212 | —380 | —542 |—551 585
—75° 0| 1468 1865 1178 357 89| —186 | —350 | —509 |—519 | —553
—60° 0| 1383 1756 1132 574 185 —119 | —272 | —418 |—431 | —464
—45° 0| 1243 1665 1033 537 184| — 84| —168 | —291 |—3806 | —337
—30° 0 1050 1282 8591 466 203 36| — 66| —160 |—174 | —198
—15° 0 813 905 590 334 160 58| — 3| —54|—62|— 76

Q° 0 542 442 22 98 36 1)+ 1]+ 1|+ 3|+ 8
15° 0 255 | — 80| — 227 | — 224| — 167| —110| — 60| — 3 |+ 16| + 44
30° 0| —27 | — 620| — 719| — 593 | — 429| —289 | —177 | — 59 |— 19| + 34
45° 0| —281 | —1195| —1199 | — 987 | — 708| —493 | -324 | —149 (- 87| — 8
60° 0| —482 | —1539| —1601 | —1292 | — 958 | —681 | —464 | —244 |~162 | — 61
75° 0| —612 | —1810| —1870 | —1545+| —1130| —813 | —565 | —315 |—220 | —103
90° 0| —657 | —1905| —1965| —1625 | —1192| —861 | —602 | —342 |—241 | +120

Fig. 12. Distribution of P due to the Ise-bay earthquake, and
iso-amplitude lines calculated for the mechanism of model B.
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mechanism of model A are not particularly large, and any of the

mechanisms will do for the explanation of amplitude of P-wave observed

in Japan, and we can therefore prefer neither of the mechanisms from
- the above examinations. So we must examine the S-wave.

X
¢ 3
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bt 4017}“ ¢
200t . o 3wl . o ¢
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—200+

Fig. 13. Comparison of the observed Fig. 14. Comparison of the observed

P with the value calculated for the P with the calculated value for the
mechanism of model A. mechanism of model B.

2. Initial Motions of S-wave and the Mcchanisms of Occurrence
of Models A and B.

The motion due to S-wave by the mechanism of model A is cal-
culated as in Chapter IV and indicated in Table XVI and Fig. 15. On
comparing the figure with the distribution of the observed first motions
in Tig. 16, we notice an evident difference. That is the largeness of
observed amplitudes in north-eastern part of Japan and the existence
of north component motion in the actual observation in the same district,
while the nodal line of S-wave passes through the district in the above
mechanism and direction of motion calculated is nearly westwards. To
explain these discrepancies we can superpose any of the S-waves of the
second kind which may exist independently to the mechanisms by which
P-awvaves are generated. TFor example (Cf. Chapter II, eq. (16))

H21(kr
W= 01‘—9:(9

sin 6 ¢,

¥r
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Table XVI. Calculated amplitude of S-wave due to mechanism
of model 4 for the Ise-bay earthquake.
1 B\ u . 5
o =-— H(-—) (%) cosfsinfcosB3x10°, ........ ()
» % % 0
1 B’ . 7
Caz=-— H(—)(—QE> cos@sinf@cos 8x10°, ........ (Z)
ty B/\B/,
’
og,¢=in<ﬂ_>2 cos 0'sin 6 sin 8 x 107, (D)
tp c
] . '
7 0 [1°8" [2°14'8° 18" [4° 207 | 5° 22" |6° 23’ | 7° 23' | 8° 23’ | 9° 23’ |10° 23
() —1322| —1472| —1821| —1103| — 920/ — 763| — 572 —481] —350
0 (#£) + 11 + 631| -+ 828 + 760; + 610 + 476/ + 378 + 283| —239 +190
(D) 0 0 0 0 0 0 0 0 0 0
(H) — 108 —1346) —1506| —1306| —1083, — 898 — 740| — 549 —460, —344
15 (7)) + 80 + 643 + 847| + 752 + 599, + 465| + 876 + 272 +229) +180
(D) — 646 — 491| — 344 — 245 — 175 — 130| — 99 — 70| — 54| — 41
(H) — 809 —1412) —1459| —1261| —1023) — 833| — 673| — 484 —399| —289
30 (%) 4+ 87] + 674 + 820| + 726 + 566 + 4581| 4+ 334/ + 340, 4198 +151
(D) —1295 — 918 — 634| — 448/ — 315 — 231| — 173 — 119| — 90| — 67
(H) — 610| —1508| —1432) —1182) — 935 — 727| — 566| — 380| —302| —202
45 (1) 4+ 171| + 718 + 805| + 680 + 512| + 376! -+ 281| + 188) +151] +106
(D) —1681) —1229) — 831| — 574 — 395 — 282 — 205/ — 183 — 98| — 67
(H) — 975| —1598| —1377| —1067| — 970 — 585| — 426/ — 246| —179 — 92
60 () + 278 + 761| + 774| + 614) 4 437| + 308| + 211} + 122 + 89| + 48
(D) —~1977] —1396| — 912| — 608 — 402| — 274 — 188| — 106| — 71| — 38
(H) —1859) —1659| —1287] — 917| — 623| — 557| — 260 — 91| — 87| + 33
5 (Z) + 381 + 793 -+ 723 + 528 + 344) + 288| + 129 + 45| + 19 — 17
(D) —2099 —1415| — 881| — 556 — 44| — 213| — 127| — 45| — 17| + 15
(ar) —1721| —1420] —1157 — 784) — 431 — 225\ — 79| + 71| +111| +162
90 (7)) + 482 + 678| 4 650, + 423 + 238 + 117| + 39| — 85 — 55 — 84
(D) —2055 —1307| — 760 — 439 — 289 — 118/ — 40 + 36/ 52 79
1) —9035| —1657| — 993 — 531| — 226 — 29/ + 102 + 232| +256 +286
105 (2) + 570 + 791| + 558 + 805, + 125/ + 15| — 50/ — 115 —128] —149
(D) —1871| —1109| — 588 — 298 — 118 — 15 50| 114/ 118 188
(H) —2243| —1589) — 806| — 331| — 25| + 159 + 275, + 581| +389| +398
120 (%) + 628] + 759 + 458| + 185 + 14/ — 82| — 186 — 189 —194| —208
(D) —1582] — 867| — 405| — 153 — 11 70, 119|168 169 175
(1) —2459| —1497| — 630 — 127| + 153| + 326| + 425 + 507| +512 -+490
135 () + 689 + 715/ + 354| + 73 — 85| — 169 — 211| — 251| —255| —256
(D) —1295) — 618 — 244| — 48 57 115  149] 184/ 171| 179
) —9578| —1405] — 477| + 57| + 302 + 456] + 540/ + 603| +584] 4559
150  (7) + 721 + 671 + 268 — 33 — 167| — 236 — 268 — 299| —291| —292
(D) — 830/ — 889 — 126 15 76| 118 133 155 143 146
(H) —2635| —1337| — 873 + 135/ + 896| + 539| + 614 + 663| +637| +602
165 (%) + 739 + 639 + 210l — 78 — 219 — 279 — 304/ — 328 —317| —314
(D) — 418 — 185| — 50 18 51 69 78 86 81| 82
(H) —2655| —1812| — 838 + 171| + 428| + 568 + 639| + 683| +654| +616
180 (%) + 744) + 627| + 190 — 98/ — 237 — 284| — 317| — 338 —326| —322
(D) 0 0 0 0 0 0 0 0 0 0
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or

@1 (Jg
Wy = H—;:};(ﬂ sin @ cos @ ¢, ete.
And this is convenient to explain the fact found by Mr. Sagisaka that
the principal portion of the earthquake motion lasted longer in the
Kwanto district (where it is often experienced abnormally severe seismic
intencity in case deep-seated carthquake) than the western part of
epicentre, because Kwanté and Toéhoku districts are near the equatorial

surface 9:% and there may exist such waves which is predominant only
near 6’_—_% in the S-waves of ‘the second kind independently of P-wave.

But if such is really the case and if we superpose only the waves of
zonal harmonic amplitude distribution, the displacement must be asym-
metrical on both sides of the vertical plane coinciding with the polar
axis. Mr. Sagisaka’s observation (Fig. 6 of his paper) seems to indicate
such relation, as the first motion of S-wave at Hatizyézima is west-
wards and has no southward component. But examining closely on the
seismograms we find a clear southward first motion at S-phase of N-S
component. And the asymmetry observed above seems to disappear.
And in order to explain the fact in this way we must choose S-waves
of sccond kind with tesseral harmonic amplitude distribution,” but this
will make the problem very complicated.

Then how are the S-waves accompanying the P-wave of Model B?
S-wave of the first kind accompanying the above P-wave is obtained
by the relation

as=rot ot e

from

8) H. Kawasumt, Bull. Larthq. Res. Inst., 11 (1933), 416.
1 H@ykr)

For n=l=m. u;=0, v;=— 2 cos(p+ e,
2 V r
-1 H{J ()
wy=——p— D——=2=———cos 0 sin (¢ +¢) 71,
2 1’7-

1 HP(Er)
n=2, m=1, u;=0, w="D ’/Z 3 cos 0 cos (@ +&) elrt,
Vr

6
1 HEy0n

w *
3 =T
6

—Z_3cos20sin(p+e)elrt,
Vr

ete.
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=B ‘;(M) sin 6 sin (9) —%), .............. (84)

and this is the sameé with the S-wave in Prof. Hasegawa’s model, that
is the S-wave due to two pairs of double forces, provided B,=—By

:Zzﬁ and B, =0, and Prof. Matuzawa’s model is obtained by superposing
wVmk
H®1 17,
wy=2DB, ———-u sinfe™ ... ... (83)
Vr
o £23er)

to the above wave, or from =25,

sin 6 sin ¢, <Bz:—£(:>.
4uY2rlk
(85) is S-wave of the second kind and we may superpose any other
kind of S-wave of the second kind, but for simplicities sake we shall
only consider in the following the types of Proffesors Hasegawa and
Matuzawa. Of course relative magnitudes of P- and S-waves are sub-
ject to the mechanism of occurrence, and we must examine it from
the actual observations.
Let us first consider the type of Prof. Matuzawa, which is, as we
have seen in Chapter II,
H (+L (L?)

Up=B—2— 5 sin’#sin 2 '=0 < . >,
P2

fv,_B——— {V_H“”l (Iw)} —sinfcosfsin 2 ¢

5IA i( t—Kr)
~1/2kp T L G Beosfsin® , ) (86)
T r 2 ?
LII‘°)1 (kr)
w,=—B { T ——2__ _sin'g + H‘ ’1(M)cos2<p} sinf ¢
7

Q— oi(pb—kr) . .
~1/% 3" ingsin® P.
w 7

There is a nodal plane ¢ =0 or =. And this is coincident with one of
the nodal planes of P-wave and corresponds to the so-called fault plane.
But in this earthquake no difference could be found by Mr. Segisaka
between the two nodal lines and near both of them large S-wave was

9) In Chapten‘ II, the author mistook in identifying this (i. e. eq. (82)) with the
S-wave in Prof. Hasegawa’s model instead of Prof. Matuzawa’s. Sce supp'ementary
note p. 854.
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observed. And this fact rules out the efficacy of Prof. Matuzawa’s
model at least in the beginnings of P- and S-waves of this earthquake.
Then it remains to consider the type of Prof. Hasegawa that is the
wave of first kind accompanying P-wave of Model B.

U2

2=z

?[( )1 (IW)

7'?5

=)/

Table XVII. Calculated amplitude of radial (H) and transverse
(®) horizontal component of S-wave on the earth’s surface

due to mechanism of model B for Ise-Bay earthquake.
as in Table XV1.)

[(m kr)

——— sinfcos#sin2p,

(Unit is the same

1
8sin*fsin 2g ¢ \O( >

{ Vo HY 1 (I )], sinfcossin 2¢ ™"
as

(

(87)

X 0 | 84 | 1°8" | 2°14' | 8°18' | 4°20" | 5°22' | 6°23' | 7°23' | 8°23' | 9°23" |10°23'
$+90°

0 (H) | 5876 8729 1323/—1742 —2532 —2521|—2255|—1954|—1740/— 1412/ —1229|— 992
(@) 0 0 0 0 0 0 0 0 0 0 0 0

15 (H) | 5667 3604 1274|—1682 —2445/—2420|—2178 —1903| —1681|— 1363/ —1186/— 958

(D) |-1518/—1311|— 988— 441|— 120+ 43+ 123 194] 179 214 193 195

30 (H) | 5081 3219 1130—2065|— 2013 —2190|—1945—1728 — 1508/ —1222/—1026/— 857

() |—2934/—2562(—1964— 546— 47/+ 20|+ 100 269 318 865 818 546

45 (H) | 4199 2580 710/—1304/—1840,—1815|—1619/—1419|—1235— 995|— 864/— 694

(D) |—4199 —3695|—3117|—1464 — 579 — 118+ 184 272 353 434 405 423

60 (H) | 2934 1740 438/—1088—1415—1556|— 1182 — 988 — 915/— 696 — 596 — 475

(B) |—5081|—4599|—3746|—2051|— 957|— 859— 27|+ 35 183 399 847| 414

75 (H) | 1518 655/— 147|— 928 —1017|— 848/— 705 — 573|— 474|— 843|— 287|— 212

() |-5667|—5313 —4425|—2623|—1414— 705 — 279— 89 113] 273 978] 396

90 (H) 0 |— 563/— 886— 860/— 595— 378— 221|— 117|— 41|+ 37+ 57|+ 83

(P) | —5867|—5663|—4862|—3091|~1799/—1040|— 565— 279~ 95+ 85 123 187

105 (H) |—1518 —1857|—1745— 920|— 262(+ 177|+ 232 + 332+ 383 424 381| 176

(P) |—5667—6205/—4966|—3348 — 1702 — 1148 — 813/— 505/— 304/— 101| 108 35

120 (H) |—-2934—3012—2653/— 817|— 78+ 39| 638 8200 777 788 660 639

(D) | ~5081|—5497|—4678 — 3304/ — 2160/ —1439|— 953 — 509! — 446'— 250'— 170— 89

ox ) |—4149—42761—3474—1292 + 554 681 925 1071] 1112 1088 1035 945

135 (D) |—4149 —4316,—4476|— 2908 —1967|—1858|— 935/— 668/— 485 — 298 — 230/— 158

150 (H) |—5081 —5189,—4230—1506 1720 867 1068 1323/ 1365 1349 1263 1148

(D) |—2934|—3099 —2897|— 2173/ — 1584/~ 1059/~ 804 — 546/— 408'— 284 — 212/— 158

165 (H) |—5667—5777|—4701|—1664 144 9750 1821 1551 1522 1632 1407, 1279

(D) |-1518—1620/—1527|—1112|— 813 — 580|— 412 — 280(— 239|— 153/— 125— 95

150 (D) | 5867 —5979—4866—1721| 152 1009 1368 1646 1577 1557 1455 1324
(D) 0 0 0 0 0 0 0 0 0 0 0 0
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w—=pLld {V?Hﬁ’l (m)} sinf cos 2g ¢*
r dr Ty

ipt-kr)
Gy )
2:—]/2—]"13 sinfcos 2¢,

V = T

is of large amplitude near both of the nodal planes of P-wave (i.e.
P =i% , ©=0,1,2,3) so we shall calculate the motion similarly as before

to sce how the observed S-wave is explained by this formulae. As I

Fig. 17. Distribution of calculated horizontal motion of S-wave due
to mechanism of model B for the Ise-bay earthquake.

have stated in Chapter II, (87) is equivalent to the waves generated
by the two pairs of doublet without moment with different signs, which
are perpendicular with each other. Waves due to each pair of doublet
was calculated as in the mechanism of model 4. These two parts
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are superposed and listed in Table XVII, and the horizontal component
vectors are indicated on a map which is shown in Fig. 17. From this
we see that the displacement in the western part of epicentre does not
differ, as expected, materially from that of model A, but eastern part
is quite different and the observed displacement of S-wave of this
earthquake is sufficiently explained. Thus on the contrary to the
earthquake seen in Chapter IV, the earthquake here concerned is ex-
plained more simply by the mechanism of model B of Prof. Hasegawa’s
type than the mechanism of model 4 in combination with S-waves of
second kind. And we conclude in this sence, with Mr. Sagisaka, that
the earthquake is originated according to the mechanism of model B.
If we have the observations throughout the world we may be able to
conclude with confidence, but with limited observations within Japan
we can only reach to the above conventional conclusion.'”

3. Amplitudes of P- and S-waves and ithe Mechanism of Earth-
qualke Occurrence.

Now let us proceed to 'g
quantitative examination, cal- &
culating the amplitudes for L 5.4
respective stations and com-
pare them with the observed
valucs (Table XITI and Table
XVIII). In the comparison .
diagram (Fig. 18), the ob- /
served amplitudes by means A e .
of Wiechert seismographs s /
are denoted by ® and those : 3
of Omori or simple tromo- B m ’

meters are denoted by a4, Fig. 18. Comparison of the observed first
horizontal motion of S-wave due to the
Ise-bay earthquake with the calculated
value for the mechanism of model B.

*y
>

<20 ]
—>CQultalaced vo'ue

and between these two groups
1is observed a clear difference.
But owing to the conditions
of begining of motion, the recorded first motion is the smaller the
shorter the proper period of seismograph and the larger the damping, and

10) Through the kindness of Prof. M. Ishimoto the writer excuted with Mr. R. Yosi-
yama such a study of the earthquake of Feb. 20, 1931 from the observations throughout
the world. [Proc. Imp. Acad., 10 (1934), 345~348] and we could have evidences which
could not be explained by no other mechanism than model B.
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Table XVIII. Calculated amplitudes of P- and S-waves
of the Ise-bay earthquake for cvery stations.

Model A Model "B
o2
Ao | X A |Bror] x10 wrie | it 100 (P ’{Zv,,)
( Pm) (Pr) (Su)

Tu 30| s49] 64| 24| 266| 48| 891| —240| 459| 010
Sionomisaki £10| —472] 134] T24|—579| 129 0| —825| 320| 039
Hamamatu 55| 1394 35
Sumoto 2 380| —65 158 | 1 40| —146 1851 — 40| — 69 79 284
Yagi 55 107 133 54 | —107 114
Nagoya 56| 894 75 40 847 47| + 27| —544 545 009
Gihu 109 790 92 54 731 71
Kyoto 109 312 144 1 05 117 142 115| — 88 145 100
Hikone 109 565 121 105 454 119

~ Wakayama 124 —110 168 | 1 27| —201 170
Numadu 1 55| 1433 —32| 1 46| 1489 | —115| —252| —255 359 032
Takayama 155 91-3 431 1 41 703 105
Tokusima 159 —156 171 2 25| 1056 —183 .
Toyooka 2 00| 287 160 2 O 220 184 | —120| — 65 137 134
Mera 226| 1546| —71| 226| 161'7| —180| —125| —120 173 075
Hatidyo-jima 2 50| 1939| —88| 2 50| 1602 | —192 |- — 51| —117 128 150
Okayama 230|— 04 161 2380 — 11 177
Niihama 3 06| —152 111 3 06| —224 138
Yokohama 2261 1428 —62| 2 26| 1471 | —150
Oiwake 216| 1146 —20| 2 16| 1160| — 47
Muroto 2 35| —34'5 1201 2 35 388 146
Kumagaya 2 88| 1277| —57| 238| 1297 | — 99
Tokyo 92 50| 1389 | —75| 2 38| 1425| —142
Husiki 2 18| 849 39, 218| 830 67
Nagano 241 | 1052| —30] 2 25| 1056| — 13| — 78| —3809 319 009
Mito . 841| 13836| —88| 3 28| 1859 | —120
Tukubasan 591 1830 —91| 808 1353 —121
Koti 2 48| —24'5 129 2 56| —270 139 | —215| —158 267 052
Yamagata 4 55| 1148| —78| 4 41| 1154 — 43 41| —125 132 033
Tadotu 2 30| —137 152 | 2 36| —154 167
Kakioka 325| 1336 —85| 38 05| 1391| —136
Tyosi 3 89| 1450| —91| 38 27| 1482| —153
Takada 3 43| 1024| —63| 247| 1027| — 7| — 52| —254 259 003
Utunomiya 326| 1264| —81| 312{ 1085 — 85
Matuyama 3 23| —188 87| 830|—2038 98
Hirosima 335 — 68 86| 840|— 87 94
Hamada 3 57 14 69 400 — 22 7 —-2571 — 8 257 028
Hukusima 4 85| 1095 —77| 4 20| 1206| — 61

(to be continued.)
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Table XVIII. (continued.)

Model A Model B
s | o el & lzeoo] o] m [ o | b Py
(Pn) (Pn) (8m) ”
Onahama £17] 1301| —87| 4 04| 1319 | — 94
Oita 4 26| —229 35| 4 84|—248 42
Sendai 512| 1185| —76| 4 57| 1194 | — 50 54| —118| 125| 040
Isinomaki 532 1199, —72| 518| 1208| — 46
Miyazaki 5 05| —365 2| 516|—3882 20| —182| — 10| 182] o011
Simonoseki 4 52| —148 25| 4 58| —155 10
Hukuoka 520 | ~170 10| 527|—179 6
Kumamoto 517 | —179 10| 526|—265 9
Unzen-dake 540 | —241| — 8| 549]|—258 3
Nagasaki 558|—-230 — 8 607 |—288| — 8| —183 28| 185 004
Akita 6 02| 1051| —68| 547 1053| — 15 30| — 76 81| 019
Morioka 628 1115| —63| 618| 1119| — 20
Miyako 6 47| 1162| —61| 683| 1168| — 22
Aomori 7 17| 1024| —59| 7 02| 1046 — 7
Taikyd 653 59| —15| 655 87| — 81
Titi-zima 833|-1843| —383| 842|-1829| — 12| 100| — 79| 127| 009
Hakodate 8 08| 1012 —52| 752 1013| — 2
Keizyd 835 158| —s2| 885 137| — 50
Zinsen 9 01 168 —33| 849 128 | — 52| —130 40 136 038
Kéhu 201| 1259 —20| 147| 1297 — 68
Kanazawa 218 773 48| 2 02 743 89| — 84| —290 302 029
Hukui 152] 671 98| 1 39| 618| 125| — 46| —810] 314| 040

such difference as in Fig. 18 is not improbable. If we determine the
constant connected with the amplitude of S-wave from the data due to
Wiechert seismographs we obtain (from the straight line in Fig. 18)

- Bl/m 2.%x107%,

in which ¢ (mean velocity of P-wave)=T7'63km./sec. On the other
hand we have as the coefficient of P-wave from Iig. 14,

1'1p= Al/Qh x 10~

If the earthquake is generated exactly according to the mechanism of
model B of Prof. Hasegawa’s type the maximum amplitudes of P- and
S-waves at the same hypocentral distance will be inversely proportional
to the cube of their velocities, and the S-wave must be about 52 times
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of P-wave in the Poisson’s hypothesis. And it is necessary in such case
to become

1
572 BV% x 10,

This relation is denoted in Fig. 18 by a broken line which passes
through the points a due to Omori or simple tromometer.

Strictly speaking the comparison of data obtained by means of
seismographs with different instrumental constants without proper cor-
rections is absurd, so let us ,,
now consider the ratio of am-
plitudes of P- and S-waves at =
the same station by the same [0
instrument. Then this value |, 0 °
will be better even if we do ' )
not apply the corrections due
to initial conditions. The ob- %[
served and calculated ratios of

horizontal components of P- Fig. 19. Comparlson of the ratio of hori-
and S-waves (Py/Su) are com- zontal component of first motions of I-
pared in Fig. 19. We can and S-waves due to the Ise-bay earthquake
see from the figure that the with the calculated value for the mecha-
nism of model B.

o5 7o 75— Cabvlared value

observed ratios are large in
geueral more than two times of the relation in Prof. Hasegawa’s model
(observed ratio x5°2=calculated value). This is also in harmony with
the result a'ready stated.

Such tendency as above that the S-wave becomes smaller may hap-
pen if there is damping due to solid viscocity!” in the material con-
sisting the earth’s crust, but if such large effect as above is to be
explained in this way, we should expect large diminution of amplitudes
of P- and S-waves with epicentral distance and the ratio P;/Sy should
also increase with the same distance. But we cannot observe such a
systematic variation. Therefore the explanation of the fact as the effect
of damping is impossible, and we must conclude that the earthquake was
generated by somewhat different mechanism than Prof. Hasegawa's type.

4, FEnergy emitted from the Hypocentre as Seismic Wawves.

Lastly we shall consider the energy carried out by seismic waves

11) K. Sezawa and K. KanNa1, Bull. Earthq. Res. Inst., 10 (1932), 209~334.
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from the hypocentre. From the constants obtained above, the displace-

ments at large distance from the hypocentre are (taking the real part)
= —1'16w sin”6 sin 2@ cm.
”

_ _g-4%08 (pt—10)

P

sin“@sin2¢p x 10°cm.,

9008 (pt—1Ir)
7

158 cos(pt

sin #cosfsin 2¢ cm.
..(88)
s1nﬁcosésm 2 x10°cm.,

_ _2dcos(pt—ka')

»

sinfcos2¢pcm.

—-15 "cos—(pt———)smecos&p x 10°cm.
r

As T have shown in Chapter IV, the energy flowing out in one
period T from a sphere r=const. (say ¢) is constant not with- standing
the value of ¢, and we may calculate the energy using the displacement
at large distance neglecting 1/+* in comparison of 1/r. By means of the
formula

p= dtf'"dgpf" {4+ 01D+ 1 Fsingdo™ .. (39)
0 (4 (]

and (88), the energy FE, and E, for P-wave (u;) and S-wave (v, w.)
respectively are calculated separately.

- I, :—rpapx(84x10)

_EcZ'g”Pbpx (15:3x 107’

and taking T=4sec. velocity of longitudinal wave a=84km./scc. the

velocity of transverse wave b=4-87 kmn./sec., and p=3'8, we obtain
—E=0'87x10%ergs. and —E,=107x10" ergs.

As we have used for the amplitude the first motion on seismogram

without correction, the actual amplitude must be about twice as large,
so the actual energy will be about 2°=4 times of the above values.

12) The formulae E= [ (uXs+vYs +1wZs)dS and (66) in Chapter IV were misprinted.

u, v and w in these formula should be replaced by , ¢ and w respectively.
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(Besides the energy of S-wave due to mechanism of Prof. Hasegawa’s
type corresponding to the above P-wave is — E,=875x 10™ ergs.)

Mr. Sagisaka obtained by the graphical integration the energy within
about one wave length (or carried away in 4 sec.)

—I,=134x10" ergs. and —FE,=1063x10"ergs.
using maximum amplitudes in P- and S-phases, without taking into
consideration the effect of reflexion at the earth’s surface, so the above
energy must be about 2°=4 times of the actual if though the maximum
amplitude used by him is the actual amplitude of ground motion.

The mean amount of energy carried out from the hypocentre in
one second by both of P- and S-waves is

R= _]_3;2 _Lil;:_Et
And this is a little larger than that of the Central Japan earthquake
of June 2, 1931 (R=2'7x10" ergs). In the actual seismogram we see that
motion with amplitude of the same order as the first motion lasted more
than 10 seconds, so the total encrgy carried out as seismic waves from
the hypocentre of this earthquake was the order of 107 ergs.

5. Concluding Remarlk of Chapter V.

From the above study we sce that the distribution of first motions
of P- and S-waves due to the Ise-Bay earthquake of June 2, 1929 are
most easily explained by the mechanism of model B, confirming the
opinion of Mr. Sagisaka. The mechanism of model A suggested by
Prof. Ishimoto is also sufficient to the explanation of P-wave, and the
explanation of the first motion of S-wave by this mechanism is not im-
possible if we superpose some kinds of S-waves of second kind. The
differrence in fittness of the two mechanisms is slight.

Then considering that the carthquake was generated by the mecha-
nism of model B, the position of hypocentre came out at about ¢=34°
30'N, A=186° 54'E und h=ca. 300 km. The direction in which P-wave
was of maximum amplitude and the initial motion is compressional is
inclined at the hypocentre at about 88° from the seismic vertical in the
azimuth N80°W. The wave emitted in this direction seems to have
reached in the vicinity of Osaka, but unfortunately we have no obser-
vations at Osaka and Kobe. If we were able to observe at these stations,
the seismograms obtained there would have shown no preliminary tremor
as Prof. Omori found at these stations in the earthquake of Feb. 1,
1907 (this carthquake wus probably originated oft the coast of Ensy®

=87 x 10" ergs.

N
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by the same mechanism as the above ecarthquake). The large amplitude
of P-wave at Kyoto, Sumoto, Wakaura and Hikata will show this circum-
stance. :

From the observatlon of S-wave we can see that ‘the earthquake is
not a so-called fault earthquake of Prof. Matuzawa’s type but is nearly
that of Prof. Hasegawa’s model. But closely studying the ratio of
amplitudes of P- and S-waves we must conclude that the S-wave is a
little smaller than in the model of Prof. Hasegawa, but the explanation
of this fact by the damping due to viscosity is probably impossible.
Lastly the energy carried out as seismic waves from the hypocentre came
out in the mean, 87 x 10 ergs per second, and the total of such energy
may be of the order of 10" ergs.

Chapter VI. «Pull-push” Distribution of Initial Motions
of Earthquake of Shallow Origin and Structure
of Earth’s Crast.

As already stated in Chapter I, there are a number of studies con-
cerning the mechanism of oceurrence of earthquake of shallow origin
as seen from the “pull-push ”’ distribution of initial motions. But there
remain important problems, and from whose examination it is promised
the solution of some important questions. In the following I will only
make clear of these points by a few examples, and final conclusion is
a matter of future studies.

According to the former studics the mechanism of occurrence of
earthquake of shallow origin seems to be hardly different from those of
deep-seated earthquakes which have been seen in preceding chapters.
But the difficulties in the study of the former compared with that of
deep-seated earthquake are due to the proximity of the hypocentre from
the observing stations which makes the space derivatives of the pheno-
mena to become large apparently, and in consequence, it is difficult to
catch the whole phenomena even with the seemingly dense net of ob-
serving stations in Japan, besides small irregularities in the structure of
the earth’s crust may possibly cause the large difference in the earth-
quake motions. But on the other hand the largeness of space derivative
serves o very important clue for the determination of crustal structures.
Indeed, even the shape of nodal lines shows fine correspondence with
cruslal structure.

1. On the Exist nce of Discontinuity Surface in the Earth’s Crust
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as inferred from the Shape of Nodal Lines.
As an example let us see the earthquake of July 27, 1929 which
originated in the middle part of Sagami province. Mr. Hayata™ already

128° 5 132 3¢ 136°

130" 32 134° Cone 138

3
3
o
H

146"

Fig. 20. “Pull-push” distribution of the earthquake of June 27, 1929.
® compression=push
. O dilatation =pull

studied this earthquake in detail, and gave the direction of initial mo-
tion in his paper, but he did not discuss the mechanism of the earth-
quake occurrence. Plotting his observations as well as the observations

13) K. Havara, Geophys. Mag., 4 (1931), 39~51.
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at stations in Kwanté plain under the Earthquake Research Institute!?
on & map, we find peculiar “pull-push” distribution (Fig. 20). Near
the epicentre there is an isolated group of .stations (Tékyd, Yokohama,
Mitaka and Kamakura) where the first mations of P-wave were com-
pressional (or push), and the surrounding stations recorded first a dila-
tation. And this again changes into a region in the western part of
epicentre where the stations again recorded first a compression. But in
the northern part of epicentre Niigata and Akita recorded first a com-
pression while Hukusima, Sendai, Morioka, Aomori, Hakodate and Muro-
ran recorded first a dilatation. The boundary between these regions is
very remarkable. It is nearly straight line in the northern part and
nearly circular in the western part of the epicentre. It is difficult to
explain the “ pushes” in the vicinity of T6kyd by no other mechanism
than model 4, and the boundary curve of the western and northern
parts can also be interpreted if we assume discontinuity surface in the
earth’s crustal structure by the same mechanism, while, on the contrary,
it is very difficult to explain the fact by assuming & continuous varia-
tion of velocity within the crust here concerned, as in the model of
Messrs. Sagisaka™ and Honda'® which was obtained under the assump-
tion that nowhere two seismic rays of the same kind of wave reach
from the hypocentre. The circular arc in the western part is inter-
preted then as the circle at which P- and P- (say) waves arrives at the
same time (which is the so-called inflexion circle™ named by Dr. K.
Wadati, but I am not sure of its appropriateness, so it will be called
in this paper provisionally a critical circle), and transition from the
inner region to the outer of this circle means a discontinuous change
in the emergency angle, and this circular boundary is not primary nodal
line, but it is a secondary one due to singularity in the structure of the
earth’s crust.

But we may not necessarily assume the existence of discontinuity
surface to explain the shape of the nodal line, but it is very difficult
to elucidate it by assuming continuous variation of velocity and unique-
ness of seismic ray of P-wave from a hypocentre to a station.

Let us now make clear of these points taking the present know-

14) Seismometrical Report of Earthquake Research Institute, 1924~1930 (1934).
15) K. SAaIsagA, Geophys. Mag., 4 (1931), 147-155.

16) H. Hoxpa, Geophys. Mayg., 4 (1931), 29~38; dbid., (1931), 185~213.

17) K. WapaT1, Geophys. Mag., 1 (1927), 89-96.

S. I. KuNiroumr, do., 1 (1928), 238~254; do., 3 (1930), 149~164.
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ledge of crustal structures into consideration. As to the crustal struc-
tures in Japan, since Dr. K. Wadati introduced the single-layer model
Messrs. 8. I. Kunitomi,”® K. Sagisaka, H. Sat$,”” K. Hayata®™ and T.
Hirano®™ followed Dr. Wadati, but T. Matuzawa™ introduced two-layer
model, while Messrs. K. Sagisaka and IHonda denied the existence of
discontinuity surface near the earth’s surface, and Dr. Wadati*® adopted
the hypothesis. All these hypotheses are now to be examined.

Mr. Hayata who studied this earthquake assuming the single-layer
model worked out that the depth of hypocentre of this earthquake, and
the thickness of the crustal layer to be 23 km. and 42 km. respectively,
and velocity of P-wave above and below the boundary of the layer to
be 56 and 7-5km./sec. while the radius of the critical circle was 165 km.
Adopting these values we obtain the nodal lines as shown in Fig. 20 if
we assume the distribution of initial motion of P-wave to be I’:(cos6)
whose polar axis is inclined eastwards by about 20°. This figure affords
perfect elucidation of the observed result.

Now then, the two-layer model of Prof. Matuzawa will be examined.
As Mr. Hayata observed P-wave of this earthquake we must take hypo-
centre within the first layer. According to Prof. Matuzawa the thick-
ness of the first layer is 20 km. and velocity in which is 5'0km./sec.,
while those for the second layer are 830 km. and 6°1km./sec. and the
velocity in the subcrust is 75 km./sec. Then the radius of the critical
circle (that is the distance where P- and P¥.waves arrive at the same
time) is at most 127 km. even when the hypocentre lies on the earth’s
surface, which is decidedly smaller than the observed value, but to ex-
plain the “pushes” in the vicinity of T'6kyd and Yokohama we must
assume finite hypocentral depth. Therefore we cannot explain the ob-
served radius of the critical circle by that of P- and P¥-waves. On the
other hand if we are to explain it by that of P*- and PP-waves, the
minimum radius of critical circle is 210 km. so far as the hypocentre
is within the first layer. Of course our endevours of determining the
crustal structure become absurd if the dimension of hypocentre is con-
siderably large, because we can then determine it by neither of the
consideration of the mechanism of earthquake occurrence nor observation

18) 8. I. KuxiroMi, loc. cit., and Geophys, Mayg., 2 (1929), 65~89.

19) K. A. Saacrsaka and H. Saro, Journ. Met. Soc., Japan, [ii], 4 (1926), 301~3807.
20) K. Havara, loc. cit., and Journ. Met. Soc. Japan, [ii], 7 (1929), 302~310.

21) T. Hirano, Kensin Ziho, 3 (1931), 243~290.

22) T. Marvzawa, Bull. Earthq. Res. Inst., 5 (1928), 1~28; 6 (1929), 171~229.
23) K. Waparr and S. Og1, Geophys. Mag., T (19383), 118~153.
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of travel times. So it is of some importance to examine the “ pull-push ”
distribution to verify thesc circumstances.

How then is the model with no discontinuity surface due to Messrs.
Sagisaka and Honda which was worked out from the assumption of
uniqueness of seismic ray of P-wave from hypocentre to a station ? For
this model Dr. Wadati® and others have culculated time distance curves
and cosines of emergency angles for earthquakes of various hypocentral
depths. So we can calculate the shape of nodal lines just in the same
way as in preceding chapters. In cases of hypocentral depths less than
20 km. or larger than 60 km., nodal lines near the epicentre and western
boundary curve at about 160 km. can never be explained by single
system of surface. And only the case of hypocentral depth of 40 km.
remains. In this case the backward continuations of seismic rays which
generate the boundary surface through Niigata Takada, Takayama and
Nagoya sufficiently include the “ pushes” near Toky6é and exclude the
“pulls” around them. This new boundary curve represent minimum
distance of appearance of nodal line, while the backward continuation
of seismic ray reaching Hamamatu, Matumoto, Nagano, Hakodate and
Muroran give the upper limits. Narrow strip between these limits are
nearly circular in the eastern and southern sides of the epicentre while
it suddenly contracts at south-western end. So we can never ohtain a
nodal line. satisfying these conditions as an intersection of the earth’s
surface with a circular cone surface modifyed by crustal structures.
Changing the hypocentral depth to 30 or 35km. we could not find no
possibilty of elucidating the “ pull-push” distribution by this model.
We must therefore conclude the existence of discontinuous variation of
emergency angle with epicentral distance within A=200km., so far as
the “pull-push ” distribution of this earthquake is concerned.

From the above example the model of Mr. Hayata is in good accord
with the observed results, but we cannot conclude from' this alone, be-
cause it is not sufficient to elucidate the *“ pull-push” distribution of the
great Kwantd earthquake™ of Sep. 1, 1923, which was probably origi-

24) K. Wapari, K. Sacisagka and K. Masvpa, Geophys. Mag., T (1933), 87~99.
25) For the explanation of “pull-push” distribution of this earthquake a number
of mechanisms were proposed.
S. T. NARAMURA, Rep. Farthq. Inv. Comm., 100 (192 ).
T. SHIDA, in M. Matuvama’s Banlkin no Disingaku (1925), 235~236.
S. 1. Xunrromt, Geophys. Mag., 3 (1930), 149~164.
M. Isamoro, Bull. Farthg. Res. Inst, 10 (1932); 11 (1933).

From the method of explanation of Mr. Kunitomi the boundary of “pull” and “push”
cannot be explained.
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nated by the same mechanism with the above example. Though the
Kwanto earthquake may be explained with Mr. Hayata’s model by
assuming larger vertical angle of the nodal cone than those of the
earthquakes hitherto considered (55°), but we must examine a number
of carthquakes before concluding.

The writer told the above view in 1932 to Prof. Ishimoto, who
agreed with this and applied it to a number of earthquakes,™ and Mr.
T. Minakami™ studied statistically with the data taken from Kisyd
Yoéran. And their results (though they are qualitative) are in favour
of the above opinion. But we must examine seismograms of individual
earthquakes systematically to solve the problem.

2. Provisional Calculation of Shapes of Nodal Lines for Various
Cuses as « possible Application of the Fact suggested by the above Evample.

The above problems are so important that the effect of the crustal
structures suggested by the above example on the * pull-push” distribu-
tion will be examined beforehand for the convenience of verification
by the actual examples.

There are a number of cases of “ pull-push” distribution in the
mechanism of model A besides the case denoted in Fig. 20, and in the
mochanism of model B we also have interesting figures. Tor simplicities
sake a'single-layer model is considered. On writing d, v, v., and L for
the thickness, the velocities within and below the surface layer, and
hypocentral depth respectively, we have for the radius of ‘the critical

[

circle
Ay=(2d—h){tan iy +seci}, siniy=1fv,

in which 4; is the critical angle of incidence of first appearance of P-
wave. And the seismic ray emitted downwards within the cone with
vertical angle ¢; determines the “pull” or “push” in the outer region
of the critical c¢ircle. The intersection of this cone with the boundary
of the layer is a circle of radius Ay =(d—h)tand;, and as Mr. Hayata™
has remarked, in the azimuths of the intersections of this circle and

26) M. Isamvoro, Bull. Earthq. Res. Inst., 11 (1933).

M. Isaiaoto, “On the distribution of initial motions of eathquakes whose hypo-
central depths are less than 50km.” (Lectured at the colloquium of the Seismological
Institute on Oect. 18, 1933).

27) T. Mivagami, Delivered the results of his study at the meeting of the Earth-
quake Research Institute on Feb. 20, 1934. (Unpublished).
28) K. HAvATA, Journ. Met, Soc. Japan, {ii], 7 (1929), 302~310.
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nodal surface appear nodal lines in the outer regions of the critical
circle. '

First let us consider the mechanism of model 4. On denoting the
inclination of the polar axis from the zenith by 4., and vertical angle
of nodal cone by @, and taking z-axis vertically and z-axis in the
azimuth of polar axis, nodal cone is expressed by

(xcosio+2sin )’ +y*=tan’ a (2 cos 40—z sin 4o)%
From these equations we can calculate nodal lines on the earth’s
surfacs.

Now let us consider the mechanism of model B in which two
nodal planes at right angles appear. The line of intersection of the
nodal plaines which run through the hypocentre H is denoted by PHP,
and normals to these nodal planes through H are denoted by HQ and
HR, and intersections of HP, HQ and HR with the earth’s surface
are called P, Q and R respectively, and the angles subtended by these
lines with the seismic vertical HI are represented by «, 8 and ¥. And
putting /PEQ=¢, /PER=Y, /PQR=6 and /RPE=¢ (where E
is epicentre), we have the following relations between these angles,

cosp = —coteacot B, cosr= —cotocotry,

. 0 i i . cosoeesiney si

sing =S socs%nB sin g , Gind — 31'nry invyr ,
sin Y sinfS

from which we can draw nodal lines. On the other hand we also
obtain nodal lines by the relations ,
LP=HEtane, EQ=HLEtang, EQ=HUZEtanvy

together with the angles ¢ and 4

On assuming d=40km. and oJv.=5'5/7'5, some examples of
interest are worked out in Fig. 21 by means of the above relations
and someé times graphically. The explanation in detail of these diagrams
are omitted, and here is given only a notion of Prof. Ishimoto that the
portion included within the nodal cone in model A records first a
compression as indicated in Fig. 21, while the “pulls” and “ pushes”
due to the mechanism of model B may be interchanged in each other.

5. Summary of Chapter VI

In this chapter the writer intended to reveal that the examination
of “pull-push” distribution of earthquakes of shallow origin offers a
powerful means of determination of crustal structure, but final result
is not atained. As an example the earthquake of June 27, 1928
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Tig. 21. “Pull-push” distributions on the surface of a single-layer model.

(¢) Model A. The axis of nodal cone is vertical. The vertical angle a is
larger than the critical angle of incidence 4.

() Model 4. The axis of nodal cone is vertleal. a<i.

(¢) Model A. The axis of nodal cone is inelined.
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(&) Model A. The axis of nodal cone is horizontal.

(¢) Model B Two nodal plane is vertical.

(f) Model B. One of the nodal planes is inclined.

(9) Model B. One of the nodal planes is vertical, while the other inclines much.

(n) Model B. Both nodal planes are inclined, the intersection is horizontal.

(1) Model B. Both nodal planes as well as their intersection arc inclined,
originated in the middle part of Sagami province was discussed, from
which it was revealed the necessity of assuming the discontinuity in
the variation of emergency angle with epicentral distance within A less
than 200 km., and that the single.layer model of Mr. Hayata is capable
of elucidating the above example, but necessity of precaution before
concluding was noticed by the Great Kwant6 earthquake. As a possible
application of the result inferred from the above example some cases
of “pull-push ” distributions of various cases are calculated provisionally.

Chapter VII. On the Structure of the Earth’s Crust near the
Surface as viewed from the Magnitude of Initial
Motions of Earthquake of Shallow Origin.

1. The North Idw Earthquake of Nov. 25, 1950, and the It6
Earthqualke of Mar. 23, 1930.

At the meeting of the Meteorological Society of Japan in June, 1931,
Mr. H. Honda™ delivered a very interesting study of the above carth-
quakes. He stated that the magnitudes of initial motions of these
earthquakes were proportional to
1 ..
A sin 2(p + &),
(where A and ¢ denote epicentral distance and azimuth respectively),
in agreement with the theoretical result of late Dr. H. Nakano’s in-
vestigation®™ of elastic waves in semi-infinite solid generated by tractions
on the free surface. e also said that the distribution of amplitudes
of S-wave as well as the types of seismograms were also in favour of
the above explanation. Irom this he proceded to suspect the existence
of discontinuity surface near the earth’s surface.  But this problem is
S0 important that full examination is necessary before concluding. The
smallness of the velocity near the earth’s surface in comparison with
the deeper portions than 50 or 60 km. is a well established fact and

20) H. Hoxpa, Geophys. Mag., 4 (1931), 185~213.
30) H. NagaAwo, Geophys. Mag., 2 (1930), 189~348.
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the velocity distribution by Mr. Honda™ confirms also this statement.
The theoretical result of Dr. Nakano may therefore be applicable only in
the region sufficiently near the epicentre but at an infinite distance
compared with the wave length. And it is more natural to suspect the
applicabjlity of the theoretical result of Dr. Nakano in the region where
the waves travelled a roundabout way arrive.

Thus the writer considered how far the observed fact might be
explained by taking the heterogeneous crustal structure into considera-
tion. The variation of amplitude with the azimuth found by Mr. Honda
is accepted. But is it impossible to elucidate the variation with
epicentral distance by the variation of energy dencity in consequence of
the heterogeneity in the crustal structure in combination with the effect
of reflexion and refraction ? The effects of reflexion and refraction®™ at
a discontinuity surface on the amplitude of seismic waves were not
known at that time, the writer therefore considered only the crustal
structure with no discontinuity surface deduced by Mr. Honda from the
above earthquakes. The method of calculation was the same as stated
in Chapter III, the effects of refloxion and refraction at the discontinuity
surfaces were neglected.

Following Mr. Honda the hypocentral depths of these earthquakes
were agsumed to be nill. Then the angles ¢, and ¢ in the equation
(39) become equal, and the equation reduces to

Qiool/ —d(cose,) —I/ 1 d(logsine,) ~ 1 "d(logsine,)
sin ¢od(cos @) —

sin @ do Yo de

for small value of epicentral distance 6. By virtue of the relation
RO=A, where R is the radius of the earth, we have

/_d(logsine,)
aa , ‘
Trom the table of cose, with A of Mr. Houda, the difference of logysin e,

corresponding 10 km. interval of A was obtained, and the values por
d(log sin eo)

km. thus deduced was used for at the middle point of the

interval. If we put

l/d(logmsineo) —VA U
dA - ’

31) H. Hoxpa, Geophys. Mag., 4 (1931), 29~389.
32) H. Kawasumr and T. Svzuki, Disin, 4 (1932).
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U is proportional to the amplitude of incident wave at the surface.
Multiplying this by the factor % representing the ratio of amplitude

of the surface horizontal motion to that of incident wave in consequent
of surface reflexion, we obtain

d(logsesin eo) <7_( VA
l/ dA i) =V

We shall here examine the limit of applicability of the above
energy density formula. In the homogeneous isotropic medium they
are only applicable from the
hypocentral distance onward,
where 1/(lr)* is negligible in
comparison with 1/hr in which
h means 27[(wave length). If
we assume the wave length to
be 10 km., hr will be 1/27 for
r=10km. And we can apply
the formula more or less ap-
proximately from the distance .
of Numadu (A=10km.) in the
North Idu earthquake.

The result of calculation
is tabulated in Table XIX,
and plotted in Fig. 22 (curve

I). The relation ( 1 > due to 7k : N od7

Mr. Honda is also entered in
the same figure for comparison ; —
(straight line IT). The agree- > log, & (Ain kn)

ment of the above results are Fig. 2. The variation of amplitude of
somewhat remarkable, and the horizontal motion of P-wave with
writer reported this at the epicentral distance.

meeting of the Earthquake (Hypoeenéral depth ie nill)
Research Institute in July 1981. In the discussion at the meeting Prof.
Sezawa suspected the result of Dr. Nakano, and in February meeting
of the Institute he discussed the variation of amplitude of P- and S-
waves with distance in a visco-elastic medium,” and showed that “ the
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33) K. Sezawa and K. Kawal, Bull. Farthq. Res. Inst., 10 (1932), 209~334,
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Table XIX. Calculation of the rate of veriation of
amplitude of P-wave for the North Idu
“and Itd earthquakes.

A cose lo}gos_i'_ne A V/Ll.(lﬂg(_;x_gmfﬂ_ % logi v/ A logA | logv/Awcoste
TR K %108, knu,
1000 | —

10| 820 | 9754401 15 2820 198 3646 1176 3454
20| 781|983401| 25 1653 156 3411 1808 5107
30| 687 | 986133 35 7283 148 3979 1544 3952
40| 656 | 987781 45 1246 142 39248 1653 3863
50 | 6231989333 55 1234 137 5928 1740 3792
60| 586 900856| 65 1164 130 5180 1813 3692
7 549 | 922212 75 986 123 3083 1875 3538
80| 519 993185|| 85 826 118 3914 1929 3404
90 | 496 | 993868| 95 706 113 3902 1978 3975
100 | 478 | 994367 | 105 539 111 3777 2021 3127
110 | 467 | 994657 115 481 109 3720 2061 3051
120 | 458 | 994888 130 315 108 5532 2114 1846
140 | 450 | 995086 | 150 292 107 3495 2176 1795
160 | 443 | 995256 | 170 201 106 3366 2231 1656
180 | 489 | 925352| 190 216 105 3356 227 1938
200 | 435 | 9954451 210 214 104 3347 2322 1621
220 | 481 | 995538 240 169 103 3241 2880 . 4505
260 | 426 | 995652| 280 149 101 3178 2447 1433
300 | 4922 | 995741 320 149 100 3178 2505 1420
340 | 418 | 935830 860 148 99 5166 2556 1404
380 | 414 | 0095918 400 146 99 3160 2602 1390
420 | 410 | 996003 | 440 126 98 3002 2644 1315
460 | 407 | 906067 | 480 126 99 3087 2:681 1304
500 | 404 | 996131 | 550 66 96 4802 | 2740 1013
600 | 402 | 996174) 700 44 96 1626 2:845 5825
800 | 400 | 966212

amplitude of S-wave at a certain distance is more damped than that
of P-wave at the same distance provided the periods of vibrations of
both kinds of waves are the same.” and Prof. Sezawa stated that ‘the
abnormal smallness of P-wave (as the relation due to. Mr. Honda that
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the amplitude of P-wave diminishes with inverse square of distance
while that of S-wave varies inversely with epicentral distance) cannot
be ascertained directly from the nature of propagation of waves, but
they may be cleared when the mechanism, that the period of P-wave
is small compared with that of S-wave, will be completely determined.”
Of course it would be necessary to consider the above effect if the
damping due to the viscocity within the crust were very large, but the
effect does not seem to be so large from the previous results, so we
shall left this, for the moment, untouched.

But we have still to examine the assumption involved in the
preceding consideration, that is, the assumption that the enengy is
emitted uniformly in all directions from the hypocentre.  So even if
we combine this with the variation of amplitude with azimuth
{sin2(p+¢)}, yet it is independent with the colatitude 6, that is the angle
subtended by the seismic vertical and a seismic ray.  But it is wvery
doubtful that there exist such mechanism that give rise such wave
which is proportional to sin2(p+¢) but is independent of 6. The
writer has already shown that in preceding chapters that the waves
due to earthquakes seem to satisfy the equation of wave motion in
elastic medium. The investigations in the same line of Mr. Honda®
and Mr. M. Takehana® ascertain the proposition. Therefore if this is
allowed to be true, the waves dependent on g can never satisfy the
equation of motion independently with 6. If we explain the earth-
quakes by the mechanism of model A following the suggestion of Prof.
Ishimoto, or if we adopt the mechanism of model B, the waves in any
_ case are dependent on 6. But the first mechanism is not immeadiately
applied to the case here concerned (hypocentre is on the surface of
Mr. Honda’s model of crustal structure), and the discussion of the
mechanism of model A is omitted here, and only the mechanism of
model B will be discussed. Though there are at least two cases in the
mechanism of model B (Prof. Matuzawa’s type and Prof. Hasegawa’s
type), the P-wave is identical in both cases, and the radial component -
of motion is proportional to sin’@sin2(p + &) =cos’ersin2(p +¢) in the
above coordinate system (Cf. equation (30) of Chapter II). cos’e, is
therefore multiplied to the factor already obtained which expresses the
variation of surface amplitude with epicentral distance. The result is

34) . Hownpa, Geophys. Mag., 5 (1932), 301~326; 7 (1938), 275~267.
35) M. TAKEHANA, Kensin Z£IL6, 7 (1933), 71~81.
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tabulated in 9th colum of Table XIX, and plotted in Fig. 22 (curve
III). On seeing the diagram we can perceive that better approximation
is now obtained to the observed relation (straight line IT’).

But there remains a question whether the observed S-wave of these
earthquakes may be elucidated or not by the same assumptions of
mechanism and crustal structure. Mr. H. Honda said that the am-
plitudes of S.waves of these earthquakes were proportional to

1
TcosQ(go +¢),

but there are no bodily waves in the homogeneous isotropic medium
that show such a simple relation. And if the above relation is really
the case, then fails the writers explanation in which the actual structure
of the crust is taken into consideration. But on examining the actual
circumstance we find a fact which is in favour of the writer’s explana-
tion, that is the largeness of S-wave at points where 2(p+¢) is

nearly —
-9 ‘

Mr. Honda give in his paper the angle in case of the North Idu
earthquake at Tokyo is 2(p+¢) =92°, and that of Yokohama in case of
the West Saitama earthquake (which is also explained by the same
mechanism by Mr. Honda) is 2(¢p +¢) =88°, but we see in the seismograms
of the North Idu earthquake observed at Tokyo indicated in Prof.
Imamura’s Paper a large and clear S-phase and Mr. Honda gave as the
ratio of amplitudes of S- and P-waves due to an after-shock of the
earthquake Sy/P, =548, while in the seismograms due to an aftershock
of the West Saitama earthquake observed at Yokohama which is
reproduced in Mr. Honda’s paper we find a conspicuous S-phase. All
these earthquakes were explained by Mr. Honda by the mechanism. of
occurrence due to Dr. Nakano.  According to Dr. Nakano’s theoretical
result the ratio of amplitudes of horizontal motions due to S- and P-
waves is given by

%=%=0.45%00t2<¢+8)’

where [, is the wave length of P-wave. And the ratio Su| Py for Téky(‘)

(A=99 km., 2(p +¢)=92°) in case of North Idu earthquake becomes
Syl Py=0-15

from the above formula using the value of [,=10km. deduced by

Mr. Honda. The same value for Yokohama (A=76km., 2(p+ £)=88°)
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in case of the West Saitama earthquake comes out 1.2fi; (Li=wave
length in km.), and this may not be much different from the above
value. The difference of order of calculated magnitude of Sy/Py from
the observed one is very hard to be explained by the innaccuracy of
determination of 2(p +¢)orl.. Butfrom the writer’s explanation by bodily
waves duc to mechanism of model B we may expect tolerably large

displacement in S-phase even when 2(gp + ¢) :% in both of mechanisms

of Prof. Hasegawa’s and Prof. Matuzawa’s types (see (86) and (87)).

The writer has proposed in this article an alternative explanation
of the interesting relation found and explained by Mr. Honda. Tt is
sufficient to explain the amplitude of P-wave by improving unreasonable
assumption of homogeneity of earth’s crust which is involved in Mr.
Honda’s explanation. And if the present assumption is permissible we
may conclude the damping due to viscosity in the earth’s crust is not
so effective. On the other hand the writer could not find the same
relation in the S-phase from the writer’s assumption with that deduced
by Mr. Honda, but on examining the observed fact closely the writer
could find a fact which is unfavourable to Mr. Honda’s explanation but
easily explained by the writer’s alternative hypothesis.

But the writer does not claim the validity of his explanation from
the single example, because the later study (which has already been
stated in the preceding chapter) showed that the crustal structure here
assumed is not free from objection. So some other examples will be
examined.

2. The West Saitama Earth-
quake of S. 21, 1931.

After the proposal by Mr. -
Honda of the hypothsis of con- g
tinuous variation of amplitude 1
with epicentral distance, Mr. S.

I Kunitomi*® discusses in favour .
of the hypothesis in the study of - 5 ‘ '

- 3
. o — log A (& inkm)
the West Sallfa'lna earthquake’ Fig. 23. Variation of amplitude of P-wave
but as he did not examine due to the West Saitama earthquake.
quantitatively we shall examine (After 8. I. Kunitomi.)

it a little in the following. Mr. Kunitomi deduced the variation of
amplitude of P-wave (resultant of observed horizontal and vertical

36) 8. I. Kuntrour, Kensin Ziho, 5 (1932), 223~224,
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component) with epicentral distance graphically and of course there
may be some arbitrariness in his procedure, but we shall here confine
ourselves to the discussion of the values obtained by Mr. Kunitomi
which are compiled in (log A—logA) diagram (Fig. 23) which is the same
with that of Mr. Honda. We sce from the figure a distinct difference
from the relation deduced by Mr. Honda already citel. The relation

deduced by Mr. Kunitomi is rather near —i— Though Mr. Kunitomi’s

relation was obtained from the resultant of horizontal and vertical
motion, while Mr. Honda’s result was deduced from the horizontal
component only. But the difference cannot be the cause of the above

difference —i— from —Al-—, on the contrary the use of horizontal com-

ponent will decrease the rate of variation with epicentral distance.

3. The Tango Earthquake of Mar.
7, 1927.

Mr. Honda™ pointed out that the
above earthquake was also originated by
the same mechanism as those of North
Idu, It6 and West Saitama earthquakes. 3
As there is a valuable report of this
earthequake by Mr. 8. I. Kunitomi,”™ let
us borrow the necessary data from his
paper and examine the point in guestion.
A and 4 in Table XX is directly ex-
tracted from his paper and ¢4-29° (p=
azimuth) is the bearing of the station
from a nodal line which is measured on
a map showing the “pull-push” dis-
tribution in Mr. Kunitomi’s paper. ? 3
Therefore no high accuracy can be Lya @i,
claimed, but the general trend will not Figéfl‘f)'onzgzi%?o}}_‘gg‘%mézlfgt?;
be affected by it. Following Mr. Honda, the the Tango earthquake.
the variation of amplitude A (horizontal component) with azimuthal
angle was cancelled by deviding 4 by sin 2(p+29°) and the result
(44) is indicated in Table XX and Fig. 24. On seeing the diagram we
are bewildered at the heavy scattering of the points, but the mean value

g Ay (g m 0)

&

37) H. Hoxpa, Geophys. Mag., 5 (1532), 69~88.
38) S. I. Kuxiromi, Geophys. Mayg., 2, (1929), 65~89.
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Table XX. Variation of magnitude of initial motion
of the Tango ecarthquake.
. A A log A=
Station X P 429° R o ( A ) lozg A
in km. in p g sin 2(g +e)
Miyadu 20 169° 960 3409 1-301
Kyodto 97 171 180 2765 1-987
Hikone 117 143 283 2469 2-068
Hukui 116 98 140 2706 2064
Kanazawa 178 87 12 2-060 2250
Gihu 158 129 151 2189 2199
Nagoya 176 137 2040 3311 2.246
Tu 170 156 1020 2138 2280
Yagi 144 179 4 2059 2167
Hamamatu 141 260 2425 2:149
Toyama 209 101 18 1682 2320
Husiki 223 7 1180 4053 2:348
Nagano 306 98 43 2193 2486
Takada 332 89 71 3309 2521
Numadu 352 128 22 1-356 2547
Kumagaya 399 110 77 2078 2601
Tokyd 431 116 280 2551 2634
Kakioka 472 110 23 1554 2674
Tyosi 530 117 585 2:859 2724
Sendai 598 93 8 1.884 2777
Akita 640 3 7 1-098 2:806
Morioka 765 78 28 1838 2884
Kobe 108 202 6 1978 2033
Wakayama 160 205 31 1607 2204
Sumoto 145 214 168 2258 21161
Sionomisaki 255 193 11 1-:399 2407
Tokusima 179 223 27 1-432 2253
Koti 267 240 289 3457 2427
Sakai 163 298 74 1940 2212
Hamada 280 - 283 118 2430 2447
Hirosima 231 299 9 2411 2:864
ita 411 258 46 2054 2614
© Miyazaki 527 249 10 1174 2722
Kumamoto 505 262 14 1706 2703
Kagosima 612 253 43 1-885 2787
Nagasaki 570 266 30 2333 2756
Hukuoka 480 271 10 2.457 2681
Simonoseki 416 272 40 2758 2:619
Zinsen 800 316 46 1663 2.903
Okayama 149 253 131 2369 2178
Matuyama 285 255 3 2778 2455
Toyooka 24 268 51 2854 1:380
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by every 100km. interval (O in I'ig. 24) does not show such steep decrease
1

2

of amplitude as (broken line in Fig. 24) and nearly proportional to

1 (shown by a full line in the diagram). It may be added that the
A

sudden decrease of amplitude at about log;A=2-2 (or A=160km.) may
be interpreted, if real, by the sudden decrease of energy density near the
place where P,-wave makes its first appearance owing to discontinuity
surface in the crust. If the distance (A=190km.) is the radius of the
critical circle then the hypocentre of the earthquake will be deeper
than 20 km. in the single-layer model by Dr. Wadati and others. Any-
how, the above difference of the rate of decrease of amplitude with A
from that obtained by Mr. Honda is therefore to be exmained whether
it is due to finite focal depth or not.

TFortunately Dr. Wadati has calculated adopting the velocity distribu-
tion given by Mr. Honda, the time distance curves and cosines of emerg-
ency angle for various hypocentral depths. We can therefore calculate the
amplitude in the same way as for
the North Idu and Itd6 earthquakes.
The variation of amplitude of hori-
zontal motion with epicentral dis-
tance due to variation of energy
density and surface reflexion, thus
calculated (Table XXI), is denoted
in Fig. 25, curve I, while the cor-

rected value for the variation with

6(:—‘7;-—%) due to the mechanism

]

N T>logu % logucese,

——— leg t=togp T
B e w log u cos?e,

of model B by multiplying cos’; is T g
denoted by the curve II in Fig. 25. N

These two curves donote the varia-

! 1
0 7 2 J

tion nearly proportional to Ai from — g &

the distance A=40kin. ogua=16) V27 Virktion o smptiade o
onward.  Comparing these curves epicentral distance.

with the observed values in Fig. 24, (Hypooentral depth=20 km.)

we cannot find no close“correlation. The variation of hypocentral depth
will have little effect on this conclusion, so far as the earthquakes of

shallow origin is concerned.

4. Concluding remark of Chapter VII.

«



Part 4.3

Study on the Propagation of Seismic Waves. 701
Table XXI. Variation of amplitude of horizontal component of
P-wave on the earth’s surface for the earthquake with
- hypocentral depth 20 km. (Calculated.)
A s
m cos e, cosen A S(ci(ss;r)l :’1’3’ o logu 10% 0‘; Z zosz ” logA
0 0000 00000 5 6325 2781 2189 0699
10 0281 05585 15 5888 2:852 2554 1176
20 | 0425 | 08407 25 5630 2825 2741 1396
30 0476 09460 35 5406 2748 2739 1544
40 0497 09878 45 5002 2:541 2625 1653
50 | 0488 | 09699 55 4624 2:346 2314 1740
60 0481 09560 65 4406 2:233 2187 1813
70 0474 09421 75 4267 2158 2100 1875
80 0467 09282 85 4128 2082 2012 1929
90 0461 09192 95 3-890 1957 1-876 1-978
100 0455 09043 110 3638 1827 1733 2041
120 0448 08904 130 3.449 1726 1619 . 2114
140 | 0442 | 08785 || 150 3285 1641 1524 2176
160 | 0438 | 08705 || 170 3155 1573 1449 2.230
180 0434 08620 190 3029 1504 1372 2279
200 | 0431 | 08566 | 210 | 2992 1443 1°306 2322
220 0428 08506 230 2828 1-398 1255 2362
240 0426 0.8467 250 2758 1-361 1214 2398
260 0424 08427 270 2696 1-:330 1178 2431
280 | 0421 | 08367 | 290 2655 1307 1150 2462
300 | 0419 | 08328 || 510 2916 1286 1125 2491
320 0417 0-8288 330 2584 1267 1102 2519
340 0415 0-8248 350 2552 1:248 1-080 2:544
360 0414 082328 370 2521 1231 1060 2568
380 0412 0-8188 390 2464 1200 1024 2591
400 0410 08149 410 2397 1164 0984 2613
420 0408 08109 430 2:304 1115 0931 2:633
440 | 0407 | 08089 | 450 2169 1045 0858 2653
460 0405 08049 470 2187 1-028 0838 2672
480 | 0404 | 08029 || 490 2053 0976 0784 2690 ,
500 0403 08010 520 1760 0838 0644 2716
540 0402 07690 600 1:204 0559 0363 2778
660 0401 07970




702 H. Kawasumr. [Vol. XII,

From the above three examples we have seen that the amplitudes
of seismic waves are closely connected with the structure of earth’s
crust, and conversely we can discuss the crustal structure effectively
from the observation of the magnitudes of first motions of seismic
waves. It is therefore an interesting and important matter to ascertain
these problems from the examination of these points.

The amplitude of seismic waves due to the North Idu and Tto
carthquakes seemed to have been well explained by the mechanism of
model B on the assumption of crustal structure due to Mr. Honda.
But on examining the West Saitama and Tango earthquakes for the
verification we cannot find the same relation expressing the variation
of amplitude with epicentral distance as that which was deduced from the
North Idu and Ito earthquakes by Mr. Honds. Though the relation
here obtained may be doutfull owing to the methodological and observa-
tional inaccuracies, we have still better to call attension for the necessity
of confirmation of this important problem, because we have already
seen some ambiguity in the hypothesis of crustal structure assumed in
this chapter. The writer’s true object is to point out these necessities
and a method of solution for the future occasions.

Chapter VIII. Coucluding Remarks.

For the quantitative elucidation of scismic waves the writer discusses
in this paper two main factors determing the first motions of seismic
waves, namely the mechanism of occurence of earthquake and the
structure of the earth’s crust. Though there are a number of investiga-
tions cither in the theoretical side of the waves in and on elastic body,
or in practial side, of the mechanism of earthquake occurrence by the
observation of ‘ pull-push ”’ distribution of P-wave, these investigations
have stood side by side independently, and only one investigation has
been carried out quantitatively combining these two sides, but neglec-
tion of the important effect due to the crustal structure has been a very
serious matter. Though the strict and rigorous theory on waves in
heterogeneous medium applicable to the actual case is still absent, the
writer introduced a simple method to calculate the effect of crustal struc-
ture on the amplitude of seismic bodily waves. They are practically the
same as the energy density method due to K. Zoppritz and E. Wiechert.

In combining the method with the solutions which have been
deduced generally in a simple and formal way, the writer examined a.
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few cases of interest quantitatively. From the present study of the P-
and S-waves of these examples we could see the existence of both
mechanisms of model 4 and model B, in answer to the questions
proposed by Prof. Ishimoto that “by which of the mechanisms of
model A and model B the earthquakes are originated.” On obtaining
the expression of P-and S-waves the writer could infer the magnitudes
and directions of earthquake generating forces and energy carried away
by seismic waves from the hypocentre.

Necessity of higher accuracy in the seismometrical observations
is keenly felt for such a purpose. As to the mechanism of earthquake
occurrence there.is a question whether it is confined to the above
mechanisms or not. Moreover we have also to examine the magnitude
of vertical angle of the nodal cone in the mechanism of model 4, because
it was proved to be arbitrary from the theoretical point of view. The
same is true for the angle subtended by twe nodal planes in the
mechanism of model B, as will be easily understood by superposing the
waves due to two pairs of doublet without moment with different signs
and magnitudes which are acting at right angles to each other. We
have also scen the necessity of examining to existence of the S-waves
of sccond kind which may exist independently from the mechanisms
that give rise P-waves.

Thus there still remains some problems in the mechanisms of
earthquake occurrence to be cleared with the improved observations.
But from the applications of the knowledge which has been obtained
above, the writer has shown the possibility to determine interesting
informations concerning the hypocentre, as its position and dimension
and the phenomena occurring there as well as the structure of the earth’s
crust. The possibility of these problems and methods to reach the
objects were pointed out in near earthquakes. The solution of internal
structure of the earth is promissed to the observations of distant carth-
quakes.

In conclusion the writer wish to express his sincere thanks and
appreciation to Prof. M. Ishimoto for his interest and encouragement
throughout the course of this study.  His cordial thanks are also due
to Professor T. Okada for the kindness to accomodate the writer with
valuable data. He is also very much obliged to all the persons from
whose papers he could obtain valuable data used in this paper.
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