Note on the Direction and Magnitude of the Vibrations
in the Different Phases of the Earthquake Motion.*

By

A. Imamura, Sc. D.,

Extraordinary Member of the Imperial Barthquake Investigation Committee.

1. The present note contains the result of study on the
observations at Tokyo concerning the magnitude and direction of
seismic movements originating from distant centres. The direc-
tion of movements is examined with reference to the path of the
wave transit, which is assumed to coincide with the great circle
passing through the observing station and epicentre; the calcula-
tion being made according to the formula

4 / sin LR “cos FF¥ =8
cos -5 :/ 2 2
sin ¢ cos ¢

where 4 represents the angle between the great. circle and the
meridian of the observing station, ¢ the angular epicentral dis-
tance at the latter, and ¢ and ¢’ the latitudes of the station and
the epicentre respectively.t The direction of the seismic motion
has been obtained by composing the two horizontal movements of
a few well-defined vibrations at the beginning of the different
phases in the seismograms, which were given by Omori H. P.
Seismographs registering EW and NS motions.

* Abstract of a paper read before the meeting of the Imp. Barthq. Inv. Comm. on Dec. 5,
1906, with addition of the discussion of earthquakes Nos. 4 and 9.

+ The formiula for the calculation of & is cos & = sin ¢ sin ¢’ +cos ¢ cos ¢ cos (A—X), where
) and X represent the longitudes of the observing station and the epicentre respectively.
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2. The earthquakes taken into consideration are as fol-

lows:—
TABLE 1.
Group. | No. Date. Epicentre : by % . ) A
1 Sept. 29, 1899 | Ceram. 129°E 6°S | 42° 54’6 | S 15°8 W
9 | July 29, 1900 | New Hebrides.  170°E  17°S | 59° 586 | S 33°8 B
I
3 | June 1, 1906 | N. Australia. 139°E 13°S | 48° 42’4 | 8 1°1 W
4 | Nov. 19, 1906 | W. Australia. 104°50'E 21°27'S | 66° 1.8 | S 35°.7 W
5 | Aug. 22, 1902 | Turkestan. 75°E  39°.5N | 50° 20.1 { N 65°.1 W
Ir
6 | April 4, 1905 | India. 77°E  81°.8N | 51° 26'.4 | N75°.1 W
7 | Oct. 9, 1900 | Alasca. 140°W 60°N | 54° 57'.2 | N 87°.0 E
111 8 | April 18, 1906 | San Francisco. 123°W 38°.3N | 78° 29'.3 | N 54°.2 E
9 | Jan. 31, 1906 | Columbia. 79°W 5°N |125° 26,7 { N 50.°0 E

Of thése, the first four originated in Javan district, the next
two in the Himalayan district, and the last three in the Pacific
side of America. Thus the earthquakes in Groups I, Il and III
were propagated to Tokyo nearly from south, west, and north-east,
respectively. |

3. The positions of the epicentres given in the table were
obtained as centres of the most disturbed areas, except for the
suboceanic earthquakes Nos. 2-4, whose origins were determined
by means of the following observations concerning the time of
commencement.*

No. 2:—7" 8.7" at Tokyo, 7* 9.7" at Batavia, 7* 11.7" at
Calcutta, 7" 12.0™ at Victoria, 7* 15.2" at Mauritius, 7" 17.8™ at
Cape of Good Hope.

No. 3:—4" 38.2" at Tokyo (dur. of p. t.=8™ 25°), 4" 38.2™ at

* Time is given in Greenwich mean time.
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Osaka (dur. of p. t.=8" 25, 4 35.8" at Perth, 4" 37.1" at
Batavia, 4" 41.9™ at Bombay, 4" 39.8™ at Calcutta.

No. 4:—T" 28.9" at Tokyo (dur. of p. t.=16" 13"), 7" 20.5" at
Perth.

The most important datum for the determination of the
epicentre in No. 4 is the observation of the sea-quake
on board the steamer Omrah at a point long. 104°50'E, lat.
21°27°8.

4. That the different phases of seismic movements have
different directions may probably be best understood from the dia-
gram of the earthquafze No. 3. (see P1. XXX.) In the seismogram,
not only the commencement of the 1st prel. tremor (I), but also
that of the 2nd one (IT) and its successive waves (a-d) are larger
in the NS than in the EW component, while this relation is
quite contrary in the 1st princ. portion (III-D). It will also be
seen that the 3rd phase of the prine. portion (V-7) is enlarged
in the NS component only. I have hardly any reason to
assume such peculiarities as errors due to the instruments which
are most reliable ones in our Institute, the pendulums of EW
and NS components having 61.5 and 48.5 sec. as the periods of
fr’ee vibration, and 15 and 20 times as the magnifications of their
writing indices respectively. The same instruments registered
both components in Nos. 4, 6 and 9, and NS component in No. 8.
The other component in the last named earthquake is taken from
the illustration given by Prof. Omori in the Publ. of the Tmp.
Earthq. Inv. Comm., No. 21, Appendix II. With respect to the
diagrams of the four other earthquakes, the EW component in
Nos. 1 and 5 was recorded by the instrument A, that in Nos. 2
and 7 by D and C respectively, while the NS component in Nos.
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TABLE
1st preliminary tremor. 2nd preliminary tremor.
Earth- ‘
quake | o be Resultant Resultant
No. BORE L @l b aver. ? II-a a-b b c-d d-e aver. esuttan
. dir. amp. mm. dir. amp.
E-W ‘10 20 .
W-E Began gradually. 15 ‘10 14
1 _ — S27°-4W 30
g—-lg Bagan abruptly. E 24 R 17 49 27
%‘;}_‘g Began gradually. 65 154 107 48 95
2 - — S41°-8E 142
N-S | Began very 1-20 ‘80 106
S-N abruptly. ‘75 1-50
%yg Began gradually. 07 07 07 07 07
] — - Due S 67
g}g Began abruptly. 24 75 105 65 67
%V}g Began gradually. 17 33 33 oo 26
4 - $33°7W 47
g__.g Began gradually. 20 40 56 40 ‘39
‘ }Vﬂ\;g Began gradually. 40 55 48
5 - — N42°0W 72
N-§ 65 )
SN Began gradually. 40 53
E-W | '39 37 . 78 473 512 .-
W-E 54 48 2:40 578 376
6 N64°W .48 N53°-6W 468
N-8 25 2'30 378 .
SN |16 23 21 53 890 340 278
%ﬁ_\g Began gradually. 78 78 95 s 65
7. — = N36°-8E 108
g_'; Beginning large.
%;X‘; Began gradually. 131 3-33 883 2+39 257
8 : —_— N46°-2E 357
lS\I_-I'\? Began gradually. 170 305 29i 9:90 2:48 ‘
E-W | Began very 67 4:¢6 9:64
W-E gradually. 2:60 o
9 - — — N59°-9E 305
N-S | Began very 65 216 153
S-N gradually. 175
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II.
1st principal portion. 3rd principal portion.
IIL-A A-B B-C C-D D-E aver. Resultant Ve af fy 13 aver Resultant
nm. dir. amp. mm. dir, amp.
22 . 50 )
54 27 w1
NTOO4W 42
*68 79 Noird
85 73 7
178 29 » 18 65 )
33 2'6 1 36 48
N770°E 27 $2505E 112
45 50 ) .
84 60
130 1-33 . 73 .
53 273 1:60 28 130 "
N99O2W  1-62 N11°2E 40
20 39 . 49 .
08 35 26 31 37 89
37 . 23 10
29 37 32 ‘13 15 15
N64O8W 35 S150-0W 58
11 20 51 73 n
13 15 s 62 56
60 115 , 82 805
50 90 93 83 10°2 g5 874
N19°3E 244 N58°-5W 10:2
217 258 , 64 46 L.,
163 253 260 230 | 575 47 536
195 73 )
1:00 178 319
NI7°7E 393
261 375 )
315 545 374
170 165 )
N63o1W 238
98 Y
62 122 94
40 33 33
‘33 ‘36 3 :
N27o5W 78
33 58 o
“70 20 155
173 )
113 143
N35°1W 248
935 )
170 203
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1 and 7 was given by B, and in Nos. 2 and 5 by one whose
magnification was 10 times, and whose period of free vibration

was 30 sec.*

5. Table II shows the range of motion (double amplitudes)
of the different phases together with the resultant directions and
magnitudes. The numbers. in the row E-W show the ranges of
motion from east to west, and those in W-E the magnitudes in the

opposite direction.

6. Table III gives the relation between the directions of the
2nd preliminary tremor (II), the 1st (IIT) and Srd principal por-
tions (V) and that of propagation. The deviation of directions
with positive or negative sign means the angle through which
the direction of movement deviated from that of the path in the
counterclockwise or clockwise sense. As it will be seen from
the average values, the directions of the 2nd preliminary tremor
and the 3rd principal portion are almost coincident with the
path, while that of the 1st principal portion is nearly normal to
the latter.

* For the details of the instruments, the reader is referred to Prof. Omori: Publ. of the
Imp. Earthq. Inv. Comm. in Foreign Languages, No. 21.
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7. The result contained in the foregoing § § may be sum-
marized as follows:—

(a) The direction of the 1st prel. tremor, when it is distinct,
tends to coincide with that of the path. |

(b)) The 2nd prel. tremor, whose direction coincides with
the path, may possibly consist of longitudinal waves.

(¢) The 1st prine. portion, whose direction is normal to the
path, may possibly consist of transverse waves.

(d) The paths of the two last mentioned phases are probably
common, as there are rocks of older geological formation giving as
much transit velocities for the seismic waves of longitudinal and
transverse types as the 2nd prel. tremor and the 1st princ. portion.

(¢) Of the magnitude of the different phases, the 3rd princ.
portion is the largest, but no definite relation could be found. for
the two other phases. In fact, the 2nd prel. tremor was larger
than the 1st princ. portion in the earthquakes nos. 4, 6, 8 and 9
which had more distant origing, while this relation was quite
contrary in the case of the nearer earthquakes.

- (f) Similarity of the seismic motion originating at neighbor-
~ ing centres® is probably due to the existence of definite directions
for the different phases and similarity of the path. With respect
to the latter statement, the earthquakes of Group I, which were
propagated along suboceanic paths, had the principal portion
slightly developed in magnitude and duration when compared
to the preliminary tremor, while those of Group II, mostly pro-
pagated along the free surface layer had well developed principal

portion. This property, however, requires further investigation.

Jan. 1907. Seismological Institute, Tokyo.

# See Prof. Omori: Publ. of the Imp. Earthq. Inv. Comm. No. 21.
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Earthquake of June 1st, 1906.
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