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12. Direction of Earthquake Motion.
The following table gives, for Hitotsubashi and Hongo, the 2a

and direction of the maximum horizontal motion in the 15 earth-
quakes, in which these two elements of motion were distinctly
measured ; the distance and direction of the seismic origins from

Tokyo being also given for the sake of reference.

Flace of CBSeI™0 | Gronp, No. | Max. 2a (anm) | Directon of | Distanco and igection of
Hitotsubashi | II 50 0.25 N-—-S 60 km N 54° E.
Hongo | ,, 28 2.4 N 15°W 60 521°W.
, , 65| 14 "NEN. | 69 N 15° E.
o |, 123| 054 SW 62 N 22°W.
Hitotsubashi | IIT 142 0.38 E 29 N I3*W.
Hongo |IV 154| 7.2 S 48° E. 29 S 15° E.
Hitotsubashi | V. 19| 1.7 ST°W | 125  NITE.
N ., 23| o064 SE 160 N 78° E.
N , 421 0.8 E—W 90 S 62° E.
Hongo -, 13| 150 - N8&E | 125 S 85° E.
3 w 23| 06 S 160 N 78° E.
. , 48| 20 W 20°N | 107 N 65° E.
. , 122 06 S 150 N 61° E.

- From the above table it seems that in the niajority of cases, in
~which the 2a is large, the direction of motion points more or less
approximately towards, or from, the origin of disturbance.

13. On the Ampliiude of Vibration and the Duration of

Earthquake Motion.
AMPLITUDE.

To find the relation, if any, fespecting the maximum range of

‘motion in the different earthquakes observed at a given station, let us

assume the equation,
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in which j is a constant, r the mean radius (in km) of the area of
disturbance, d the distance (in km) between the eafthquake origin
and a given observfing station, and 2a the maximum range of motion
(in mm) at the latter. This eiluation may be deduced as follows :
Let 2a, be the mean range of motion at the boundary of the area of
disturbance. If now the earth’s crust be supposed to be a homog _
eneous medium, the amplitude varies invefsely with the distance from
the earthquake origin ; we have therefore

2a ¥

2“0—_ a

or  fa=21,% —g—,» r’y

Thus j in equation (1) corresponds to 2a, in equation (1’), that
is to say, j denotes the motion at a given station which is just large

enough to be felt by people without instrumental aid.

DURATION

With respect to the duration of an earthquake at a given station,
I assume, as already done in the case of the Miyako earthquake
observations,* the relation

. -

a’
in which k is a constant, » and d have the same signification as in
equation (1), and D is the duration (in sec.) of an earthquake at a

given station. This equation is based on the supposition that D is

proportional to the magmnitude of an earthquake, or the area of
disturbance, and inversely proportional to the distance between the

origin and the station.

* Omori and Hiraty: Earthquake Measurement at Miyako, Jorn. Se Coll., Imp. Unié.,
Tokyo, Vol. XI. ’ : ,
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Tables XVIII to XX give the values of r and d, as well as the
elements of motion for the earthquakes of Groups IL to VII observed
at Hitotsubashi, Hongo and the Central Meteorological Observatory,
of which the duration (D) and the i’&nge of motion (2a) were
accurately measured. Similarly Table XXI, which is given for the
sake of comparison, indicates the values of 2a, D, d and r for the 45

» earthquakes observed by the late Professor Sekiya between Sept. 1885
and Aug. 1887 at Hitotsubashi.* ‘

Observing station. (]:71.11) ; (ktfn) ) (salal()z./) | (]_;Zlﬁ,) J=—2[;—d p=2 7'1)
61 41 66 0.38 0.26 0.73
, , 86 57 130 0.99 0.66 1.00
Hitotsubashi, | 4, 71 105 | 070 | 045 | 062
(Table XVIID) | 181 139 128 0.85 0.65 0.54
348 | 384 95 | 0.52 0.52 0.25
Mean ... ... ... ... .. ... 051 ... 063
62 23 78 0.43 0.16 [ 0.47
Hito'tsubashi' 100 56 97 0.78 | 0.44 ‘ 0.54
’ 124 108 105 0.62 0.54 0.74
(Table XXI) 298 212 | 154 0.95 0.88 | 0.63
Mean... ... ... ... ... ... 051 ... 060
, General Mean ... ... ... ... 051 ... 0.62
119 31 115 1.25 0.33 0.25
99 67 64 0.46 0.31 0.44
Hongo. 194 129 86 | 059 0.89 0.29
(Table XIX) 250 169 142 | 0.4 0.87 0.58
312 307 183 0.41 0.40 0.42
Mean... - ... ... ... ... ... 036 ... 0.36
. 87 32 | 67 0.40 | 0.15 0.28
Cent. Met. 87 63 90 0.64 0.46 0.75
- Observatory, 208 |- 138 110 0.52 0.34 0.35
(Tabl: XX) % 341 | 819 | 123 | 047 | 044 | 034
‘Mean... ... ... .. .. .. 035 .. 043

* The data in Table XXTare takea from Professor.Sekiya's paper before referred tv; the
earthquakes chosen beinz those for which d and » are definitely known.
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To determine the values of the constants j and %, which are to be
regarded as seismic coefficients for a given locality with reg‘ard‘ to the
amplitude and the duration, I have divided the earthquakes contained
in each of Tables X VIII to XXI arbitrarily to a convenient number
of groups and calculated in each case the mean values of the different
quantifies. These latter and the corresponding values of j and k for
Hitotsubashi, Hongo and the Central Meteorological Observatory are
given in the above table. | |

~ Considering ‘the nature of the question, the agreement of the
values of each of the constants for the different places of observation
must be regarded as being tolerably satisfactory. In these calculations
I have not taken the focal depth into consideration. The result is in
general slightly improved if we correct for this latter factor.

From the above it will be seen that the corresponding seismic
coefficients for Hongo and the Central Meteorological Observatory are
nearly identical to one ‘another while the values for Hitotsubashi
are larger than those for the two other places ; the mean values of

the constants being as follows.
Hitotsubashi :  §=0.51, k=0.62.
Hongo :  j=0.36, £=0.36.
Cent. Met. Observatory :  j=0.35, k=0.43.
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- TABLE XVIIL—EARTHQUAKES OBSERVED AT
HITOTSUBASHI. (Groups II—VIL)

Group. | No. |7 (km)| d(km)| D (s) | 2a(mm)| T, (s) V(ESEL)A( “sl;“ )
IV 21 92 | - 29 180 — — — —
111 115 25 23 o 0.1 — —_ —

v 142 82 29 70 | 0.38 | 0.87 1.4 9.9
. 49 34 32 25 1 0.25 | 0.6 -1.3 18.0
IV 161 381 385 25 | 0.13 | 0.51 0.8 9.9
’ 126 44 38 60| 025 | 0.82 1.0 7.1

TiX 155 §7 |+ 40 100 | 0.3 0.65 14 14,0
Iv | 187 32 41 120 | 0.63 | 0.79 2.5 20.0
1T 76 59 44 60| 0.385 | 0.75 1.6 14.0
Iv | 10 63 49 50| 021 | 0.54 | 1.2 14.2

’ 92 53 51 30 | 0.25 | 0.57 1.4 16.0
” 86 90 52 120 | 1.0 0.70 4.5 41.0
Mean 61 41 66 | 0.38 | .
1T 59 65 53 100 | 0.4 0.7 18 16.0
L 29| €| 55| — |03 | — | — —
ye 78 65| 56 240 | 2.2 0.97 7.1 46.1
IV 84 87 56 100 | 0.3 .0.88 1.1 8.1
II - 83 128 58 180 | 1.8 0.94 6.0 40.0
’ 50 84 60 30 025 062 (.13 12.9
i 28| 155 60| — | 28 | — | — —
Mean 86 57 1 130 | 0.99
ITr | 123 105 62 160 | 1.2 0.77 4.9 40.0
IV 82 58 63 60| 025 0.71 | 1.1 10.0
v 62 115 63| 100 | 04 0.74 1.7 15.0
II . .65 240 69 | 150 2.0 | 0.77 8.2 67.0
' 38 76 80 100 | 035 ] 0.9 1.2 8.5
. 61| 93| 89| — | 032 086 12 9.0
vV 49 57 90 60| 0.88 | 0.91 1.3 9.1
Mean 110 71| 105 | 0.7 '
A% 43 255 | 107 — 5.0 — — —
" 19| 185| 125 180 | 1.7 | 0.84 | 6.3 | 476
' 71 100 140 110 | 0.35 | 0.91 1.2 8.0
vs 97 —. | 144 50 | 0.43 | 0.73 1.9 16.0
’ - 89| — 150 120 | 0.6 0.79 2.4 19.0
i 122 t-185 | 150 | 120 | 0.7 | 0.66 | 3.3 31.0
" 23 235 160 100 | 0.64 | 096 | 21 18.7
Mean 181 | 139, 128 | 0.85
VI 103 — 270 180 | 1.1 0.81 4.3 34.0

VII 94 164 280 60| 045 | 083 1.7 13.0

VI 138 270 380 80| 0.17 | 0.68 0.79 7.3
v 56 3490 390 120 | 0.45 1 0.98 18 14.0
' 48 680 680 120 | 1.0 0.57 5.5 60.0

Mean 384 | 384 95 | 0.52 '
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\

TABLE XIX.—EARTHQUAKES OBSERVED AT HONGO.
| | Groups 1I—VII. '

Group. No. |7 (km) | d(km)| D (s) |2a(mm) | T, (s) V( msm )A(ﬂ) T (.s)

IV | 171 160| 0] 80| 07 | 025 90 | 2210 |{i%
, | 177| 120| 23| 80| 03 | 026 | 86 | 87.6 {47
IIT | 124 24| 26| 20| 014 | 034| 13 24 | —

IV 154 | 360 29 | 480 | 7.2 1.3 17.4 84.1 | 1.07
220 47 36 151 0.1 0.25 1.3 31.5 | 0.44

bad

\ 10| 63| 49| -—| 02 | 045| 14 | 195 | 044

1T 60| 62| 51| 16| 01 | 023] 14. | 87.3]| 023

Mean 119 | 31| 115| 1.95

IV 86| 90| 52| 70|02 |06 | 052( 27 |{}3
11 29| 60| 55| 40| 02 |07 | 09 | 81| — .
N 78| 65| 56| 140 | 0.74 | 0.78 | 8.0 25.0 | 0.70
v 84| 87| 56| 60| 016 022 23 | 660/ 20
IT | 179| 90| 58| 25| 026 049 | 17 | 214 26
. 194 | 70| 60| 120 04 | — — — | 12
. 50| 84| 60| 85| 015] 05 | 094]| 120 —

, 98| 155| 60| 100 | 24 | 08 | 94 | 740/ 0.53
. | 219 79| 60| 38| 0L | 020] 16 | 4983| —
, | 123| 105 | 62| 40| 054 — | — — | =

IV 62| 115| 63| 70| — | — | — — | =
1T 65| 240 | 69| 110| 1.4 | 071| 62 | 550 | 0.68
. 916 | 73| 73| 30| 024 | — — | — | 048
VII | 184 | 120| 74| 60| 01 | — | — | — | 058
111 17| 89| 8| 65| 005| 06 | 0.3 2.7 |53
II 20| 96| 85| 70| 016| 0.6 | 08 88| —
” 61| 93| 89| 30| 032] 08 | 34 | 720 {03

» 208 70 100 50 —_ _— _— —
Mean 99 67 64 | 0.46 '
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TABLE XIX.—(Continued).

“Group. | No. |7 (km)|d(km) | D (s) |2a(mm)| T, (s) v( “;m )A( ”:m ) T (s)
V | 212 — | lo7| 30| 014| 084 0.5 3.9 | 0.88
. 43 255 | 107 | 130| 20 | 1.3 | 48 | 230/ 067
. 172 | 225| 115| 100 08 | 069 | — | — | 088
s 18| 880 | 125 | 270 (150 | — | — — 388,
. 19 185( 125 116 | 05 | 05 | 3.1 | 39.5|30a3
. | 46| 225| 130| 115| 05 | 057 | 28 | 3L0| 065
\ 192 | 150 | 187 | 60| 02 | 067 | 0.9 88| —
, 44 | 185] 140 | — | 02 | — — - =
" 39 — | 150 | 65| 032 | 048 | 2.1 28.0 | 0.60
, | 122 18| 150 70| 06 | — | — | — | 052

Mean. 194 | 129 86 | 0.59
V. | 23| 23] 160 90| 06 | 13 14 | 7.0 069
y 174 | 800 160 | 200| 1.2 | 1.138| 3.3 18.5 | 1.18
VII | 215| 190 160 | 90| 02 | 1.14| 06 | 30| 132
V.| 214| 20| 170| 90| 01 | 056 | 0.6 8.8 | 055
, 176 | 315| 195 | 240 | 06 | 143 | 1.3 58§33
Mean. | 250 | 169 | 142 | 0.54 |
VII | 197 | 234| 260 | 120| 05 | 1.16 | 14 | 73| 119
VI 108| — | 270| 180 | 05 | — — | — | —
56 | 890 | 890 | 100 | 024 | 0.79 | 0.95 7.5 | 0.74
Mean. 312 | 307 | 133 | 041
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TABLE XX.—EARTHQUAKES OBSERVED AT THE
- CENTRAL METEOROLOGICAL OBSERVATORY.

Groups II-VIL.

Group. No. r (km). | dkm). | D . 25 (mwm). T, (s).
IV 171 160 0 90 41 0.6
114 23 21 | 25 0.4 04
. |89 24 91 20 0.2 0.8

TIT 156 g0 | 21 ! 120 Small, —
IV 21 92 | 22 45 0.2 0.5
. 177 120 | 923 90 | 15 0.7
ITT 115 25 23 30 | Small —
. 124 24 26 90 - 0.3 0.5
IV 154 360 | 29 372 — —
IIT 70 305 29 — Small. —
. 142 82 29 12 | 0.5 0.3
., 49 | 34 32 10 Small. —
IT | 152 45 | 34 10 _
IV |- 16l 38 35 15 . _
” 220 47 36 10 . _
y 18 40 37 |- 180 0.2 0.3
IIT 195 60 - 37 30 | Small | —
., 155 87 40 120 0.2 —
IL 143 200 38 120 1.1 1.0
IV 137 | 32 41 120 0.2 1.8
”» 163 41 41 | 30 Small. —
IT 53 52 | 44 30 - -
oo 76 59 | 44 | 10 | 02 0.5
1Y 158 80 44 | 30 | - Small —
IV 10 63| 49 | 10 | - 04 0.7

Mean. 87 | 33 67 04
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TABLE XX.— (Continued.)

F. OMORIT :

" Group. Xo. r(km). | d@m). | D) 23 (mm). T, (s).
II 60 62 51 30 Small. —_
IV 86 90 52 100 0.3 0.8
11 69 60 52 480 5.6 0.8
., 59 65 53 88 Small. —
11 125 92 53 270 1.9 0.4
11 188 | 48 55 50 0.2 0.6
) 29 60 55 10 Small —_
78 65 56 270 — —
18 84 87 56 20 0.4 1.2
., 79 55 57 60 Small. —
11 179 90 58 50 0.3 0.5
., 83 128 58 180 15 1.3
194 70 60 60 0.4 0.5
. 50 84 60 12 Small. —
. 28 155 60 120 2.5 L5
N 219 79 60 35 Small. —
., 123 105 62 60 0.3 0.8
111 118 54 68 30 Small. - —
II 65 240 69 120 12 0.7
. 216 73 73 40 0.3 0.5
VII 184 | 120 74 — 0.3 0.9
111 17 89 80 12 0.2 1.2
11 20 96 85 120 — —_
. 61 93 89 25 0.4 0.2
Vv 49 57 90 10 - Small. —
54 62 95 50 , —
IT | 208 70 100 25 0.2 0.5
Mean. 87 63 90 0.64
v 212 — | 107 50 Small. —
43 255 107 298 —_ —
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TABLE XX.—(Continued,)

Group. No. r (km). | d (km). D (s). 2a (mm). | T, (s
A 172 2925 115 75 0.5 0.5
v 182 160 120 — 0.8 10
v | 18 | 380 125 360 — —
, 19 185 125 120 | 1.0 1.8
5 144 — | 12 120 0.8 1.5
, 104 200 130 70 0.2 10
., 46 225 130 45 — —
., 55 | 0 — 130 15 Small. ~_
. 192 150 137 30 5 R
" 71 100 140 | 120 0.2 1.5
N 44 135 140 109 0.7 1.4
. 97 — 144 180 — —
N 39 | — 150 60 0.4 1.8
y 122 185 150 120 1.2 0.5
. 23 235 160 | 90 1.3 1.2
., 174 300 160 240 — —
VII 215 190 160 60 _ —
Y 173 — 162 20 | 0.2 0.2
y 214 200 170 90 05 0.6
Mean. 208 . 138 110 - 0.52 \
v 131 — 190 150 0.2 0.9
by 176 315 | 195 120 1.2 0.7
VII 197 234 260 120 | — —
-V 189 — 260 90 - 0.2 0.6
VI 103 —_ 270 | - 180 0.4 1.2
VII 94 164 280 60 Small. | —
VI 56 390 390 90 — —
184 — 430 240 0.4 14
. 48 600 600 60 — —
Mean. 341 319 123 - 0.47
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TABLE XXI.—EARTHQUAKES OBSERVED
AT HITOTSUBASHI.*

Sept. 1885—-Aug. 1887.

_ Date, Time of occurrence. lzga’fmﬁ’)” D). | dEm). | ¥ (km).
1886. VI 14| 6. 25. 19 pm. | 0.6 70 0 56
; IX. 12 | 8. 43.22 pm. | 08 50 0 | 105
y XII 26| 5.48. 5 pm. | 08 51 0 105
1885. X 15| 8.18. 43 pm. | 10 148 24 53
” XI. 16 | 1. 53. 36 p.m. | Small 30 24 - 35
1886. VI 11| 1.45. 44 pm. | 04 | 75 24 56
, III 26| 6. 6. 0pm. | 0.1 65 27 | 39
1887, IV. 27| 9.30.38 pm. | — 140 | 97 53
1885. XII. 3| 6. 1. 42am. | 02 | 60 | 32 47
1886 » 29 |11, 5. 43 am. 0.5 60 35 69
, X. 4| 2.85.25 pm. | 0.3 85 40 64
y , 25]10.11. 18 pm. | 04 100 40 64
Mean; 0.43 78 23 62

1885. XIIL 28 | 10. 6. 30 pm. | 3.5 210 47 | 158
1836. IT 24| 7.84 0am. | 05 105 47 118
, vV 5 S 02 B4 | 47 52
y . 18| 8.12. 51 pm. | 0.5 135 47 | 187
»  VIIL 3| 2 11.40 amn. | Small. 20 48 48
y XI. 2| 8. 21. 46 pm. | 0.2 100 48 56
XII. 8| 11.58. 16 am. | 0.3 122 48 | 56
1887. V. 17| 4.19. 44 pm. | 0.2 20 48 64
1886. , 8110.14. 0pm. | 21 144 52 187
, X. 22| 8.49. 14 am. | 05 65 55 113
1887. IV.16| 8.35. Oam. | 04 112 56 60
1885. XIL 19| 6.28. O pm. | 28 106 60 258
1886. IX. 16| 1. 2. 57 pm. | 0.1 a§ 64 80

* Compiled from the late Prof. S. Sekiya’s paper : Earthquake Memw ement, etc., Jour Se-
Coll. Imp. Univ. Tokio, IL.
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TABLE XXI.—(Continued).
Date. Time of occurrence. I;I;’(‘m}lf)r ’ D (s)- d (km). v (km).
1887. VII. 2| 3. 16. 24 p.m. 0.6 61 73 89
1885. IX. 2| 8. 8. 0 pm. 0.3 150 74 87
1887.  VI. 22| 7. 42. 39 am. 0.3 98 77 85
| Mean. 0.78 97 56 100
1886. V. 80| 8.38.18 p.m. 0.4 90 92 92
1885. X. 1| 1. 9. 0 pm 1.0 120 95 145
” o, 18] 0.15 0 pm. 0.8 60 95 98
1886. I. 4| 8 31.30 pm. | 04 54 95 98
” s B | 4.96. 42 pm. 0.8 75 106 118
s TIIT. 13 | 6. 25. 0 p.m. 0.7 120 110 118
1887. VI 20 | 8. 88. 30 a.m. 0.4 95 113 161
1885. X. 11| 5.28. 18 am. 1.1 243 114 134
1886.  III. 5. 3. 49 a.m. 0.6 130 118 126 -
. VI. 3. 6. 37 pm 0.4 91 122 122
1885. X. 24 | 5.12. 18 pm 0.7 75 130 150
Mean. 0.62 105 108 124
1687. VIIL 15| 0. 59. 15 a.m. — 185 169 193
1885. IX. 26| 0.30. 0 pm — 9215 177 235
, X. 26 | 10. 41. 11 p.m. 2.2 200 180 294
1886. IV. 4| 1. 0. O am. 0.4 130 216 235
" XII. 11 | 10. 16. 25 p.m. 0.4 76 242 193
1887. I 2| 2. 8. 14 p.m. 0.8 118 287 7| 290
Mean. 095 | 154 212

228
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