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Introductio_r’i;

The present volume, which may be regarded as the con-
tinuation of the late Professor S. Sekiya’s paper on the Tokyo
earthquake measurement,* contains the analysis of thefdia'grams
of the 220 earthquakes observed, with the éXception of the first
nine, between Sept. 1887 and July 1889, at three places in

Tokyo, as follows :

Numbsr of earth- Position of observing station.

Observing station. : _
. quakes observed. Latitude, N. | Longitude, E.

Hongo
(Seismological Institute.) 82 35° 427 29" | 139° 45" 53"
Hitotsubashi. 78 35° 41" 17" | 139° 45" 30"’

202

iCentr&l Meteorological
Observatory.t

The observations at Hongo (Seismological Institute) and
at Hitotsubashi, which form the principal object of our
examination, were made by Professor Sekiya mostly by means
of Ewing’s horizontal pendulum and vertical motion seismo-
graphs, which magnify the horizontal motion 4 to 5 times and
the vertical 7 to 8 times. On the other hand, the observations
at the Central Meteorological Observatory were made by means
of a Gray-Milne seismograph, which magnifies the horizontal
and vertical movements 6 and 4 times respectively. In each case,

* Jour. Sc. Coll. Imp. Univ., Tokyo, Vol. II, p.p. 57-75.

t The Cental Meteorological Observatory is only 5 0 m to the soutk-west ¢f Hitotsu-
bashi,
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the two horizontal components were in the east-west and north-

south directions. Somebim@s?;:h‘ave; made also short references
to the records given by duplex pendulum seismographs which write
the horizontal motion, 6 or 7 times magnified, on a stationary
glass plate. . e . e

The account of ea,ch earthque is given more Or iess com-
plétely according to. the following form.—

(1) Date and time of oceurrence,. ,

(2) Result of observation at tae Oenmal Me’oeorolooucal
Observatory. In cases of strong earthquakes, notes on the area
of disturbance are also given.™* |

~(The data in (1) and (2) are taken from the seismometrical
reports of the Central Mebeorolooucal Observatory.) |

(3) Detailed analy%ls of the seismograms- obta,mefl at Hl’oo-
tsubashi and Hongo. ‘ o o

- The times are always given in the First Standard Japan
Time, or that of long. 135°K. | R o

For ﬁnding the relation, if any, between the amplifude and
period of vibration, I have constructed, in cases of some of the
stronger earthquakes, tables giving ‘oh‘esevtwo elements of motion
for the different, vibrations, conveniently divided into groups in
order of magnitude of the amplitude.  In some cases, the exami-
nation was confined to a ;sihgle component. If not specially
mentioned, however, the measurement for the horizontal motion
was made with referance to its two components, that is to say,
the range of motion(22) denotes the resultant horizontal displace-
ment in each vibration. |

L

. * The extent of the disturbed area is given in 8q. ri; 1 7 being very nearly equal
to 4 km. .
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The preliminary tremor, principal. portion and end portion,
into which an earthquake motion may be divided, are defined
as follows.— (1) The preli'min':lry tremor is the introductory
part, which consists of movements of small amplitude and of
short period ; (2) the principal portion is the most active part
which follows the preliminary tremor and consists of movements
of large amplitude ; (3) the end portion denotes the feeble
finishing part which follows the principal portion.
~ Ripples are those quick earthquake vibrations whose periods
are small fractions of a second, generally superposed on slow
principal undulations. |

Intensity of motion. The intensity of ordinary, or non-
destructive, earthquake motion is indicated as slight, weak or
strong. A slight shock is one which is very feeble ; a weak shock
is one whose motion is well pronounced but not so severe as to
cause general alarm ; and finally a strong shock is one which is
sufficiently sharp to throw down some furnitures, to cause
people to run out of doors, ete.

A tremor denotes a very slight earthquake, whose amplitude
is too small to be accurately measured.

Abbreviations.

The abbreviations used in the description of the s2ismo-

grams are as follows.—

H.M. ... .Horizontal motion.

V.M. ... Vertical motion.

2a ....Range of motion, or double amplitude.

7 ....Period(complete)of vibration.

T ....Period of vibration corresponding to max.2a.
27a,

V= —F— =Maximum velocity.

o
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A= ‘-1—;5;% =Maximum acceleration.
A ~ .
2a is expressed in mm, and 7, and 7" each in second.
Macro-seismic motion.

The motion of an earthquake when observed at no very
great distance from the origin consists generally of a set of
different waves whose periods range from fractions of a second
up to 1 minute or more. . Now the maximum motion (2a) in
ordinary earthquakes as observed at Hitotsubashi is on average
about 0.7 mm, while the lowest limiting value of the the accelera-
tion (A) of the sensible earthquake motion is about 17 mm per

sec. per sec.” If we, for example, put 2a=0.7mm. and 4 =17wm /s,
2
we obtain 7’2:%_&_; therefore 7"=0.9s.

Similarly, if we put 2a=5mm, and A=17mm/: we obtain

T=24s. |

The above calculations show that, with the ranges of
motion of 0.7mm and 5 mm, the vibrations would not be sensible
unless the period be smaller than 0.9s and 2.4s respectively.
Now, as the motion is small in slight earthquakes, while the
period is generally greater than 5 or 6 seconds in distant, earth-
quakes;t so we may define the macro-seismic motion as a part of
the earthquake motion whose period is, excepting cases of strong
shocks, not longer than 2 or 3 seconds. Consequently the
diagrams given by the ordinary Ewing or Gray-Milne seismo-
graphs, analyzed in the following pages, are to be regarded as
indicating only the macro-seismic portions in the different earth-

* See the Publications, No.11.
f In the diagrams of distant earthquakes there ure often vibrations. whose period.

is less than 1 sec,, but the 2a of these movements is always very small.
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quakes, the instruments not being able to Fecord accurately the
motion with period longer than 24 or 3 sec.

In No.11 of the Publications I give a discussion of the
analysis contained in the present vclume, together with other
miscellaneous notes.

Feb. 1902. Seismological Institute, Tokyo.
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Fiyle No. 1. Sept. 26, 1885: 0.30.0 p.m.

Hitotsubashi ; horizontal motion.

The earthquake consisted of gentle vibrations. Max. 2a==5.0 mm,
7. =18s; V=87 mm/e. A=30.5 mm/sc: The relation between 2a

and 7" of the horizontal motion is given in the following table.

HITOTSUBASHI ; HORIZONTAL MOTION.

[

2a (nm) T (sec.) : 2a (mm)

5.0° 1.8 !
5.0 2.0 | 1.9
4.5 - 4.5 (mean 2.1 - 2.0 (mean) | »
4.3 2.6 / .,
4.1 1.7
4.0 1.8 e
. . ! o 8. M
3% 15 | 1.8 }-1 (mean)
3.3 1.7 L

) ’ 1.6

.~ +31 (mean) | 1.4 | 1.6 (mean) | 1.7
3. 1.8 .
2.£) Al :' o T h
2.8 1.5 ik
_r 1.8, 1o
2.3 1.1 P |

” 1.5 o7 14 (mean)
2. , 2 . : b

1 2.2 (mean) i.l - 1.3 (mean) 1.3
2.0 1.2 1.9

1.0
1.2

+1.17(mean)

0
9
4
i - 1.9 (mean)
5
4
8
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2
2a (mm) T (see.) © 2a (mm) T (sec.)
1.1\ 0.84
» i) 99 07 A : 0.44
» 089 iz 064:
» 0.92 . 0_74
0.9 , 0.96 (mean) 823 0.84 (mean) 0”6 + 0.57 (mean) 82? +0. 65(mean)
) 0.54 1 0.58
’ 1.1 5 0.80
0.8 0.69 0.3° 0.48
”» 0.80 . 0.77 )
39 1.0 J !

Ligke No. 2. July 2, 1886:0.83.6 p.mn.
This was a modemtely strong ea,lthquake the 1not1on belng chleﬂy
in the KWW component. ‘
Hitotsubashi ;. horizontal motion. : .
Max. 2a=15 mm, T, =0.835; V=57 mm/e, "A=43. mmjs,> The

relation between 2a and 7’ of the horizontal motion is given in the’

following table.
EITOTSUBASHI: HORIZONTAL MQ,TION.
2a (mm) . T (sec) 2a (mm) ‘ T (sec.)

1.5 ' 0.83 0.75) _ 0.83
13114 (mean) 0.86 | 0.85 (mean)| V-/9 ' \
15 0.86 075 | 0.68
1.0 0.90 | 0.75 | 0.71
1.0 - 1.0 (mean) 071 0.81 (mean) (_).7‘5 - 0.79
1.0 1083 o1l | 0.83 3
09 083 -050.74 (mean) | 0.75\ 0.77

. "o 0.75 0.75 ( (mean)
0.9 : 0.86 . <

: 0.75 0.86
0.9 0.86
0.9 0.83 0.75 0.86
O.L) - 0.9 {mean) 0.79 r() .83 (mean || 0.75 O ;8

. 0.75 0.83
0.9 0.90 )
0.9 0.83 0.7¢ 0.71 /
0.8 0.75 | | 070 - o8
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0.65 0.79

0.65 0.79

0.60 0.68

0.60 | 0.56 | - 0.30 0.79
0.60 0.83 0.30 | - 0.77.
0.55 0.75 0.30 0.75
0.50 1 0.75 0.25 0.75
0.50 )0.26 (mean) 0.86 }0.78(mean | 0.25 »0.26 (mean)l 0.79 }0.78(mean)
0.45 0.90 025 | .\ 0.79(
0.40 0.83 0.25 | 0.79
040 | 0.83 0251 0.83
0.38 083} | 170,20/ 1 0.79
0.38 0.79

0.38 0.75

0 38 0.75)

From the above table, it .will be seen that there was in this case no
marked variation of the period. The following results have been obtained
from the measurement of the vibrations in the very end part of the

earthquake,.

' 'HITOTSUBASHI : HORIZONTAL MOTION, CONT.

22 (mm). o Number of Vibrations. Average period (sec.)

Very small 3 0.73
5 3 0.75
” 2 0.70 |- 0.73 (mean)
» 3 0.77
-3 0.69

o9y

Egke No. 3. Dec. 26,1886 :5.48.5 p.m.
Hongo. _’ = ' 4
Horizontal motion. The motion consisted of small vibrations which
were at first quick and irregular, but became, after a short interval,
smooth and regular. | .‘

Vertical motion. The motion was maximum at the commencement,
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gradually diminishing towards the end. The period remained very nearly

constant as will be seen from the following table..

HONGO; VERTICAL MOTION.

2a (mm) ﬁ%ﬁ?ﬂngf ' Average period (sec.)
At the commencement r o Rt | I .
of the eqke. Very Slnﬂ;n.’ ] 5 | O.43l
Towards the end. N 7 0 10395042 (mean)
,. s 4 0.43

Fgke No.4. June 20, 1887 : 8.38.30 am. '
Hitotsubashi. _ .
" The motion was rather greater in the AV than in the NS com-

ponent, the period remaining constant.

HITOTSUBASHI : EW COMPONFNT..

2n (mm) Number of vibrations, Aveiége penod (sec.) ,
0.45 3 0.86
0.38 3 0.90
0.38 3 0.94
0.38 2 1.0
0.38 3 0.94
0.38 3 - 0.94 { 0.94 (mean)
0.30 3 0.98
0.25 3 0.94
Very small '3 0.96
3 0.96

b2

v;Hongo., » ‘ ,
The motion was very small in all the three components, the'period of

vibration being as follows.
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<

HONGO.
Component. Number of vibrations, . Average period (sec.)
4 0.569
EW. 4 0.73 } 0.69 (mean)
_ 4 0.74
5 0.46
4 0.46
3 - 0.44
4 0.46,
NS. 3 0.42 % 0.43 (mean;
5 0.41 :
5 0.41
5 0.40
5 0.44
b G 0.20) T i
Vertical. 1 b 0.16 + 0.19 (mean)
» : 1 ‘ -0.20 :
Eqke No. 5. June 22, 1887 : 7.42.39 a.m.

This was a very small earthquake consisting of regular vibrations.

Hitotsubashi ; horizontal motion.

* The motion’ was rather greater in the EW ‘than in the NS com-

ponent. The max. 2a was 0.14 mm in each component.

£

HITOTSUBASHI : HORIZONTAL MOTION.

Com- |Number of Average period. - " Com-- |Number of Average period.
ponent.. |vibrations. (sec.) -ponent. |vibrations. | (sec.)
7 0.78
5 12071 4 0.72
6 0.80 4 0.7v
.6 0.88 3 0.92
6 | 086 , 10 0.76
EW. 6 0,75 30.83 NS. 6 0.78 » 0.78
' 4 0.88 | (mean) 6 0.76 | {mean)
5 - 0.78 ‘ 10 0.69
3 0.96 10 0.84.
-5 | 081 10 0.86
7 0.90 /
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Hongo ; horizontal motion.

The motion was much greater in the NS than in the EW component.

there being no vertical motion,

- HONGO ; NS COMPONENT.

2a (mm). Number of vibrations. Lverage period (sec).

0.44
-0.44
0.47
1041 045 (mean).
0.42
. 0.39
0.42

012
Very small

[N TN ) §N

Fgke No. 6. dJune 30, 1887 : 8.0.35 a.m.
Hongo. A '
~ This was a very small earthquake.
Horizontal motion. The max. 2a was less than 0.1 mm ; the motion,
which was almost entirely in the NS component, consisting of® regular

vibrations. The diagram indicated no preliminary tremour.

HONGO; NS COMPONENT.

L

2a (mm). Number of vibrations. Average period (séc.).. '
Small. 3 0.45
’ 3 - 0.45
Very small. 5 0.46
. 5 0.44
:: g : g:ﬁ' - 0.44 (mean).
) 5 0.44
. 5 0.42
. 5 042
) 2 0.43/
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Vertical motion. The duration of the vertical motion was some-
what shorter than that of the horizontal. 'The period remained peifectly
constant, the average value, deduced from 89 vibrations, being 0.18 s.

The max. 2a was very small.

Lgke No.7. July 2,1887:3.16.24 p.m.
Hongo. ' ‘

Horizontal motion. The motion occurred equally in the two horizontal
directions and consisted of small regular vibrations, whose period
remained perfectly constant in each component. The average period
was as follows :—— : 4 .

EW...... 0.72s  {deduced from 30 vibrations) ;
NS ... 044s » 41 " )
The origin of the earthquake was situated due W from Tbkyo, ‘o that

the EW component may be taken as representing the normal vibration.

Vertical motion. The motion, which was maximum at the commence-
ment and thence gradually diminished, consisted of small regular move-

ments whose average period, deduced from 18 vibrations, was 0.17s.

Lake No.8. July 12, 1887 :3.7.42 p.m.

This was a very small earthquake.

Hitotsubasla.

Horizontal motion. - The motion consisted of regular vibrations, the
max. 2a being 0.14 mm in the EW and 0.1 mm in the NS component |
The average period was as follows :—

EwW. . .. .. 0.71s  (deduced from 28 vibrations);
NS ... 0.74s ( ’ p 9 " ).

Hongo.
The motion which consisted of vibrations of a constant period, was

almost entirely in the NS component. The max. 2a was 0.14 mm, and

the average period, deduced from 28 vibrations in the NS component

was 0.463. There was no vertical motion. .
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Fqke No. 9. July 22,1887 : 8.27.0 p.m.

This was an earthquake of moderate intensity. -

Hongo. - _

- Horizontal motion. The NS component consisted of regular move-
~ments of constant period, whose max. 2a was 0.25 mm and whose average
period, deduced from 53 vibrations, was 0.46s. On the other hand, the
LW component consisted of slow gentle movements of variable period,
whose max. 2a was 0.4 mm and whose average period deduced from 15
vibrations, was about 1.0 sec. _

Vertical motion. The vibrations oceurred only in the earlier part of
the earthquake. The 2a was very small, the avernge period, deduced

from 22 vibrations, being 0.14 s.

Figke No. 10. Sept. 2, 1887 ; 5.52.49 p.m.
Observation at the Cent. Met. -Observatory :— |

Duration. 10s, |

Direction. F-W. .

Max. H. M. 0.4 mm (period=0.7s).

Max. V.M. Small. o

- Character. Quick.
Hitotsubashi.

Horizontal Motion. Duration="50s.

Max. 2a=0.21 mm, 7,=0.54s; V=12mnm/, A4=142mm/;. The
average period was as follows:— ' ‘

- EW..... . 0.52s (deduced from 24 vibrations);
NS ... 0.55s ( , , 16, )
Hongo. ’ B ‘

Horizontal motion. The motion consisted at first of very quick
vibrations. ~After a short time interval these ripples disappeared, and
there followed regular and somewhat larger movements, whose period
remained constant till the end of the earthquake, and whose average
period, deduced from 68 vibrations in the NS component, was 0.44s.

The motion +was chiefly in the A'S component.
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Max.2a=02 mm, 7,=045s;  V=14mm/, 4=195 mm/e

 Vertical motion. The vertical motion consisted of a series of ex-
tremely small regular vibrations, whose maximum occurred at the com-
mencement. The period was constant, the average value, deduced from
40 vibrations, being 0.16 .- It may be noted that the character of the
vertical motion was much different from that of the horizontal, the
maximum in the latter compéllellt occurring some seconds after the start
when the movements became free of the superposed ripples. It seems
probable, however, that the vertical vibrations and-the horizontal ripples

belong to one and the same class of waves.

FEqgke No. 11. Sept. 3, 1887 ; 4.50.30 a.m.-
A tremor observed at the Cent. Met. Observatory.

Eyke No. 13. Sept. 5, 1887 ; 3.23.23 p.m.

Observation at the Cent. Met. Observatory : —

Duration. 6 m. e : ‘

Direction. SE--NW.

- Max. JLM. 25.7 mm(period =2.3s..
‘Max. V.M. 6.5 mm(period=0.8s)

Character. Quick ' :

Remark. ¢ The earthquake began with tremors which lasted 7s. Then
the horizontal motion became active and indicatel 34 large vibrations ;
the maximum having occurred at the 82nd second. At the 46th second
the moticn became small, but after a short interval it increased again,
being more or less active for the first 1m 50s. The maximum of the
vertical motion, whose character was sharp from the commencement,
occurred at b‘ehe 18th second, or 14s earlier than the maximum horizontal
motion. The vertical motion was more or less active till the 56th second,’
This earthquake was the strongest in this year next to that of the 15th
of January. - '

“The total land ares of disturbance was 4660 sq. 7t and extended

over the following 16 provinces :— Suruga, Kai, Tzu; Sagami, Musashi,
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Awa, Kazusa, Shimosa, Hitachi, Kotsuke, Shimotsuke, Shinano, Iwaki,
Twashiro, Echigo- and Rikuzen. ‘The motion was felt strongly in the
eastern part of Sagami, eastern part of Musashi, Awa, Kazusa, Shimosa,
Hitaclhi, eastern part of Kotsuke, eastern part of Shimotsuke, and in the
southern portion of Iwaki. The area of violent motion was about 150 sq.
75 and extended over the eastern portion of Kazusa, eastern portion of
Shimosa and the south-eastern portion of Hitachi.

“The reports from some of the places in the wiolently or strongly
shaken area were as follows.— -

«« Shimosa. In the Katori District, vertical motion was felt first, soon
followed by horizontal shakings, which caused some damage such as
cracking of house walls, falling down of roof tiles, overturning of furni-
tures, overflowing of liquids, ete. An old ware house was overthrown,
while several dwelling houses were thrown out of the vertical position.
Some shou brewers sustained losses from the fracturing of the chimneys
and the overturning of the large vessels which contained several thou-
sand koku of shiu. Porcelain dealers had also much of their articles
broken. In Kaijo District, house walls were cracked, liquids overflowed

and people generally ran out of doors. In Sosa District, some ware

- houses were damaged, the motion having been so - violent that a man

working on the roof of a house was thrown down.

“ Kazusa. In. the Nagara District, the earthquake began with
vertical tremors, followed after a short interval by horizontal shakings,
which became so strong that people ran out of houses.  Some dozo (Ja-
panese ware houses) were cracked, waters contained in tubs overflowed,
towards east or north and loosely piled fagots fell down towards NE.
Porcelain dealers sustained losses from the overturning of their articles.

- “ Hitachi. In the Kajima District the shaking was felt simul-

taneously with sounds.. The water- which filled a tub to about 4 inches

from the mouth partly overflowed toward S. Insome of the other dis--
tricts pendulum clocks were stopped and furnitures were overthrown.
- “In Kazusa, Shimosa and the eastern part of Hitaehi, this earth-

quake was the strongest next to that in the winter.of 1884.” -
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Hongo.

~ The horizontal motion of this earthquake was much greater, but of
slower period, than that of the édrthqua,ke of Jan. 15th, 1887. The
vertical motion was small. '

Horizontal motion. The duration was as follows : —

LW component.......... . 4im;
NS P 3 -:-l\- 1m.

The motion was much greater in the £}/ than in the N'S component,
probably because the origin was to the east of Tokyo. At first there

were some superposed ripples, which, however, were insignificant.

N

S

Scale : 47/1

The preliminary tremor lasted 15s, when took place the following
maximum vibration (04 BCD in the accompanying figure) :—

Max. 2a=15mm, Direction N 84°E, T =3.0s;V=15.7 mm/,
A=33mm/g2 - |

During the first 40s, the motion was complicafced‘, but thereafter it
became gradually regular. The vibrations in the NS component were
quicker and more regular than those in the EWW component. The relation
between 2a and 7' of the vibrations in the VS component after 40s from

the commencement is given in the following table. .
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HONGO : NS COMPONENT.

.| Number ' : 2‘ Number [, T .
2a(man) vibrg.iions T (sec) a(mza) . vibrg,zions (sec.)
1.7 1 109
1.3 1 1081
1.0 1 072
10 y 1.1 1 109 075 0.3, 2 10.54
0.9 |(mean) 1 0.68](mean: || 0.3 2 10.45
0.8 1 1]0.63 0.3 1 1041}
0.8 1 10.63 0.3 8 0.54
0.7 1 |U.68y 0.2 3. 1043
0.6 1 0.50 0.2 3 042
0.6 1 |0.59 0.9 6 0.47
0.6 1 (045 0.23 0.20 3 1045 ) 047
0.6 5 10.65 0.2 limean) G 10.48 [(mean)
0.6 1 (0.72} 0.2 6 l0.47
0.56\ 0.50 1 0.77 0.57 0.2 4 10.60
0.5 [(mean) 1 051020 0.2 4 0.50
0.4 1 0.45[(@ean) | 0.1 6 051
0.4 2 [0.50 0.1 5 10.50
04 4 (0.50 0.1 3 0.45)
0.4 1 0.60]
0.4 1 0.72
0.36/ 1 [045

In the NS component, the period became very nearly constant to-
wards the end.

In the EW component, the average period, deduced from 11 vibra-
tions in the end portion, was 1.3s..

Vertical motion. Duration;:SOs.' The motion, which was more or
less active during the first “4.0s, was at first irregular but became regular
towards the end. There were two equal maxima which occurred respec-
tively at the 156th and 18th seconds : i ,

Max. 2a=0.48mm, 7,=0.61s; V=205 mm/s 4=25mm/;.

It will be observed that the first vertical maximum occuned simul-

taneously with the maximum in the ‘horizontal Component
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The relation between 2a and 7" of the vertical motion is given in

the following table.

HONGO : VERTICAL MOTION.

Number i . i Number ,

2a (mm) ofti\,g::u- Average I’ (sec.) ! 2a (mm) oft;:ll:;a- Average T (sec.)
10.50Y 1 0.51 . Very small 4 0.15
00l 042 | T 0l o5t 5 o13)
031 (mean) 1 o4 (mean) > 5 lo1r
0.25 1 0 40 ., 7 10.18
0.25{ 0.23 1 O 44( 0.39 ., 4 i0.15
0.21{ (mean) 1 0.36{(mean) ., 2 10.18
0.19 1 (L&))() 3 B 6 1017 ? 0.16
0.15 1 0.27 ' |- 8 10.18 (mean)
0.15 1 ().29) : ’ 5 10.22
0.13{ 0.13 1 0.24( 0.28 . P2 1015
0.13{ mean) 3 0.27((mean) | . 3 015
0.13 1 10.83 ), S 10.14
0.06 2 0.28, “ 4 015/

Lqke No. 13.  Sept. 4 1887 :—
Not observed at the Cent. Met. Obse) vatoa Y.
Hitotsubasha. _
Horizontal motion. This was a very small earthquake which consist-
ed of gentle shakings, the motion being chiefly in the Z'W direction.
Max. 2a=0.3mm, T ,=0.8s; V=12mm/; A=9.3mm/q..  The average
period, deduced from 44 vibrations in the NS component, was 0.72s.

Vertical motion.  Very slight.

Iigke No. 14, Sept. 6, 1887 :— .
Not observed at the Cent. Met. Observatory. |
Hitotsubashi.
Duration =120s. The motion, which was slightly greater in the £
than in the NS direction, consisted~of a series of very regular gentle
vibrations, there being no vertical component. The following maximum

motion occurred at the 4th second : —
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Max. 2a=0.64 mm, 7, = 1.1s; V= 1.8mm/s A=10.4mm/s*
The average period, deduced from 24 vibrations in the ETV com-
ponent, was 0.83s. The motion in the NS component was irregular.
Hongo. .
The motion, which consisted of smooth regular vibrations, was much

gleatel in the EW than in the NS component.

Ligke No. 15.  Sept. 8, 1887 ; 3.55.0 p.m.
A tremor observed at the Cent. Met. Observatory.

Eoke No. 16. - Sept. 11,1877 ; 9.20.0 a.m.
Observation at the Cent. Met. Observatory :—
- Duration. 25s.
Direction. E-W.
Max, HM. Small.
Character.  Gentle.

Eygke No. 17.- Sept. 13, 1887 ; 8.16.52 p.m.

Observation at the Cent. Met: Observaiory :—

Duration. 12s. |

Direction. SW-NE.

Max. HM. 0.2mm (period=1. 2s)

Character. Gentle

Hongo.

Duration=65s. The motion, which occurred equally in the two
horizontal components, consisted of gentle vibrations, there being no
vertical componenf.

Max. 2a=0.05mm, 7,=0.6s; V=03mm/; 4=27mm/;.. The mo-
tion, which was at first irregular, became afterwards regular, the average
period being as follows :— :

(ETW) 1.4s (deduced from 12 vibra,tions) ;
(NS) - 0.50s ( » 26 ).

Eqke No. 18. Sept 15,1887 ; 4.41.41 p.m.
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Observation at the Cent. Met. Observatory :—
Duration. 3s. '
Divection. - E-TW.

Max. H.M. 0.2mm (period=0.3s).

Character.  Quick.

Eqke No. 19. Sept. 25, 1887 ; 8.56.11 a.m.

Observation at the Cent. Met. Observatory :—

Duration. 2m., ‘ “

Direction. ESE~WNW.

Max. H. M. 1mm (period=1.8s).

Max. V. M. Small.

Character.  Gentle. -

Hilotsubashi ,

Duration=8m. The motion was much larger in the &I than in
the NS component.

Max.2a=1.7mm, Direction S 70°W, T,=0.84s; V=64mm/; A==
47.6mm/g:.  The average period, deduced from 13 vibrations in the EW
component, was 0.77s. .

The Duplex Pendulum at Hitotsubashi indicated two principal direc-
tions of motion, namely, ENE—WSW and ESE—WNW, the

amplitude being greater in the former direction.

Hongo.
The duration was as follows :—
(EWy. .o 116s;
(NSY. ... 87s

The preliminary tremor lasted 1.2s, when the following maximum
motion took place :-—

Max. 2a=0.5mm, 7;=0.5s; V=31mm/g A=39.5mm/c

In the end portion of the NS component, when the superposed
ripples disappeared, the average period was 0.48s. The motion in the

corresponding portion of the EW component consisted of slow unduls:
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tions of an average period of 0.93s, superposed with smaller ones of an
average period of about 0.53s. These latter vibrations existed also in
the earlier part of the earthquake and had an average period of 0.42s.
Vertical motion did not exist.

The Duplex Pendulum at Hongo indicated the same two principal

directions of motion as at Hitotsubashi.

FEqgke. No. 20. Nov. 15, 1887 ; 8.54.51 p.m.
Observation at the Cent. Met. Observatory :—
Duration. 2m.
Direction. SE-NW.
Max. HM. 0.4mm (period =2.4s).
Character. Gentle.
Hbongo.
Horizontal motion.
Duration=70s. The motion was greater in the L/ than in the
NS direction, the vertical compcnent being very small.
Max. 2a=0.16mm, 7 ,=0.6s; V=08mm/, A4=88mm/s2
Vertical motion.
Max. 22 =0.06mm. 7, =0.5s; V=04mm/s 4—=47mm/g

Lgke No.21. Nov. 20, 1887 ; 0.2.81 p.m.

Observation at the Cent. Met. Observatory :—

Duration. 45s.

Direction. SWS-NEN.

Max. HM. 0.2mm (period =0.5s).

Charactenr. Quick.

- Hitotsubashz.

Horizontal motion. Duration=3m. The motion was greater in the

NS than in the EW component. '
- The average period deduced from 16 vibrations in the NS com-

ponent, was 0.63s.

Vertical motion. Duration =40s.
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Mas. 2a=0.3mm, 7, =0.5s; V=1.9mm/, 4=23.7mm/s:,
The average period, deduced from 22 vibrations, was 0.45s.
Hongo. |

Horizontal motion. Duration = 57s.

The diagram indicated no preliminary tremor, but began at once
with the max. 2a of 0.24mm in the NS and 0.08mm in the E direc-
tion.  The motion, which was much greater in the NS than in the EW
component, consisted, in the former, during the first 8.1s of quick and
irregular vibrations of an average period of 0.18s; thereafter the vibra-
tions became regular and slow, the }fwerag'e period, deduced from 60
vibrations, being 0.47s.  In the ETV component it was difficult to count
~ the number of vibrations.

Vertical motion. Duration=12.5s.

The vertical motion existed in a comparatively large amount and
consisted of a series of regular vibrations of an average period of 0.18s.

The max. 2a of 0.16mm occurred soon after the commencement.

Bgke No. 22, Nov. 23, 1887 ; 6.5.0 p.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 23. Nov. 30, 1887 ; 9.24.18 a.m.

Observation at the Cent. Met. Observatory :—

Duration. 90s.

Direction. SES-NWN.

Max. H M. 1.3mm (period=1.2s).

Character. Gentle.

Remark. The motion was at first small, The maximum vibration
oceurred at the 15th second.

Hitotsubashi.

Horizontal motion. Duration=100s. The motion, which was chiefly
in the ET direction, consisted of gentle vibrations. ,

Max. 2a=0.64mm, Direction SE, T ,=0.96s; V=21mm/y

A=13.6mm/g |
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The average period was 0.83s,.
Hongo.
Horizontal motion. Duration =90s. .
~ The preliminary tremor lasted 2.0s. The motion which was greater
in the NS than in the EWW component, was during the first 10s super-
posed with small ripples of an average period of 0.16s; thereafter ‘the
vibrations became simple and regular. ‘
Max. 2a=0.6mm, Direction S, 1,-=1.3s; V=1.5 mmfs
A4=T7.0 mm/s.g

The average period in the NS component was as follows :—

- during the 1st 9.8s...... Aver. period =0.45s ;
» 5 hext 18.0s... ... » . =0.45s(max. 22=0.3mm);
v s, 1788, ... ’ »o  =044s(,, ,, =018,);
R % £ S, " ,  =0.45s(motion very small).

In the EW component, the vibrations were irregular but had an
average period of about 0.6s; towards the very end they became small
and slow and had an average period of 0.77s.

Vertical motion. Duration=45s. ‘

The vertical motion, whose amount was comparatively large, con-
sisted of a series of regular vibrations, whose max. 2a was 0.06mm, and
whose average period was as follows : — ‘

50 vibrations during the 1st 8.5s gave an aver. period of 0.21s;

0 ’ ’ , next8b5s , . o, -, ,, 0.21s,
0 y ’ y s S80S, L, ) ,, 0.21s.

<

C

The motion was small at the commencement, but the preliminary

tremor was not well defined.

Eqke No. 24. Dec. 65,1887 ; 0,57.16 p.m.

Observation at the Cent. Met. Observatory :—

Duration. . 15s.

Max. H. M. Very small.

The Duplex Pendulum at Hongo indicated very small movements,
chiefly in the SES-—NWN direction.
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Fqke No. 25.  Dee. 8,1887 : 8.3.0 p.m.

Not observed at the Cent. Met. Observatory :—
¢ Hitotsubashi. | -

Duration=60s, The motion was chiefly in the £ 77 direction.

Max. 2a=0.2mm, 7 =0.8s; V=0.8 mm/y 4 =62 mm/

The average penod was 0.8s.

Hongo.

Duration=70s. The motion, which consisted of regular gentle
vibrations, was greater in the NS than in the EJV direction ; there being
no vertical component.

Max: 2a=0.2mm, 7', =0.5s; V=13 mm/; 4=15.8mm/g

The average period, deduced from 88 vibrations in the NS ‘com‘po—

nent, was 0.46s.

Eqke No. 2. Dec. 11,1887 ; 9.55. 47 p.in.
Observed as a tremor at the Cent. Met. Observatory.

The Duplex Pendulum at Hitotsubcshi recorded mot1011 chiefly in the

‘A SE—NW direction.
. | Eqke No. 27.  Dec. 14, 1887 ; 10.55.9 p.m.

Observation at the Cent. Zlfet Obser vatom/ —
Duration. 150s. ’
' Direction. SES—NWN.
Max. HM. 0.3mm(period=2s).
Character. Gentle.

The Duplex Pendulum at Hatotau’»aslza recorded motion chiefly in the
ENE—WSW dix ection.

Eqke No. 28. Dec. 16,1887 ; 8.28.21 a.m.
Observation at the Cent. Met. Observatory :—
Duration. 120s. |
Direction. ESE—WNW.

- Max. HM. 2.5mm(period=1.5s).

"Max. VM. 0.3mm(period=0.4s).
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Character. Quick.

Remark. The preliminary tremor lasted for 7s, when the horizon-
tal motion became suddenly active, the vertical motion appearing at the
same moment. After 10s the intensity began gradually to diminish.

Hongo.

Horizontal motion. . Duration=100s. The preliminary tremor lasted
for 3s, when the following maximum motion suddenly took place :—

Mas. 2a=2.4mm, Direction N 15°W, T.,=0.8s; V=94mm/,

A =74 ram/s?. ' ' ’

There was no corresponding prominent vibration in the vertical
component. The movements, which followed the maximum, were much
smaller ; their average period, deduced from 114 vibrations in the NS
component, being 0.563s. The ripples existed till about 23rd second.

Vertical motion. Duration=>50s. For the first 18s, the motion con-
sisted of nearly uniform quick Vibmtioﬁé, there béing no prominent
large displacement. , - B

Max. 22 =0.11mm, 7,=0.25s; V=14 mm/e 4=348mm/se

After the 18th second the motion became abruptly very small.

The two Duplex Pendulums at Hongo gave almost identical dia-
grams (4 and B in the accompanyihg figure), which show that the very
first active motion was towards E, followed by two nearly equal dis-
placements( =2.4mm)directed respectively toward NW and SE. . The

rest of the shaking was small.

E

'Eonga .

Honago.
g ©)

Hetotsubashz .
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The Duplex Pendulum at Hitotsubashi gave a diagram (C in the
accompanying figure) very similar to those at Hongo; the maximum

motion(=2.8mm) was directed toward SW."

Egke No. 29. Dec. 17,1887 ; 0.17,8 a.m.
Observation at the Cent. Met. Observatory :—
Duration. 10s.
Max. H.M. Small.
Character. Qnuick.
Hitotsubasli.
The Duplex pendulum gave a very simple diagram, the motion being
dn two mutually rectangular directions, namely, E—W and N—S.
Max. 2a=0.3mm. ' ‘
Hongo. ‘
Duration=40s. The motion consisted of small géntle horizontal
shakings, the vertical motion being very slight.
Max. 2a=0.2mm, 7.=0.Ts; V=0.9 mm/; 4=81 mm /g »

Eqke No. 30. Deec. 17,1887 ; 6.18.22 a.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 31. Dee. 17,1887 ; 11.41.14 p.m.

Observation at the Cent. Met. Observatory :—

Duration. 10s. '

Direction. E— V.

Max. H. M. 0.25s (period =0.6s)

Character. Gentle.

Hitotsubashi.

Duration =85s. .

Max. 2a=0.2mm, 7,=0.8s; V=08 mm/g 4=6.2 mm/s.

The average period was 0.71s. _ } _

The Duplex pendudum Hitotsubashi at indicated movements chiefly
in the ZSE—IWN W direction.
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- Hongo.
- Horizontal motion. Duration =45s.
Max. 2a=02mm, 7', =0.4s; V=1.6 mm/, 4=24.6 mm/g>
The average period was 0.59s.
Vertical motion. Duration=10s. The motion was very small, the

average period being 0.03s.

Eqke No. 32. Dec. 19,1887 ;6.0.12 p.m.
A tremor observed at the Cent. Met. Observatory.

qu?se No. 33.. Deec. 21, 1887 ; 2.5.55 p.m.
Observation at the Cent. Met. O[)s&r?;a.tbrg/ —
Duration.  15s.

Max. H. M. Very small.

Eqke No. 34. Dec. 24,1887 ; 4.9.41 a.m.
A tremor observed at the Cent. Met. Observatory.

Eglke No. 35. Dec. 24, 1887 ; 7.51.88 a.m.
Observation at the Cent. Met. Observatory :—
" Duration. 60s. '
Direction. SW—NE.
Max. HM. 0.2mm(period =2s).
Character. Gentle.
Hitotsubashi.
Duration =120s.
Max. 2a=0.2mm, 7,=0.8s; V'=0.8 mm/g 4—6.2 mm/q-

The average period was 0.78

Eqke No. 36. Dec. 27,1887 ;—— ;
A very small earthquake, not observed at the Cent. Met. Observatory.

Hitotsubashi.



MACRO-SEISMIC MEASUREMENT IN TOKYO. I. 23.

Horizontal motion. Duration=83s. The motion was slightly larger
in the E'W than in the NS component.

Max. 2a=0.1mm, 77,=0.7s; V—-——O5nlm/q A= 4:111111/‘3

There was no vertical motion.

According to the Duplex Pendulum diagram at Hltotsubashl there
were two principal directions of motion, namely, £~ and N-S, the mo-
tion in the former direction beiﬁg greater than that in the latter. This
may indicate that the earthquake origin was towards £ or W of Tokyo

and gave rise to the normal and transverse sets of waves.

Lake No. 37. Dec. 31,1887 ; 1.24.45 a.m.
A small shock observed only at the Cent. Met. Observatory.

Ligke No. 38. Jan. 1,1888; 3.31.38 p.m.
Hitotsubashi.
Duration=100s. The motion, which consisted of perfectly regular
vibrations, was much greater in the NS than in the EW component,
there being no vertical motion. The earthquake began very gently, soon
reached the maximum, and then gradually decreased. o , |
Max. 2a=0.28 mm'in the W and 0.2 mm in the NS component
T=009s; V=1. 0 mm/y 4 =68 mm/g
The average period of vibration (NS component) was. as follows —
25 vibrations during the' first 22.55 gave an aver. period of 0.90s ;
24 Cas 0y , next 20.4s
46 o ,», 88.2s in the very end palt of the emthqudLe
gave an aver. period of 0.83s. :

Qe -
bE S0 2 2 O 8‘)S

Thus the pemod remained ver y neary constant becoming, however,
Shghty shorter towards the end.

Ef_ﬂce No.39. Jan, 11,1888 ;'8.50.36 a.m.
This was an earthquake of moderate intensity.
Observation at the Cent. 7![615 Observatory.

Dur afclon =60s.
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" Divection. ESE-WNW.
Max. HM. 0.4mm (period=1.8s).
Max. V.M.
Character.  Gentle.

Hitotsubashi. _
Duration =120s. The motion was much greater in the NS than in

the LW direction, there being no vertical component. The following:
maximum motion oceurred at about 2s after the commencement :—

Max. 2a=0.6mm, T =0.79s ; V=24mm/; 4=19 m.m/s.‘v’

Each horizontal ‘component motion consisted of a series of very
regular simple harmonic vibrations. In the NS component, the
amplitude was great at the commencement, then became small, and then.
again increased, etc., thus presenting a series of maximum and minimum
groups. The maximum displacements occurred at 2s, Ts, 26s and 43s.
respectively after the commencement. The relation between the 2a and

T of vibration in the NS component is given in the following table.

HITOTSUBASHI : &S COMPONENT.

23 (mm) - "T {sec.) ; 2a (mm) T (sec.}
0.5 091 0.3 0.74\
0.5 ? 0.89 _ 0.3 0.78
0.4510.45 (mean)| 0.8710.89 (mean)| 0.3 0.76
0.45 0.87 | 0.3 0.79
0.43 0.91 1 0.28 0.69{
0.40 0.87 0,28 0.87
0.40 1 0.87 | 0.2510.27 (mean) 0.7410.78 (mean)
0.38 0.87 - 0.25 0.71{ - ,
0.38 1 0.87 0.25 1 0.74
-0.38 0.84 0.25 1081
0.38 0.80 ’ 0.2§ 1 0.87
ggg 10.38 (mean) 883 +0.88 (mean) 83; 833
0.38} _ 0.88 0.2 0.74
0381 - 0.78 0.2 0.80
8%2 83? | 83 +0.19 (mean) 8% +0.77 (mean).
0.35 0.99 0.2 1 0.81 '
0.35) 0.99/ | 0.15 0.72
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The measurement in the above table was taken from the earlier por-
tion of the earthquake. Towards the very end, the mean period was 0.78s.
The above table indicates a slight variation of the period with
amplitude. The period, however, remained on the whole constant.
Thus, éfranging the 37 vibrations given in the table in order of time, the
first 19 give an average period of 0.82s, while the remaining 18 give an
averdge period of 0.84s.
Hongo. : ‘ _
Horizontal motion. Duration=05s. As at Hitotsubashi, the motion®
was much greater in the NS than in the £ component.

Max. 2a=0.32mm, 77, =0.48s; V=21 mm/; 4 =28 mm/;.

In the NS component, which was greatest at the commencement
~ and indicated a series of alternations of maximum and minimum- groups,
the motion consisted of regular simple vibrations, whose average period,
deduced from 51 vibrations, was 0.43s. In the KWW component, the
motion, which was ab first irregular, became afterwards regular and had
an average period of 0.77s. o

The ripples which existed in the earlier part of the E'W component
had an average period of 0.17s.

Vertical motion. ~Duration=22s. )

The motion, which was most active at the commencement and thence
gradually decreased, consisted of very small regular vibrations, whose
average period, deduced from 27 vibrations, was 0.17s. |

Max. 2a=0.06mm, 7' =0.19s ; V=1mm/; 4=33 mm/q2

It will be observed that, in this case, the period of vibration of the

vertical motion was equal to that of the ripples in the EWW component.

Egke No. 40. Jan. 13, 1888 ;——
Hitotsubashz. | ‘
This was a very small earthquake, chiefly in the E'W component.
The average period, deduced from 45 vibrations in the EW cdmpo-
nent, was 0.64s, : | '
Egke No. 41. Jan. 14,1888 ; 5.31.55 p.m.
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Observation at the Cent. Met. Observatory :'—— =
Duration.  15s. B
‘Direction. E-W.
Max. HM. Small.

- Max. V.M. Very small.
Character. Quick.

Eqke No. 42. Jan. 27,1888 ; 10.5.33 a.m.
- Observation at the Cent. Met. Observatory : —
Duration, 10s.
Direction. N-8S.
‘Max. HM. Small.
Character. Gentle.
Hitotsubashi. - e
Duration=60s. ' The motion was almost exclusively in the & W
direction, there being no vertical ‘compoaent. The diagram - consists of
regular simple harmonic curves. S
Max. 2a=0.38mm, 7,=0. 91s; V=13 mn/; 4=91 mnm/s>
The average period, deduced from 11 vibrations in the EW com-
ponent, was 0.89s, '
_ The Duplex Pendulum at Hitotsubashi recorded movements almost

entirely in the EW direction.

Eqke No. 43. Feb. 2,1888; 1.15.15 p.m.

This was the first and strongest. of the four earthquakes which
occurred on the afternoon of the 2nd of February. '

Observation at the Cent. Met. Observatory :—

Duration. 228s.

Direction. ESE—WNW.

Max. HM. 13mm(period=3.7s ‘?)

Max. V.M. 0. S5mm.

Character. Quick.

Remark. The earthquake began with tremors in the EW direc-
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tion, the tremors in the VS component occurring 11s later on. At 23rd
second, large movements began to appear in the W component, accom-
panied by active vertical movements, while -in the NS component the
motion became large first at the 33rd second. The maximum. vibration
oocurred at the 42nd second, the motion remaining still active for the
‘next 63s. ' “ :

Area of disturbance. . The earthquake, whose total land avea of distur-
bance covered 3420 sq. 74, was felt in the following 16 provinces : Hitachi,
Shimosa, Kazusa, Awa, Musashi, Sagami, Kai (eastern part), Suruga

(north-eastern portion), Shinano (eastern portion); Kozuke, Shimotsuke,
Echigo(eastern portion), Iwashiro, Iwaki, [Uzen (south—eastern portion)
and Rikuzen (southern part).

The area of strong motion was 450 sq. 7 and included the provinces
of Hltachl (southern part), Shimcsa, Kazusa (nmtheru p01t1011) and Mu-
sashi (eastern portion). The motion was felt very stlongly in the
Kajima District of Hitachi, where the direction was SE-NW or S-N.
and where liquids were thrown out. In Kaijo District of Shimosa the
earthquake was less severe than that of Sept ,1887. In. Tokyo, some A
pendulum clocks were stopped. The' ond emthquake obselved in To-
kyo at 2.23.46 p.m., was less strong and was felt in the elght provinces
of Hitachi, Kazusa, Shimosa, Musashi, Kozuke Shimotsuke, Twaki and
Twashiro. The 3rd earthquake, observed in Tokyo at 3.0.14 p.m., was
in some places folt weakly; the area of disturbance mcludmg the five
provinces of Hltachl, Kazusa, Slumosa, Musashi and Shimotsuke. The
4th earthquake, observed in Tokyo at 3.41.27 p.m., was felt strongly in
the southern part of Hitachi and ths eastern part of Shimosa; the area
of disturbeihée_ including the following 12 provinces: Hitachi, Kazusa,
Awa, Musashi, Shimdsé, Saga,mi, S}limot811ke, Kozuke, Iwaki, Twashiro,
Uzen and Rikuzen. - ' ’
' 'Hongo‘. "

Horizontal motion.

Duration=130s (E w component) ;
” =110s (NS ’ ).
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The preliminary tremor lasted 3.6s in the W and 7.2s in the NS
component.

The motion, which was larger in the E'W than in the NS component,
consisted in the latter of moderate vibrations, which were at first irregular
but afterwards became regular and neary constant in amplitude, there
being no very prominent wave. " In the EW component, there were some
large movements, the motion being more complicated than in the other
component. | _ ,

The maxima did not occur simultaneously in the two components,
the EW maximum happening earlier than the NS one. The times of

occurrence of these displacements were as follows :—

EW COMPONENT.

y 1st Max. occurred 3.6s after the commencement,. ... (1)
ond  ,;  , 108 , . ,oo(2)
3rd »  17s o, - s (3)
4th . 28, Y
NS COMPONENT. v
1st Max. occurred 7.2s after the commencement,....(1’)
9nd . 1Ts b (29)
3rd ,, »  24s » e -(37)
4th » Sls o, ” e oo (4))
If the displacements (1) to (4) in the EW component be regarded
as corresponding respectively to the c'lisplaycements (1)....(4") in the

NS, we may conclude that the waves of the former component reached
in the mean about 6s earlier than those of the latter. Now, as the
origin of the earthquake was situated due east of 'Tokyo, the EWW com-
ponent would correspond to the normal wave and the NS .component to
the transverse wave. '

The absolutely maximum motion, which occurred about 17s after
- the commencement was the following.:—
Max. 2a=2.0mm, Direction W20° N, T, =1.38s; V=4.8mm/g

A=93mm/eo.
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Then there followed a counter displacement of nearly equal amplitude

towards the opposite direction. ~(See the annexed diagram.)

SC—

I/ R

The periods of vibration in the two corhponents are given next.—

In the EW component the average period of the ripples, which
existed in the earlier part, was 0.16s; in the NS component the corres-
pondir‘l‘gr period was 0.13s. In the former component, the ripples lasted
about 20s. The average period of vibrations in the end portion was.
0.86s in the EW and 0.47s in the NS component.

Vertical motion. Duration=234s.

The motion was nearly uniform, there being no preliminary tremor.
‘The max. 2a was the following :—. '

Max.22=0.18mm, 7', =0.43s ; V=1.3mm/s 4=19mm/s>

This occurred 11s after the commencement, there being a second
maximum 5s later on. These movements did not occur simultaneous-
ly with the maxima in the FEW direction the period being also
widely different in these two components, which seemed to be totally
independent of each other. This fact shows that the vertical motion was
not, in this case, the vertical componént of the normal wave.

The average period deduced from 30 vibrations was 0.29s.

- The Duplex Pendulum at Hongo indicated motion chiefly in the
directions ESE-WNW and NEN-SWS, the former component being
the predominating one.

Hitotsubashs.
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The Duplex Pendulum indicated the max. 2a of about 5.0mm, the
principal directions being #-W and NEN-SWS. =~ &«

Egke No.44. Feb. 2, 1888 ; 2.23.46 p.m.
Observation at the Cent. Met. Observatory :—
Duration. 109s.
Direction. E-W. _
Max. H. M. 0."Tmm (perio&l# 1.4s).
Character. Gentle. |
Hongo.
The motion was chiefly in the Z/# component, the max.2a being

02mm. There was no vertical motion.

Egke No.45. Féb. 2, 1888 ; 3.0.14 p.m.
- A tremor, observed only at the Cent. Met. Observatory.

Egke No.46. Feb. 2,1888;3.41.27 pm.
Observation at theUent. Met. Observatory.
Duration. 45s. S
Direction. WSW-ENE.

Max. H. M. 3.8mm (period=2.4s).
Max. V. M. ”
Character. Gentle.

Remark. The earthquake, which began with small movements,

became active the at 42nds there being 12 'prir;cipa,l vibrations "during
the next 14s. The motion decreased gradually from the 74th second.
Hovigo. : b ‘ o o

The motion was moderately large and sharp, the character bemg on
the whole similar to that of eqke No. 43.
Horizontal motion. The amplitude was nearly equal in the two com-
ponents. ‘ ’ '

Duration=115s (EW component) ;

”» = 8bs (NS w )
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The earlier pait of the E W component consisted entirely of ripples,
while the corresponding portion of the VS componert consisted of slow
large vibrations superposed with ripples; so that the ground ‘moved
-during the first 15 seconds sensibly in the N.§ direction and thereafter
more in the EW direction. The average period of the ripples was 0.19s
in the ZW and 0.16s in the NS component. = - ' '

- Max. 2a=0.6mm, 7,=0.87; V=928mm/[s 4=31mm/q. | .
After the disappearance of the superposed ripples the vibrations in

each component became regular, the average period being 0.81s in the
EW and 0.48s in the NS component.

Vertical motion. Duration =26s.

The motion consisted of very small vibrations, whose average period
‘was 0.23s. , | G o

Max. 2a=0.06mm, 7, =0.4s; V=0.bmm/; 4=8wum/s.

Duplex Pendulum. The motion was chiefly in the EW and NS
directions. ‘ BT : - '

Fqke No. 47. Feb. 3, 1888 ; 2.31.56 p.m.
. This was a very small tremor, recorded by the Duplex Pendulum at
Hongo.

Eqke No. 48. TFeb. 5, 1888 ; 0.50.56 a.m.

This was a very extensive earthquake, whose origin was near the
‘Tsugaru strait; Tokyo being on the edge of the shaken area.

Observation at the Cent. Met. Observatory :—

Duration. 60s.

Direction. SW-NE.

Max. H. M. 1.6mm (period=2.1s).

Character. Gentle.

Area of disturbance. The land area of disturbance was 9000 sq. 7
and extended from Hokkaido on the north down to Kazusa and. Musashi

on the south, including the following 23 provinces :—Oshima, Shiribeshi,
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Tburi, Hidaka, Tokachi, Kushiro, Nemuro, Ishikari, Kitami (south east-
ern part), Teshiwo (southern portiop), Mutsu, Rikuchu, Ugo, Uzen,
Rikuzen, Iwaki, Hitachi, Shimosa, Iwashiro, (eastern part), Shimotéuke,
Kotsuke '(south—eastérn portion), Musashi (eastern portion), Karusa
(northern part). The shock was felt strong in Mutsu(northeastern part),
Oshima (eaétern portion), Tburi (south-eastern portion), Hidaka(southern
part) and Tokachi (south-western portion). No severe damage, however,
was produced. | '
Hitotsubashi. -

Duration=120s. There was no vertical motion. ,

The motion began gently with extremely small undulations, whose
period was, however, not shorter than that in the principal portion. In
the NS component, the chief motion appeared about 40s after the com-
mencement,. - : |

Max. 2a=1.0mm, 7. =0.57s; V=>5.bmm/s A4-—=60mm/s2

The average period, deduced from 68 vibrations in the NS compo-
nent, was 0.45s. '

The Duplex Pendulum indicated motion chiefly in the NS and
EW directions. ' '

Hongo.
The amplitude of motion was nearly equal in the two horizontal

components. The period of vibration was as follows : —

LW component........ Aver. period =0.84s (deduced from 19
vibrations); |
NS component........ Aver. period:O.éL'?s (deduced from 23
' ‘ vibrations). | -

Eyke No.49. TFeb. 10, 1888; 8.26.55 p.m.
Observation at the Cent. Met. Observatory :—-
Duration. 10s.

- Direction. NE-SW.
Max. H. M. Small.
Max. V.M. —
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Character. Quick.
Hitotsubasla.

Duration=25s. The motion cousisted of very small slow undula-
tions which were nearly equal in tlie two horizontal components. No
vertical motion. ' -

Max. 2a=0.26mm, 7, =0.6s; V=1.3mm/s 4 =13mm/s

The period of vibration was as follows :

LTV component ... ... .. Aver. period =0.78s (deduced from

' 3 vibrations) ; '
NS comporent ... ..., Aver, period =0.7s (dednced from
16 vibrations).

The Duplex Pendulum gave a very simple. diagram, {he motion

being chiefly in the NS direction and to a slight amount in the £V

direction.

Lgke No. 50. Feb. 10, 1888 ; 56.8.7 p.m.

Observation at the Ceni. Met. Observatory.

Duration.  12s '

Direction. E-W.

Max. H M. Very small.

Hilostubasha.

Duration =80s. The motion was chiefly in the NS dirvection, there
being no vertical component.

Max. 2a=0.25 mm, 7 =0.62s; V'=1.3mm/; 4=129mm/g

The movements were very small and constant in period, the ave-

rage value, deduced from 21 vibrations in the NS component, was 0.70s.

The Duplex Pendulum at Hitotsubashi gave a very simple diagram,
which consisted of only a few movements in the NS direction.

Hongo.

Duration =35s. The motion was very small, there being no vertical
component.
Max. 2a=0.15 mm, 7', =0.5s; "=0.94 mm/s 4 =12 mm/q»



34 © T, OMORI:

'T'he Duplex Pendulum at Hongo indicated movements chiefly in
the £ W direction.

Eqke No. 51. TFeb. 11,1888 ; 3.35.56 p.m.
Recorded at the Cent. Met. Observatory as a slight shock.
Hongo.
Duration=40s. The motion, which was very small, occurred equally

in the two horizontal components.
Max. 2a=0.1 mm, 7' ,=0.5s; V=0.6mm/s A4=T9mm/q

Eqke No 52. Feb. 13,1888 ; 11.33.44 a.u.
| Observation at the Cent. Met. Observatory : —

Duration.  25s,

Direction.  N-8S.

Max. HM. Small

Chavacter. Gentle.

Hitotsubashi.

Duration =40s. The motion consisted of very small vibrations,
whose average period, deduced from 12 vibrations in the NS component,
was 0.52s.

Max. 2a=01mm, 7,=0.45s; V=0.7 mm/s 4=10mm/g2

The Duplex Pendulum at Hitotsubashi indicated movements chiefly
in the NS direction.

Hongo.

The diagram indicated very small movements.

Eqke No. 53. Feb. 15,1888 ; 3.43.38 p.m.
Observation at the Cent. Met. Observatory :—
Duration.  30s.

Direction. E-W.
Max. HM. Very small.
Character. Gentle.

Ihitotsubashe and Hongo. Motion was very small.
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Eqke No. 54. Feb. 17,1888 ; 0.16.17 p.m.
Observation at the Cent. Met. Observatory : —
Duration.  50s.

Direction. LI -1,

Max. HM. Very small.

Character. Gentle.

This earthquake was not felt at Hongo.

Eqke No. 55. TFeb. 18,1888 ; 6.13.45 p.m.
Observation at the Cent. Met. Observatory : -
Direction. E-TV.

Max. HM. Very small.
Character. Gentle.

Egke No. 56. Feb. 22,1888 ;' 10.24.43 a.m.
Observation at the Cent. Met. Observatory :—
Duration.  90s.
Direction. N-S.
Max. HM. 0.7mm(period =3.2s)
Character. Gentle.
Hitotsubashi.
Duration=120s. This was a moderate earthquake, the wmotion be-.
ing at first somewhat greater in the NS than in the ZI¥ component.
Max. 22 =0.45 mm, T,=0.78s; V'=18mm/s 4=14 mm/q.
The average period in the NS componeut was 0.67s.
Hongo.
Duration =100s. The motion was chiefly in the NS direction, th=1e
being no vertical motion.
Max. 22 =0.24 mm, 17,=0.79s ; V=0.95 mm/; 4 =75mm/;>

The average period in the NS component was 0.74s.

Lge No. 57. TFeb. 22,1888 ; 11.10.50 p.m.
Observation at the Cent. Met. Observatory :-—
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Duration.  10s.
Direction. N-S.
Max. HM Very small

Characler. Gentle.

Eqke No. 58. TFeb. 24,1888 ; 2.7.6 a.m.

Observation at the Cent. Met. Observatory :—

Duration. ——

Direction. E-W.

Max. HM. Very small.

Ciaracter.  Gentle.

Hitotsubashi.

Duration - 120s. The motion, which consisted of regular vibrations
of constant period, was almost entively in the LW direction, there being
no vertical component.

Max. 20=04mm, 7 -0.84s; V=1.0mm/g 4=11 mm/q2

The avearge period, deduced from 87 vibratious in the EIV com-
pouent, was 0.85s,

Hongo.

Duration =25s. This was a very small earthquake, the motion

being almost entirely in the NS component. There was no vertical
. motion.

Max. 2a=0.12 mm, 7,=0.52s; V=073 mm/; 4=9mm/s.

The average period, deduced from 30 vibrations in the NS com-
ponent, was 0.46s,

Eqlke No. 59. March 1,1888; 3.30.15 p.m.
Observation at the Cent. Met. Observatory : —
Duration.  88s.

Divection. WSW—ENE.

Max. HM. Small.

Character. Gentle.
Hitotsubashi.
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- Duration=100s. The motion, which was very small, was chiefly in
the ETW component, there being no vertical component.
Max. 2a=0.4 mm, T, =0.Ts; V=1.8mm/; 4=16mm/s»
The average period, deduced from 25 vibrations in the FW com-

ponent, was 0.71s.

 Eqke No. 60. March 1,1888; 9.54.12 p.m.

Observation at the Cent. Met. Observatory : —

Duration.  30s.

Direction. N-S.

Max. HM. Small.

Max. V.M. ——

Character.  Quick.

Hongo.

Horizontal motion. Duration=16s.

The motion consisted of a series of extremely small quick vibrations,
and was almost entively in the W component, the average period being
0.23s.

Max, 2a=0.1mm.

Vertical motion. The duration was very short.

The motion was very small, the average period being 0.17s,

Lqke No. 61. Maxrch 9,1888; 4.54.16 a.m.

Observation at the Cent. Met. Observatory : —

Duration.  25s.

Direction. NWN—SES.

Max. H M. 0.4 mm (period =0.2s).

Max. VM., ——

Character. Quidk.

Remark. For the first 3s, the vibrations werc quick. Then follow-
ed suddenly the most active part of the motion, which lasted 2s.
Thereafter the vibrations became again abruptly small.

Hitotsubashe,
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On this occasion, the motion at Hitotsubashi was smaller than that at
Hongo. '

Horlzontal motion. Duration (obscured). The motion was chiefly in
the EW component.

Max, 2a=0.32 mm, 7, =0.86s; V=12mnmm/s 4=9 mn/s:

Vertical motion. The motion was very slight.

Hongo.

Horizontal motion. Duration =30s.

The motion occurred equally in the two horizontal components and
cousisted of very quick vibrations. The principal portion lasted only for
a few seconds, the subsequent motion being muclh smaller.

Tax. 2a=0.32 mm, 7,=0.3s; V=84mm/y A==T2mm/s-

In the E'TV component, the average period was at first 0.18s, but
towards the end 0.37s.

In the NS component, the period remained constant, the average
value being 0.19s.

Vertical motion. Duration=12s. The vertical motion existed in a

comparatively large amount. The following maximum motion

occurred at the commencement.

Max. 2a=0.07mm, 7,=0.20s; V=09 mm/;, 4=21mm/;.

The average period of vibration was at first 0.12s and towards the
end 0.16s.

In this case, there was apparently parallelism between the horizon-
tal and vertical components, both being maximum at the commencement

and also of nearly the same period.

Fqke No. 62. March 16,1888 ; 6.43.0 a.m.
Hitotsubasin _
Hovizontal motion. - Duration =100s. The motion, which was almost
entirely in the E'WW component, began very gently and remained nearly
“constant in amplitude through a considerable interval of time.
Max. 2a=0.4 mm, 7, =0.74s; F'=1.Tmm/s A4 =15 mm/s.

The period 1emained constant, the average value, deduced from 38
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vibrations in the EW-component, being 0.85s:. .~ o _
‘Vertical: motion. There: were only very' slight traces of vertical
motion. " 7 '
Hongo. -
Horizontal - motion. - Duration=70s. The motion, which was very
small, occurred equally in the two horizontal components.

- Vertical motion. The motion was very slight.

Eqke No. 63. March 17,1888 ; 7.55.36 p.m.
‘A tremor, observed only at the Cent. Met. Observatory.

FEqke No. 64. April 1,1888; 6.17.8 a.m.
Observation at the Cent. Met. Observatory :—
Duration.. —— ‘

Max. HM. V. ry small
Character. Gentle.

Fqke No.6s. April 5,1888; 2.30.29 p.m.

Observation at the Cent. Met. Observatory :—

Duration.  120s. ; :

Direction. SE-NW.

Max. HM. 1.2mm (period=0.7s).

Max. V.M. 0.5 mm (period =0.3s).

Character.  Quick.

Remark. The earthquake began with horizontal and vertical tre-
mors which lasted for 10s. Then the motion became suddenly great,
remaining active for the next 30s. This earthquake, notwithstanding
the smallness of amplitude, was felt violently, probably because it was
accompanied by quick  period vertical vibrations throughout the whole
duration. ‘ ‘

Area of disturbancz. The total land area of disturbance was 4060 sq.

ri and extended over the following 16 provinces:— Hitachi, Shimosa,
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Shimotsuke, Kazusa, Muasashi, Awa, Sagami Kotsuke, Izu, Kai, Iwaki,
Iwashiro {southern part), Rikuzen (southern. portion), Ichigo (southern
portion); Shinano (eastern part), Suruga (eastern part). The motion was
strong within an area of 690 sq. ¢ which included Hitachi(central portion),
Shimosa (north-western part), Musashi (north-eastern. part), Kotsuke
(eastern portion), Shimotsuke (southern part). The shock was felt very
violently in the Makabe Distriet of Hitachi, where workmen on house
roofs had difficulty in supporting themselves on account of sudden power-
ful vertical movements. Again, in the Kawachi Distriet of Shimotsuke .
the motion was very »violent,. and shoji and other sliding doors were
almost thrown down. The dirvections of motion in the strongly shaken
area were mostly SE-NW or S-N. No severe damage was produced.
Hitotsul ashi. '

Horizontal motion. Duration =150s,

The motion at Hitotsubashi, which was somewhat greater in the ETV
than in the NS component, cousisted of regular vibrations not so much
superposed with vippies as at Hongo. The NS component began with
preliminary tremor, which lasted for 8s. The EW component, however.
was already well pronounced at the commencement, so that the ground
moved at first chiefly in the KTV direction. .

The motion consisted of a great number of vibrations whose ampli-
tude remained nearly equal for a considerable interval of time, and whose
period romained constant till the very end. The {ollowing maximum
vibration, neaily in the EW directioi, took place 18 seconds after the
commencement :—

Max. 2a=2.0 mm, 7, =0.77s; F=8.2mm/; 4—(7 mm/,

The relation between the 2a and 7' of the horizontal vibrations is

given in the next table : —
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" 2a (mm) ‘

24, (inm) _ T (séé.) T (sec.'}

2.0 0.77, "
2.0 l , 0.77) ' I 1.0 080
1.9 0.77 1.0 0.63
1.8 1.9(1118&11) 0.92 O.SO(meﬂ:n) 1'0 0.84: |
18 0.84 - 10 {oos 1069 (75
1.8 0.71 1.0 (mean) 0.80 (meani)
1.6 0.84 0.95 o 0.69
1.5 0.702 0.95 0.73 )

= 0.93 0.54
]iz 1.45(mean) 823 ‘0 .77 (mean)
1.4 0. 84:& ' ' i
1.3 0.73 0.9 0.71
1.25 - 0.84 0.9 0.84
1. 25@ 0.80? 0.9 0.71
1.2 0.70 0.9 0.84
1g [ L2Amean) | g7y 0.T3(mean) | rgs 0.65
1.15 0.69 0.83F 0.78 0.70% 0.73
1. 15 0.65 0.75| (mean) 0.65| (mean)
1.1 0. ()9' -0.75¢y - - 0.84
11 0.77 0.75 0.80
1.054 1. 07(mea,n) 0.92 - 0.73(mean) | 0.5 0.63
1.05 0.72 0.5 0.65
1.05

0.84

The measurement given in the above table has been taken from the

first 50 s of the diagram.

deduced from 10 vibrations, was 0.70s.

Towards the very end, the average period,

The relation between the 2a and 7 given above relates to the' resul-

tant vibrations, that is to say, the 2a was obfained in -each case by com-

pounding the corresponding displacements in the two directions.’

take the two components separately, the result is as follows :—-

Tf we

- In the ETW component, the average psriod, dednced from 150 vibra-

tions during the first two minutes was 0.75 s, while that deduced from

14 vibrations at the very end was 0:.77s.

In ‘the - NS ‘componert, ‘the

corresponding average periods, deduced respectively from 83 and 8 vibra-

tions, were 0.77s and 0.80s.

given in the above iable, which give a mean period of 0.76s. -

These values are nearly the same as those
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Vertical motion. Duration==50s.

The vertical motion beg‘an‘ with preliminary tremor whose duration
was nearly equal to that in the NS component, the motion being well
pronounced during the first 20s. The following maximum vibration
occurred about 11s after the commencement, simultaneous with a large
horizontal displacement in the E'W direction :—

Max.2a=0.6 mm, 7' =0.65s; V=29 mm/s 4=28 mm/s-

The relation between the 2a and 7' of the vertical motion was as

follows.
HITOTSUBASHI : VERTICAL MOTION.
2a (mm) T (sec.) 2a (mu.) T (sec.)
0.6 0.65
0.5 0,60 0.21 0.51
0.36 043 0.21 0.57
0.33 0.44 0.21 0.60
0.3 . 0.46 0.14 o 0.48\ |
03 | 0.3(mean) 0571 0.49(mean) || () 140.13(mean)| (.51 } 0.49(mean;
0.26 0.43 0.14 0.46
0.21 0.40 very 0.34
0.21. 0.43 e 0.37/
0.21/ 0.51

.Thus in this earthquake the period of the vertical vibrations, which
remained on the whole constant, was much slower than is usually the
case. \

Hongo.
Duration =110s.

The motion began with prelimina.ry tremor of a very short duration. !

Horizontal motion.

There was no single prominent maximum, but the earthquake consisted
at first essentially of quick sharp vibrations or ripples of an average
period of 0.2s superposed on slow undulations ; the ripples subsequently
. disappearing. The motion was somewhat larger in the NS than in the
EW component. \ :

Max. 2a=1.4 mm, 7',=0.71s, Direction nearly NEN, V=62mm/
A=55mm/g2
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The two largest ripples were as follows :—

(1) 2a=0.54 mm, 7'=02s; V=85mm/y 4=970mm/ -

(2) 2a=0.74 mm, 7'=024s; V=97, , A4=250 ,,

The ripples lasted for 25s.

The average period of the undulations, which became regular after
the disappearance of the ripples, was as follows : —

EW component . ... .. 0.57s (deduced from 50 vibrations);
NS -, 0.78s ( ,, , 49 ’ ).

I may here note that the earthquake of March 9th 1888 was
moderately severe, but the minute ripples, which constituted its com-
mencement and principal portion, were far smaller than those oceurring
in the earlier portion of the present earthquake. It may, therefore,
be supposed that the severity of shocks at Hongo is largely due to ripples.

Vertical motion. Duration=25s. | :

The vertical motion, which was active from the commencement,
consisted of nearly equal minute vibrations whose period was approx-
imately constant and had an average value of about 0.2s. There was no
single prominent wave. "

Max. 2a=0.14mm, 7, =0.24s; V=18mm/,  4=48mm/.

The origin of the earthquake was nearly due north of Tokyo. From
the analysis of the diagrams at Hongo and Hitotsubasli given above it
seems that the vibrations were not distinetly divided into _t-he(nm*nwl

and the transverse waves.

Eqke No. 66. April 8, 1888; 2.22.32 p.m.
A tremor observed only at the Cent. Met. Observatory.

Lqke No. 67. April 7, 1888 ;——
Hitotsubashi.
Duration=40s. The motion which consisted of perfectly regular
vibrations was chiefly in the F I direction, there being no vertical com-

ponent.
Max. 2a=0.38mm, 7 =0.83s; J'=14nm/; 4=10mm/q-
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The average period deduced from 25 vibratior < in. the KW compo-
neut was 0.78s.
Hitotsubashz.
The average period, deduced from 20 vibrations in the KW com-

ponent, was 0.F9s.

Eqke No.68. April 16, 1888:11.6.43 p.m.
A tremor observed only at the Cent. Met. Observatory.

Eyke No. 69 April 29, 18€8; 10.0.33 a.m.

Observation at the Cent. Met. Observalory: -

Dauration = 8m,

Direction. SE-NW.

Max. HM. 5.6mm (period =0.8s).

Max, V.M. 1.5mn (period =0.6s).

Character. Quick.

Remark. The ' earthquake began with horizontal and vertiesl
. tremors, which lasted for ,12s, when the maximum horizontal motion
suddenly took place. The maximum vertical motion occurred at the
17th second, the total duration being 1m 14s. The horizontal motion
remained more or less active for the first 3 minutes.

Area of .disturbance. -The total land area of disturbance, which was
unusually large, was 5080 sq. 77 and extended from the Pacific to the
coast of Tchigo, including the following 20 provinces :—Musashi, Sa-
gami, Izu, Suruga, Totomi, Kai, Kotsuke, Shimotsuke, Hitachi, Kazusa,
Awa, Shimosa, Iwaki, Iwashiro, Shinano, Rikuzen(southern portion),
Uzen (southern portion), Echigo (central part), Mikawa (eastern part).
The area of strong motion was 1930 sq. i and included the 12 provinces
of Musashi, Sagami, Izu, Suruga(eastern part), Kai(eastern part), Shina-
no (eastern portion), Kozuke (sonth-eastern part, Shimotsuke (southern
part), Hitachi (southern part), Shimosa (western part), Kazusa (western
portion), Awa (western part). Within this area some slight damage was

produced, such as cracks and subsidence of embankments(Nasu District,
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sShimotsuke); cracks of walls(Utsunomiya and Shimo-tsuga District, Shi-
motsuke) ; overturning of furnitures(Tokyo and Kita-Saitama Distriet,
Musashi); overﬁowmg of liquids (Kuraki District, Musashi; Minami-
Saku District, Shinano ; Izu ; Haga Distriet, Shlmotsuke\ stopping of
pendulum clocks (Izu ; Minami-Saku District, Shmano.)
Hoﬁzo7ztal motion. Duration:ém. _ o
The earthquake began \\rjitll preliminary tremor, which lasted  for

about ‘158 during which the motion in the EW direction was much

.greater than that in the NS direction just as was the case with the earth-
quake of April 5,1881. The earlier portion of the shaking was super-
posed with traces of ripples.'whichjvere' insignificant. At the termination
.of the preliminary tremor the following maximum motion suddenly took
place :— : . : .
Max. 2a=6.2mm, Direction from E to W, T,=1.4s; V=14mm/g
A=63mm/ g, N

 The motlon of the earth’s pmtlole at the commencement of the
principal’ portlon represented in the annexed diagram, where AB is the
maximum motion) was nearly similar at Hongo and Hitotsubashi. The
character of motion was, however, altogether di&ffefént at these two
‘places. Thus, at Hongo the principal motion consisted of a single
initial maximum vibration, followd by ripples; while at Hitotsubashi it con-

sisted of a series of large vibrations of period much slower than at Hongo.
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The relation between 2a and 7 of the horizontal motion is given in
the next table.—

HI’IOTSUBASHf : HORIZONTAL MOTION.

2a (mm) T (sec.) ! 2a (mm) T (sec.)
6.2 1.4 l
53‘} 5.5(mean) | 1.1 } 1.2(mean) %g 823\'
4.5 L1 2.8} 2.8(mean) | 1.1 }+ 0.9(mean)
4.1} 4.2(mean) 1141 O(mean) | o'g 0.9
3.9 1.1 Y )
3.6 1.1 2.5 0.84;

24

ggé 3.4(mean) 838 O(mean) gg 2.5(mean) (1)(1) &O.Qi)(mean)
3.3) 1.1 2.3) 11
8.3 0.94 9.0 0.75:
o0 e 2.0 0.75 |
ook 8.0(mean) “aqr 0.96(mean)l 1.8% 1.7(mean) | 0.83:0.77(mean)
3.0 0.98 | 16 0.63
3.0 0.83 13 0.83
3.0 0.9 :

The measurement in the above table is taken from the earlier portion

of the diagram.

In the very end portion, the average period deduced

from 24 vibrations was 0.86s,

Taking each of the horizontal components separately, the numbers

of vibrations and the average period during the successive 16.5s were as

{ollows :—

EW component.

NS component.

tﬁ)‘;?gﬁ;?fg?é’g: Average period (sec.). | t?;;?gi;;;?gg: ~ Average period(sec.).
18 0.92 ] 18 0.92
17 0.97 ‘ 19 0.87% 0.93(mean)
18 0.92 | 17 0.97
17 0.97 | |
Y
%g 89$ 0.95(mean) :
18 0.92 \
17 0.97 :
18 0.92 |
18 0.92/ 1
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The average period of vibration was thus constant,

Vertical motion. Duration == 5m.

The vertical motion existed in a considerable amount but was rather
slow in pef-iod,_thé character being very different from ﬂmt at Hongo.
Like the horizpntal motion, it begzm‘ with preliminary tremor which
lasted for a,boqf 15s, followed by large displacements exactly simulta-
neous with the horizontal components. The maximum vertical motion
oceurred slightly later than the maximum horizontal motion :—

Max. 22=0.75 mm, T, =1.0s; V=924 mm/; 4=15, mm/y,

The vertical vibrations were very slow, their period being at first
identical with ﬁhat of the horizontal. The period Iehgthened towards the
end, the amplitude remaining, however, sensibly constant. Thus the

average period was, during the first 30 seconds, 9.4s, while at the end it

was 1.7s.
ango. _
Horizontal motion.
Duration=180s...... EW component.
, =180 ......NS

The earthquake began as usual with preliuiinary tremor which lasted
for about 4s, when there occurred suddenly the following maximum
vibration :— |

Max. 2a=4.0 mm, Direction from E to W, T .=1.0s; V=13 mnm/,

A=80 mm/g2

N

The initial movement in the kprincipal portion is illustrated in th
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annexed diagcam, ab being the maximum displacement. The latter was

the only large wave in the whole earthquake, the rest of the prineipal

| porﬁion consisting of quick vibrations or ripples. Tn the end portion,
llarge slow undulations appeared. Although the greatest displacement
occurred in the EWW component, yet otherwise the motion was greater in
the N'S coﬁlponent; this being the case especially towards the end of
the earthquake. |

The maximum of the ripples, which lasted for the first 35s, was the
following :— B |

Max. 2a=1.1mm, 7.=023s: V=15mm/s A=400mm/q

The average perioﬂ of the ripples was as follows.—

EW component. , Aver. period =0.18s (deduced from 49 vibrations),

NS ” .. Aver. period =0.18s ( . .77 ’ ).

After the disappearance of the ripples, the motion became simpler
and consisted of regular vibrations. The numbers of the latter in' the
N8 component during the successive 22s were as follows :—17,19,17,19,
18..giving a mean period of 1.2s, Traces of similar waves were also to be
recognized in the earlier portion. The period of vibration in the NS
componenf; remained constant _tﬂl the very end. The average period
deduced fiom 30 vibrations in the end poition of the E w component
was 0.73s. The maximum of the vibrations in the end poi.on was the
following : — | |

2a=2mm, 7.=18s; V=48mm/, A4=093 mm/;

The relation between the 2a and 7" of the vibrations after the 7Cilx

sacond is given in"the follgwing table :—
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HONGO ; HORIZON {AL MOTION,

NS component. \ll\ L W compozent.
) 2a (mm) 1 T { sec) o ‘ T (mm) ‘\:Il\kl);‘;})mlng& Average T (sec.)
14 1.9 B ,
1.2 1.3
10 1 . I
0.8 1.1 0.94 ; 1 1.0
0.8 }0.9(mean); 2.0 Yl.4(imecan)| 0.6 . 1 0.91
0.7 1.0 0.6 1 1.3
0.7 1.4 0.5 1 0.72}
0.7 J 1.3 | 04 1 0.78
0.7 1.3 very small l 4 0.51
0.6 70.98 _— 41047
0.6 1. ()i) ) 3 0.52% 0.74
8:; 0.6(mean) % ; 1.2 moan). ' ;3 8?);
0.6 11 , . 0.58
0.6 1.5 l " 5 0.55
T B - 5| 0.69
0.4 0.76 I B 0.69
0.4 1.5 1. 2o em
0.4 1.9 o
0.4 - 1.1 |-
0.3 10.32 11 4107
0.3 |(mean) | 1.1 {(mean)

3 (1.3

0.2 0.64 |
0.2 0.85 !
0.2 1.0 '

o)

The average period deduced from 285 vibrations in the \'er:V end
portion of the NS component was 0.94s.

Vertical motion. Duration=30s.

The vertical motion, which was active during-the first 32 seconds,
was irregular and consisted of some very small vibrations mixed with
comp&mtnely large unduh,tlr)n% the character being similar to that of
the hovizontal motion, In this case, therefore, the vertical motion might
be due, partly at least, to the vertical component of the normal or trans-
verse motion and not a purely surface motion.

There was no prominent wave in the vertical component which
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might correspond to the maximum horizontal vibration, though otherwise
the active movements took place, in genefdl, simultaneously in the two
components. _

Max.2a=0.26mm, 7 =0.31s; V=2.0mm/s 4=>50mm/se

Towards the end, the vibrations became regular and had an
aizerage péri.od of 0.2s.

The relation between the 2a and 7" of the vertical vibrations is given

in the foIlowing table.

HONGO : VERTICAL MOTION.

Number of

2a (mm) T (sec.) 2a (mm) vibrations. Average T (sec.)
0.33 0.46
0.3 {0.3 0.46[0.43
0.3 { (mean) 0.40{ (mean) very small 1 0.11
0.25 : 0.36) ) 1 0.08
0.21 0.27 | » 1 1014
10.20 0.36 ” 1 0.13
0.20 0.36] y 1 0.18
0.1910.19 0.3040.31 » 1 1016
0.19| (mean) - | 0.34|(mean) » l 8%2 0.19
018 ) 027 '77 '5 . .
0.16 0.30) IV 1 0.?3 ((merm)
0.13 0.23 2 ‘f 8%(;
0.13 0.21 ” Z 099
0.13 0.24 \ ” 1 O'
013 0.26 £ S 0-}6
0.13 0.21 ' ” 18 16
0.1 | 0.19 2 ¢ 0.20,
0.09 \0.10 - 023 0.21 \ |
0.08 (mean) 0:15 (mean)
0.08 1 0.28
0.06 0.19
0.06 10.19 :
0.06 1015 I

Bgle No. 70, April 30, 1888 5.41.38 am.
Observation at the Cent. Met. Observatory :—

Duration. ——
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Direction. FE-W.
Max. H.M. Very small.
Character. Gentle.

Llgke No. 71. April 27, 1888 ; 8.34.34 a.m.

Observation at the Cent. Met. Observatory :-—

Duration.. 2m. _ ' '

Direction. SW-—NE.

Max. H.M. 0.2mm (period=1.5s).

Character. Gentle.

Hitotsubashi.

A small earthquake, whose motion consisted entirely of regular
gentle vibrations, there being no vertical component. Duration =110s.

Max. 2a=0.35 mm, 7,=0.91s; V=12nn/; 4=8mm/s>

The average period was as follows :—

EW component. ... .. 0.87s (deduced from 27 vibrations).
NS ” coe...089s (1, » 1l ” )

FEqke No. 72. May 5, 1888 ; 8.52. 24 p.m.
A tremor observed at the Cent. Met. Observatory.

Eqgke No. 73. May 8, 1888 ; 4.7.56 a.m.

A tremor observed at the Cenf. Met. Observatory.

 Egke No.74. May 8, 1888 ; 4.51.41 a.m.
A tremor observed at the Cent. Met. Observatory.

Bqke No. 75, May 10, 1888 ; 10.12.0 a.m.
A tremor observed at the Cent. Met. Observatory.

Egke No. 76. May 13, 1888 ; £.51.52 a.m.
Observation at the 'C’cfm‘,. Met. Observatory :—
Duration. 10s |
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I

Direction. NIV-SE.

Max. H.M., 0.2 mm (period =0.5s)

Character. Quick.

Hitotsubash.

A small and gentle earthquake, whose motion was almost eiﬁircly
in the [V direction ; there being no vertical motion.  Duration = 6:'s,

Max.22=0.35 mm, 7. =0.75s; V=16mm/g A=-1dmm/;.

‘The average period, deduced from 30 vibrations in the X1V com-
ponent, was 0.76s. | |

The motion prescuted a series of maxima which occurred at the
commencement and at 5.5s, 10.2s, 14.9s, 19.2s, and 23.9s, 1'e$pécti\'e!y

after the Intter ; the averago interval being 4.8s.

Fgke No. 77.  May 13,1888 : 11.17.41 p.m.

a tremor observed at the Cent. Jdict. Observatory.

Eqke No. 78.  May 22,1888 6.9.20 p.m.

Observation at the Cent. Jet. Observatory -—

Duration.  4n 30s.

Direction. ESE-WNIW.

Max. HM. 1.5 mm (period =2.6s (?;

Max. V.M. 0.2 mm (period =0.7s).

Character. Gentle.

Hitotsubashi,

Hovizontal inotion.  Duration -z 4m.

The preliminary tremor lasted for about 10s and consisted of vibra-
tious, whose period was nearly equal to that in the succeding portious.

Max.2a:22.2mm, T, =097s; V=7.1mm/y A=461mm/ .

The average period deduced from 40 vibrations during the first lin
of the £V compounent, was 0.83s, that deduced from 34 vibrations in the
end portion of the same component being also 0.84s.

Vertical inotion.  Duration =about 2m. .

The duration of the preliminary tremor was cqual to that’ of the

horizontal.,



MACRO-SEISMIC MEASUREMENT IN TOKYO. I. : %

Max. 20==0.dmm, 7 220.70s5 V=1.8mm/s 4=16mm/g> -

The period was unusually long, the average value deduced from

—
~1

vibrations, being 0:64s.
Hongo." ' - L R

Horizontal motion. Duration =140%.

The motion, which was greater in'the I/H than in the. NS compo-
nent, was at first a little irveguilar, but soon becane regular.

Max. 2a=0.T4 mm, T,=0.78s ; V=3 mm/s =25 mm/s .

The maximum was, however, not prominently large, there being a
great number of vibrations of neamly equal amplitude. The average

period of vibration, after the disappearance of ripples was as follows : —

EV component. .. .., 0.54s(deduced from 58 vibrations) ;
NS e 0.85s( ,, » 26 ’ ).

Vertical wotion.  Duration = 20s.
This began with small waves.
Max. 20=0.1mm, 7,=0.37s; V=0.9mm/y =144 mm/ .

The average period deduced from 17 vibrations was 0.18s.

Feke No. 79. May 24,1888 ; 9.85.37 w.m.
' Ob:crvation at the Cent. el Obscrurvzz‘or!/ —
Duration.  60s,
Divection. £ -1V,
Max. AL Small.
Character.  Gentle.

Lighke No. S0. May 24 1888 ; 11,455 am. |

A tremor, which was felt at Hongo, but did not start the machines.
Ligle No. 81. May 26,1888 ; 6.17.14 p.m.

A tremor. The seismographs ot Hitotsulashi rvecorded very slight

movements.

Eke No. 82, May 27, 1888 ; 7.5.9 p.an.
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Observed as a tremor at the Cent. Met. Observatory.
Hitotsubashi.

Duration=60s. This was a very small earthquake, whose motion
was chiefly in the KW directicn and consisted of regular gentle vibra-
tions of a constant period ; there being no vertical component. The max-
imum occurred at the commencement :—

Max. 2a=0.25mm, 7,=0.71s; V=11mm/, 4=10mm/e.

The average period, deduced from 28 vibrations in the KW com-

ponent, was 0.74s.

Eqke No. 83. June 3, 1888; 7.53.8 a.m.

Observation at the Cent. Met. Observatory :—

Duration. 3m.

Direction. WNW-ESE.

Max. H.M. Small.

Character. Gentle.

Hitotsubashi.

Horizontal motion. Duration = 180s.

The motion, which was greater in the AW than in the NS com-
ponent, was irregulaur‘ at first but soon became regular. There was no
prominently large displacement, the motion bsing made up of a series
of vibrations of nearly constant period, the amplitude decreasing very
gradually. , , , :

Max. 2a=1.8mm, T ,=0.94s; V=6mm/y, 4=40mm/g,

The average period, deduced from 21 vibrations in the principal
portion of the W component, was 0.80s; thatideduced from 48 vibra-
tions in the end portion of the same component was 0.86s.

Vertical motion. Duration =25s.

The vertical motion, the duration of whose preliminary tremor was.
equal so that of the horizontal, consisted of slow vibrations, whose
average period deduced from 7 largest vibrations was 0.63s.

Max.2a=0.2mm, 7, =0.62s; V'=0.6 mm/; 4=2Gum/,

Fiqke No. 84. June 12, 1888 ; 9.6.27 p.m.

~—
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. Observation at the Cent. Met. Observatory :—
Duration. 20s,
Direction. NWN-SES.
Max. HM. 0.4mm (period=1.2s)
Character. Gentle. '

Hitotsubash.
Duration=100s. There was no vertical component. The motion

which was at first slightly superposed with ripples soon became regular

and constant in period.

Max.2a=0.3 mm, 7.= 0.88s; V= Llmm/s, 4=80mm/s,

The average period deduced from 40 vibrations was 0.78s.

~ Hongo.

Horizontal motion. Duration=60s.

The motion occurred equally in the two components. At first the
vibrations were very quick, the average period being 0.23s. Towards
the end, the vibrations became very slow; the average period -deduced
from 9 vibrations being 2.0s.

Max.2a=0.16mm, 7,=0.22s; V=2.3mm/; 4=(6mm/e

- Vertical motion. Duration=10s.
- The vertical motion, whose maximum occurred at the commence-
ment, was well pronounced in' comparison to the preliminary tremor of
- the horizontal.

The period of the vertical motion- was identical with that of the

small movements in the earlier portion of the horizontal ; there being

during the first 2.93 interval 14 vibrations in the horizontal and also

exactly the same number in the vertical component. Thus it may be-

supposed that the vertical motion and the horizontal ripples are related
to one another, and are possibly components of surface waves ; the earth
particle describing a small elliptical orbit, whose vertical axis is com-
~ parable in magnitude to the horizontal.

Max.28=0.06mm, 7',=0.23s; V=0.9mm/y 4=23mm/s,

The motion counsisted of small regular waves, whose average period

was 0.26s.
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Egke No. 85. June 15, 1888 ; 0.21.25 aan.

A tremor observed at the Cent. Met. Observalory : —

Eqlke No. 8G. June 18, 1888 ; 2.20.31 p.m.

Observation at the Cent. Met. Observatory :—

Duration. 100s.

Direction. - SE-NIW.

Max. H. M. . 0.3mm (period = 0.8s). .

Character. Quick.

Hitotsubasha. ‘

Horizontal motion. Duration =120s.. \ _

As usual with earthquakes of a moderate intensity, this consisted
of a great number of vibrations nearly constant in amplitude and period,
none being prominently large. The motion was much greater in the
FT than in the NS component. ,

‘Max. 2a=1.0mm, 7,=0.70s; V=45mm/y A:==4]1 mm/q:
The average period deduced from 58 vibrations was 0.70s.
Vertical motion. Only doubtful tracss.

Hongo.

Horizontal motion. Duration = T0s. v

Tlie character of motion was much similar to that of the earthquake
of June 12, 1888. The motion began with smlel‘irrogulzu' vibrations,
but afterwards became lengthened in period. )

Max.2a=0.2mm, 7,=0.6s; V=052mw/, 4=27Tmm/g,

In the EW component, the ripples had an average period of O.42§;.
these being superposed on slower undulations of an average period of
1.3s. In the NS ccmponent, the corresponding average periods were
erspectively 0.46s and 1.2s; towards the very end, the waves had an
average period of 2.1s.

Eqlke No. 87. June 18, 1858 ; 3.17.6 p.m.

A tremor observed at the Cent. Met. Observatory.

Lyle No. 88. June 18, 1888 ; 9.59.14 p.m.
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A tremor observed at the Cent. Met. Observaiory.

Eqke No. 89, June 19, 1838 ; 6.29.57 a.m.
Observation at the Cent. Met. Observatory :—

Duration. 20s.

Direction. E-W.
Max. H.M. 0.2 mm (period =0.8s)
Character. Quick.

Eqke No. 90. June 22, 1888 ; 7.6.25 a.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 91.  June 24, 1888 ; 11.8.20 p.m.
Observation at the Cent. Met. Observatory : —

Duration. 10s.

Direction. E-IW.
Max. HM. Small.
Character. . Quick.

Eqke No. 92, July 2,1888 ; 4.51.56. a.n.
Observed as a tremor at the Cent. Met. Observatory.

Hitotsubash,
Duration = 30s.

The motion which was very small, was almost

entirely in the W direction, there being no vertical component.
Max, 2a=0.25 mm, T ,=0.57s; V=14mn/; 4=T6mm/g

Eqke No. 93. July 7,1888; 9.37.37 a.m.
Observation at the Cent. Met. Observatory :—
Duration.  180s.

Direction. E-TV.
Max. HM. Small.

Character. Gentle.

Hitotsubashi.
Duration =80s,

The motion, which consisted of slow regular. vibra-
) <0
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tions, showed alternations of maximum and minimum groups, the follow-
ing maximum vibration having occurred in the later ’portivdn of the earth-
quake :— - . ‘ o

Max. 2a=0.83 mm, 7,=0.0s ; P'=2.9 mm/s A=20 mm/;:

The average period deduced from 25 vibrations was 0.93s.

Eqke No. 94. July 7,1883; 5.25.43 p.m. ‘

Observation at the Cent. Met. Obscrvatory::—'—n

Duration. 60s.

Max. HM. Small

Character. Gentle.

Hitotsubashi. .

Duration=60s. This was a very small and gentle earthquake, the
motion being chiefly in the EW direction. There was no vertical compo-
nent. : o Lo
Max. 2a=0.45 mm, 7' ,=0.83s; V=17 mm/; 4=13 mm/s
The average period deduced from 15 vibrations in the' EW compo.

nent was 0.85s.

Eqke No. 95. July 11,1888 ; 3.38.35 p.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 96. July 14,1888 ; 7.31.59 a.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 97. July 14,1888 ; 4.42.44 p.m.
Obsefvation at the Cent. Met. Observatory [
Duration, 180s. " | N
Direction. SWS—NEN.
Max. HM. 0.6mm(period=2.4s)
Character. Gentle. '
Hitotsubashi. ‘
Duration==50s. The motion was entirely in the EW direction, there
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being no vertical componentJ. The vibrations were perfectly regular and
constant in period ; there being, however, some alternations of maximum
and minimum groups, - A

Max. 2a=0.43 mm, 7, =0.73s; V'=1.9mm/ 4 =16 mm/g

The average period deduced from 27 vibrations iu the EW compo-
nent was 0.71s. - _ |

(The Hztotsubas/n diagrams of sma,ll earthquakes like the present
indicate usually no dlstmct preliminary tremor, lost probably on account

of smaliness of the movements.)

Lgke No. 95. July 22,1888 ; 2.27.48 a.m.
A tremor observed at the Cent. Met. Observatory.

Liqke No. 99. July 24,1888 ; 7.57. 43 a. m.
A tremor observed at the Cent. Mel. Obsem/az‘or Y.

Fqke No. 100. July 29,1888 ; 9.48.21 p.m.

Observation at the Cent. Met. Observatory : —

Duration. 90s.

Direction. E-W.

Max. .M. 0.2 mm(period =1.0s).

Max. V.M. Very small.

Character. Gentle.

Hitotsubashi. - _

Duration==100s. The motion was greater in the KWW than in the
NS direction, there being no vertical component. o

Max. 2a=0.75 mm, Direction EW, T ,=08y; V=29mm/ 4=

22 mm/g -
The average period of vibration was as follows —
EW component. . ....0.77s deduced from 22 v1blat10ns),
NS ce 18 (0, s 9, )

Bghe No. 101, Aug1,1888 ; 9.25. 18 pm.
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Observation at the Cent. Met. Observatory : —
Duration. 90s. ' -
Direction. E-W.

Max. HHM. 0.2 mm(period=0.8s).

Character. Quick.

Hitotsubasha.
 Duration=100s. A smnall and gentle earthquake, whose motion was

almost entirely in the E'W dirsction, there being no vertical component:

There were several alternations of maximum and minimum groups.

Max. 2a=0.83 mm, 7, =0.72s ; V=38.6 mm/s - 4=3]1 mm/q

The average period of vibration was as follows :— :

EW component. ..... 0.74s (deduced from 24 vibrations),

NS L, 093s( , , 10,

It will be observed that this earthquake was similar to some of the

preceding. The periods in the two horizontal components were, as often

happens, not alike,

Egke No. 102, Aug.11, 1888;9.31.42 a.m.

A tremor observed at the Cent. Met. Observatory.

Eqhe No. 103. Aug.12, 1888 ; 11.42.97 aim. -

Observation at the Cent. Met. Observatory::—
Duration. 180s.

Direction. SWS—NEN.

Max, H M. 0.4 mm(period=1.2s .

Character. Gentle.

Hitotsubashi,

Duration=3 m. The earthquake, which began very gently, gra-

dually attained the full amplitudeé and then remained nearly of the same

size through a considerable time interval. . The motion was much greater

in the £'W than in the NS direction, there being no vertical component.

Max. 2a=11mm, 7 =0.8ls; V=43 mm/; 4=34mm/s.
The average period, deduced from 117 vibrations in the K W compo-



MACRO-SEISMIC MEASUREMENT IN TOKYO. I. 61

nent, was 0.78s.
Hongo.
Duration=about 3 m. No vertical motion.
Max. 2a=0.5 mm.

Lqke No. 104. Aug. 17,1888 ; 3.49.50 a.m.
Observation at the Cent. Met. Observatory :—
Duration. 70s. ‘
Direction. FE-W.

Max. HM. 0.2 mm (period =1.0s)
Character. Gentle.

Eqke No. 105. Aug. 18,1888 ; 1.22.0 a.m. .
A tremor observed at the Cent. Met. Observatory.
Hitotsubasht.
Duration=100s. No vertical motion.
Max. 2a=0.2 mm, 7,=0.88s; V=0.Tmm/s 4 =5 mm/g-
The average period, deduced from o7 vibrations, was 0.79s.
Hongo. '

The motion was very small.

Eqke No. 106. Aug. 19,1888 ; 9.19.26 a.m.
A tremor observed at the Cent. Met. Olservatory.

Iigke No. 107. Aug. 19,1888 ; 11.47.25 a.m., v
A tremor observed at the Cent. Met. Observatory.

Fqke No. 108. Sept. 2,1888; 5.45.0 a.m.
Observation at the Cent. Met. Observatory :—
Duration. 30 s.

Direction. E-W.
Max.H.M. Very small.

Character. Gentle.
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Fqke No. 109. Sept. 4,1888; 5.10.0 a.m.
A tremor observed at the Cent. Met. Observatory.

Fqke No. 110. Sept. 4,1888 ; 1.86.11 p.m.
‘A tremor observed at the Cent. Met. Observatory.

Ligke No. 111. Sept. 65,1888 ; 0.6.35 a.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 112.  Sept. 6,1888; 4.9.25 a.m. ‘
A tremor observed at the Cent. Met. Observatory.

Lgke No. 113. ~ Sept. 10,1888 ; 9.22.0 a.m. -
A tremor observed at the Cent. Met. Observatory.

Egke No. 114, Sept. 11,1888 ; 8.34.54 a.m.
Observation at the Cent. Met. Observatory .
Duration.  25bs. |
Direction. H-W.

Max H.M. 0.4mm(period=0.4s)
Max. V.M. Small, |

Character. Quick.

Ligke No. 115. Sept. 18,1888 ; 2.45.39 a.m,
Observation at the Cent. Met. Observatory —
Duration.  30s.

Direction. E-W.
Max. H.M. Quick.
Hitotsubashi.
The motion was chiefly in the '} direction.
Max.2a=0.1lmm.

Hongo.
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Motion was very slight. No vertical component.

Eqke No. 116. Sept. 24,1888 ; 5.24.30 a.m.
Observation at the Cent. Met. Observatory :—
Duration.  20s.

Direction. FE-W.
Max. HM. Very small.
Character. Grentle.

Hitotsubashi.
Duration=40s. Motion was chiefly in the I/ divection, there

being no vertical component.
Max.2a=0.25 mm.

The period was constant.

Eqke No. 117. Sept. 24,1888 ; 5.37.13 p.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 118. Sept. 28,1888 ; 7.5.21 a.m.
Observation at the Cent, Met, Observatory :—
Duration.  30s.

Max, H.M. Small.
Character. Quick.

Hongo.
The motion was very small.

Eqke No. 119. Oect. 9,1888; 1.7.55 a.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No, 120. Oct. 10,1883 ; 4.20.24 p.m.
Observation at the Cent. Met. Observatory :—
Duration = 30s.

Max. HM. Small.

Eqgke No. 121.  Oct. 12,1888 ; 7.40.56 nan.
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Observed as a tremor at the Cent. Met. Observatory.
Hitotsubashi.

The motion was very slight.

Lgke No. 122, QOect. 20,1888 ; 6.15.16 a.m. ‘

Observation at the Cent. Met. Observatory : —

Duration.  2m. |

Direction. NEN-SWS.

Max. H M. 1.2mm(period=0.5s)

Max. V.M. 0.5mm{period =0.5s)

Character. Quick.

Remark. The earthquake began with quick horizontal and vertical
movements. There were three prominent vertical vibrations, of whicl
the first was the maximum. The horizontal motion was active during
the first 20s,

Hitotsubash.

Horizontal motion. Duration =120=x.

The earthquake began with preliminary tremor, which lasted for
7s, when the motion became suddenly active, the amplitude being much
larger in the £ than in the NS component.

Max. 2a=0.T mm, 7,=0.60s ; V=3.3 mm/s 4 =31 mm/>

The motion was of maximum intensity immediately after the prelimi-
nary tremor. The average period, deduced from 32 vibrations, was 0.78s.

Vertical motion. Duration =40s.

The vertical motion, whose preliminary tremor consisted of very
small movements, became active simultaneously with the horizontal.

Max. 2a4=0.18 mm, 7, =0.38s; V=15 mm/, 4=25mm/

This maximum occurred not exactiy at the same moment as the
maximum horizontal motion, »

Hongo.

Horizontal motion. Duration=T0s. The motion, which occurred

equally in the two horizontal components, commenced with the following

maximuni ;—
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Max.2a=0.6mm, Direction S.

A second maximum, which occurred later on, was the following :—

2a=0.34 mm, 7 =0.55s ; V'=1.9mm/s 4=2] mm/[q~

The vibrations were at first irregular, but soon became regular.
The average period deduced from 11 well defined vibrations was 0.52s.

Vertical motion. Duration=20s. The motion, which was active
during the first 10s, consisted of small vibrations, whose average period
deduced from 8 vibrations was 0.28s. There was no well defined large

vibration.
Max. 22=0.13mm, 7,=0.38s; V=11 mm/; 4=20 mm/s.

Ligke No. 123. Nov. 2,1888 ; 1.48.1 p.m. .
Observation at the Cent. Met. Observatory : —
Duration.  60s.

Direction. E-W.
Max. HM. 0.3mm(period = 0.8s).
Character. Quick.

Hitotsubashi.

" Horizontal motion. Duration=160s. This was a moderate earth-
quake, whose motion was much greater in the £ than in the NS com-
ponent and which consisted of perfectly regular vibrations.

The preliminary tremor lasted for 10s and consisted of small slow
vibrations of an average| period of 0.58s. This was suddenly followed

by large movements.

Max. 2a=12mm, Direction SW, T, =0.77s; V=4.9 mm/,
- A=40mm/s>

The average pericd deduced from 38 vibrations in the £ compo-
nent was 0.71s. |

Vertical motion. Duration=30s. The motion bégan very gr;idually.
The fdllowing maximum occurred a little later than the horizontal maxi-
mum :—

- Max. 2a=0.2mm, 7 =048 ; '=1.6 mm/;, 4=256 mm fg s
" Hongo.
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Horizontal motion. Dnration=40s. The motion began with the
following maximum :—

Max. 2a=0.54mm, Direction SHV.

In the subsequent portion the motion was small (Max. 2a=0.1 mm)
and seemed to be merely the residual of the above initial movement.

In the earlier part of the £ compounent, the average period was
0.21s, that ‘in the - corresponding part of the NS component being
0.23s. A
Vertical motion. Duration=20s. The motion was very small; the

average period deduced from 15 vibrations was 0.17s.

Eqke No. 124, Nov. 3,1888; 0.51.14 a.m
Observation at the Cent. Met. Observatory : —.
Duration.  90s.
Direction. E-W.
Max. HM. 0.3mm(period =0.5s).
Max. VM. Small
Character. Quick.
Hongo.
Duration=%20s. No vertical motion.
Max. 2a=0.14 mm, 7, =0.34s; V=13 mm/; 4=24 mm/s.

The motion consisted of irregular vibrations.

Fqke No. 125. Nov. 3,1888 ; 8.13.33 a.m.

Observation at the Cent. Mt Obszroatory : —

Duration.  4m 30s.

Direction. SW-NE.

Max. HM. 1.9mm(period=0.4s).

Max. V.M. 0.5mm(period =0.4s",

Character. Quick.

Remark. The preliminary tremor lasted for 7s, when both the
vertical and the horizontal components became large. The maximum ver-

tical vibration occurred at the 16th sacond, the motion ramaining active
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for the next 3s. The maximum horizontal motion occurred at the 10th
second, the motion remaining active for the next 20s. - A
(This earthquake which was moderately severe was unfortunately

not recorded at Hitotsubashi and Hongo.)

Eqke No. 126. Nov. 5,1888; 4.22.55 a.m. ‘
Observed as a tremor at the Cent. Met. Observatory.
Hitotsubashi.
Duration=69s. The motion was almost entirely in the ZJI7 com-
ponent. o D
Max. 2a=0.25mm, 7', =0.82s; JV=0.96 mm/; 4 =7 Imm/; .,

The average period deduced from 18 vibrations was 0.77s.

Eqke No. 127. Nov. 6,1888 ; 4.38.37 p.m.
Observation at the Cent. Met. Observatory :—
Duration.  180s.

Max. HM. 0.2mm(period =2.2s)

Character. Gentle.

Eqlke No. 128. Nov. 7,1888; 10.27.34 p.m.

Observation at the Cent. Met. Observatory :—

Duration. 240's. =

Divection. E-W.

Max. HM. 0.5mm(period=3.5s (?)).

Character. Gentle g

Hitocsubashi.

Duration =250s. No vertical motion.

This was a very small earthquake, the motion consisting of slow
vibrations. |

Max. 2a=0.836mm, 7,=2.8s; V=04 mm/; 4=0.9 mm/,-

Fqgle No. 129. Nov. 10,1888 ; 1.37.44 p.m.
Observation at the Cent. Met. Observatory :—
Duration.  90s.
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Direction. . WNW-ESE.
Max, HM. 0.3mm(period =1.8s).
Character. Gentle.
Hitotsubash.

Duration=2m. No vertical motion.
The motion, which was chiefly in the EW direction, consisted of

small regular vibrations.
Max, 22=0.75 mm, 7. =0.87s; V=2.7mm/ 4=19.2 mm/q-
The average period of vibration was as follwos :— ‘
EW component. .. ... 0.85s(deduced from 34 vibrations),
NS b e 0.65s( ,, » 13 ” Je

Eqke No. 130. Nov. 16,1888 ; 0.42.49 a.m.
‘Observed as a tremor at the Cent. Met. Observatory.—
Hitotsubashi. |

Duration=60s. No vertical motion.

The motion, which was entirely in the EWW direction, was of maxi-
mum amplitude at the commencement, the subsequent porfion presenting
alternations of maximum epochs. ‘ -

Max. 2a=04 mm, 7' ,=0.95s; V=13 mm/s 4=8.5 mm/;.

The average period, deduced from 26 vibrations in the EW com-

ponent, was 0.9s

Egke No. 131, Nov. 20,1888 ; 0.53. 29 a.m.

Observation at the Cent. Met. Observatory : —

Duration.  150s.

Direction. E-W,

Max, H.M. 0.2mm (period =0.9s).
~ Character. Gentle.

Hitotsubashi.

Duration=3m. The duration was very long in comparison to the

amplitude, which remained nearly constant during a considerable inter-

val of time. The motion was chiefly in the EW direction, there being
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no vertical motion. _
Max.2a==0.75mm, 7, =0.75s; V=38.1mm/y 4=253mm/;>
The average period, deduced from 17 vibrations in the ZW compo-
nent, was 0.77s.
Hongo.

The motion was very small.

Eqke No. 132. Nov. 22,1888 ; 1.27.43 p.m.
Observed as a tremor at the Cent. Met. Observatory.

Hitotsubasli.
Duration=170s. The motion was chiefly in the EW direction,
there being no vertical component. '
Max. 2a=0.63 mm, T/, =0.85s; V=23 mm/, 4=16.5mm/, >
The average period, deduced from 29 vibrations in the £ compo-

nent, was 0.8s.

Egke No. 133. Nov. 23,1888 ; 5.13.30 p.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 134. Nov. 24,1888 ; 2.3.23 a.m.
Observation at the Cent. Met. Observatory : —
Duration.  240s.

Direction. NW-SE.
Max. HM. 0.4mm(period =1.4s).

Character. Gentle.

Eqke No. 135. Nov. 25,1888 ; 4.50.15 p.m.
Observation at the Cent. Met. Observatory : —
Duration.  15s.

- Direction. E-W.
Max. H.M. 0.2mm (period =0.5s).

Character. Quick.
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Hitotsubashi.

Duration =45s. The motion, which was entirely in the W direc-
tion; consisted of perfectly regular small vibrations, with several alterna-
tions of maximum and minimum groups.

Max.2a=0.5mm, 7,=0.92s; V=17 mm/, 4=12 mm/2

The average period deduced from 18 vibrations was 0.94s.

Hongo.

Hovizontal motion. Duration=15s. The motion consisted of very
small vibrations which were shiefly in the N.S direclion.

Max.22=0.08mm, 7’ =:0.20s.

The average period was about 0.28s.

Vertical motion. Duration=15s. The motion was comparatively
active and consisted of vibrations of an average period of 0.18s.

Max.22=0.38mm, 7' = 0.18s; V==0.7Tmm/, 4=273 mm/,.

Eqke No. 136. Deec. 1,1888 ; — —
Hitotsubashi.
The motion consisted of slow gentle moveme.ats of a long duration,

chiefly in the NS direction.

Eqke No. 137. Dec. 3,188 ; 0.24.47 p.m.

Observation at the Cent. Met. Observatory.: —

Duration.  120s,

Direction. SE-NW.

Max. HM. 0.2mm :period =1.Ss.

Character.  Gentle.

Hitotsubasla.

Duration=120s. The earthquake, which was chiefly in the EIV
divection, consisted of a series of vibrations whose amplitude remained
nearly constant. There was no vertical motion. :

Max. 2a=0.63mm, 7", =0.79s; I'=2.5mm/ A=20mm/

The average period, deduced from %8 vilnations in the ET) compo-

nent, was 0.77s.
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Eqke No. 138. Dec.!6,18388; 7.27.42 a.m.
Observed as a tremor at the Cent. Met. Observatory.

Hilostubashi. .

" Duration=80s. This was a very small earthquake, whose motion
.occurred equally in the two horizontal components, there being no
vertical vibration.

Max. 2a=0.17Tmm, 7 ,=0.68s ; V=0.7T9mm/s 4="7T.3nm/g
The average period, deduced from 27 vibrations in the EW compo-
nent, was 0.75s,

Hongo.

Motion was very small.

Eqke No. 139. Dec. 16,1888 ; 4.19.3 a.m.

Observation at the Cent. Met. Observatory :—

Duration.  20s.

Direction. N-S.

Max. HM. Small.

Character. Gentle.

Hongo.

Horizontal motion. Duration=? The motion consisted of
2 single prominent displacement, followed by small vibrations, the
-earthquake having been probably caused by some sudden blow, which
acted only for a moment. The residual motion migut be the fiee vibra-
tion of the ground. The EW component was much smaller than the
NS. The numbers of vibrations in the latter component during the
.eight successive 10 seconds intervals after the greatest movement were -
16, 18, 21, 19, 21, 21, 20, 20 ; the period being thus somewhat longer at
the commencement, where the amplitude was also greater. Towards
the end the period became constant.

Average period (NS)=0.5s.

Vertical motion. Duration=? The vertical motion counsisted
-of vibrations, whose period remained constant and had an aver-ge value

-of 0.2s. It may be remarked that the period was very nearly equal to
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the average period (0.24s)of the small ripples in the horizontal motion,

whose duration was also nearly équal to that of the vertical motion.

Lgke No. 140. Dec. 21,1888 ;—-

Observed as a tremor at Hitotsubashi and Hongo.

Fqke No. 141.  Deec. 28,1888 ; 3.28.4 a.m.
Observation at the Cent. Met. Observatory :—
Duration.  35s. | ‘
Direction. E-W.
 Max. HM. 0.2 mm (period =1.7s).
Character. Gentle.
Hitotsubashi.
Duration=60s. A very small earthquake, whose motion was greater
in the ZW than in the N8 direction, there being no vertical motion.
Max.2a=0.2mm, 7,=0.8s; V=08 mm/; 4=6.1 mm/q. |
The average period, deduced from 8 vibrations in the KW com-

ponent, was 0.86s.

Ligke No. 142. Jan.1,1889; 3.4.50 p.m.
' Observation at the Cent. Met. Observatory :—
Duration. 12s. |
Direction. . SW-NE.
-Max. HM.. 0.5mm (period=0.3s).
Max. V.M. Small
Character. - Quick.

Hitotsubashi.

" Duration=70s. This was a small earthquake, whose motion was
chiefly in the EWW direction, there being mo vertical component. The
maximum vibration occurred at the commencement. |

Max.2a=0.38mm, Direction E, 7" =0.87s; V=1.4wnm/g
A=9.9mum /s
The vibrations which followed the maximum rapidly decreased, the

average period being as follows : —
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EW component. ... .. 0.81s (deduced from 42 vibrations);

NS 0848 (L, 15 )
Hongo. ' , :

The motion was immeasurably small.

Eqice No. 143. Jan. 1,1888; 7.5.30 p.m. ,,

- Observation at the Cent. Met." Observatory : —

Duration.  120s. '

Direction. SW-NE.

Max. HM. 1.1mm (period=0.1s(?)).

Max. V.M. 0.5mm (period=0.3g).

Character. Quick. '

Remark. = The earthquake began with preliminary tremor, which
lasted for 6s, and which were chiefly in the EW direction. Thereafter
the motion became large in all the three components, executing 80 active
vibrations during the next 10 seconds interval.

Area of disturbance. The earthquake originated in the boundary
distriets of Hitachi and Musashi and extended on the north to a radial
distance of 60 i, while on the south and the east it reached the sea shores.

The land area of disturbance was 3430 sq. i and included the following

16 provinces: Musashi, Shimosa, Kazusa, Awa, Hitachi, Shimotsuke,

Kotsuke, Sagami, Kai, Izu (northern part), Suruga (eastern part),
Shinano (eastern portion), Echigo (southern portion), Iwashiro (scuthern
part), Iwaki (southern part), Rikuzen (éouthern portion).  The area of
strong. motion was about 700 sq. 77, and extended over the following 6
prévinces: Musashi (eastern part), Sh_imos@ (western part), Hitachi
(southern part), Shimotsuke (southern portion), Kotsuke (south-eastern
portibn), and Sagami (north-eastern portion). Within the latter area,
sharp vertical motion was generally felt. In Tokyo the shock was strong
enough to cause overtufning of furnitures, ete. At Mito (province of
Hitachi) some articles were thrown down from shelves, and at Kawachi
District (province of Shimotsuke) shoji. or paper covered sliding doors

were almost thrown out of the grooves.
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Eqke No. 144. Jan, 3,1889; 7.58.6 a.m,
Observation at the Cent. Met. Observatory :—
Duration. 120s.

Direction. E-W,
Max. .M. 0.8mm (period =1.5s).
Character.  Gentle.

Eqke No. 145.  Jan. 5,1889 ;
Hongo. ,
Duration=120s. The motion, which was irregular, consisted of

gentle vibrations. (
Max. 2a=0.4 mm, 7 =14s; V=09mm/s 4=4.0mm/s2

Fqke No. 146, Jan, 7,1889 ;}———
Hitotsubashi. | ,

Duration =40s. The motion, which consisted of extremely small
vibrations of a constant period, was chiefly in the EW direction, there
being no vertical component. |

Max. 2a=0.1mm, 7.=0.82s; V=04mm/s 4=29rm/s:

The average period was as follows :— - ‘

EW component. .. ... 0.81s (deduced from 24 vibrations);

NS po e 0.86s ( ,, , 12 , ).

Fake No. 147. Jan. 12,1889 ; 8.34.3 p.m.
A tremor observed at the Cent. Met. Observatory.

Lqg'e No. 148. Jan.13,1889;
Hitotsubashi. ,
Duration=60s. A very small earthquake, whose motion was
chiefly in the ZW direction, there being no vertical component.
The preliminary tremor, whose duration was short, consisted of
vibrations of the same period as in the subsequent portibon. The vibra-

tions in the NS component‘were small and ill defined.
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Max. 2a=0.38 mm, Direction £-W, T°=0.4T7s; V=25 mm/g
A 34: mm/s 2

Eqke No. 149.  Jan. 27,1889 ; 2.28.47 p.m.
A tremor observed at the Cent. Met. Observatory.

Egke No. 150. Jan. 29,1889 ;——
Hitotsubashi.

Duration=60s. This was a small earthquake, whose motion was
chiefly in the EW divection, and which began very gradually. At about
8s from the commencement, the motion reached ité full amplitude, thence
gradually decreasing.

Max.2a=0. 38mm, 7'=0.56s; V—2 1 mm/s A4=23.9 mm/s -

The average period in the BTV component was as follows : -—16 vib-
rations in the earlier part, whose 2a varied between 0.4mm and 0.15 mm
and had a mean value of 0.3 mm, had an average period of 0.6s; while
the 17 vibrations of small 2a in the end portion gave an average period
of 0.55s. :

Ejke No. 151. TFeb. 5,1889 ; 2.27.39 p.m.
Observation at the Cent. Met. Observatory :—
Duration. bs. '

- Direction. N-S. -
Max. H M.  Small.

Egke No. 152. TFeb. 9, 1839 ; 7.41.38 a.n.
Observation at the Cent. Met. Observatory :—
Duration. 10s.

Direction. N-S.
Max. H.M.  Small.
Character.  Quick.

Fgke No. 1563. Feb. 15,1889 ; 5.14.3 a.m.
A tremor observed at the Cent. Met. Observatory.
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1keNo.154. Feb. 18,1889 ; 6.9.32a.m. .~

- Observation at the Cent. Met. Observatory :—

Luration. 6m 12s,

Direction. N W-SE. .

Max. H.M. 20.3 mm (period =2.25).

Max.V.M. 3.7mm (period=0.6s)

Character. Quick. ,

Remark. The earthquake began with small sharp horizontal
and vertical vibrations. At the 15th second a sudden horizontal motion
of 6 mm took place in the direction SW-NUE, followed by 10 large
vibrations which together lasted for 5 seconds when the maximum dis-
placement took place. The vertical motion became active also at the
15th second, its maximum occurring 5 seconds later than the horizontal
maximum. The horizontal motion was more or less active during the
first 5m 19s, and the vertical motion for the first 2m 4s. '

Area of disturbance. The total land area of disturbance was 5750
£q.7i, and included the follwing 21 provinces :—Musashi, Sagami, Awa,
Kazusa, Shimosa, Hitachi, Shimotsuke, Kotsuke, Kai, Suruga, Izu,
Totomi, Shinano, Iwashiro, Iwaki, Rikuzen (south-eastern part), Uzen
(south-eastern part), Fchigo(central part), Mikawa (nearly whole of the
province), Owari (northern part), Mino (eastern part). The area of
strong motion was 1390 sq. # and extended over the following 11
provinces :—Musashi, Sagami, lzu, Awa, Kazﬁsu, Shimosa, Hitachi,
(southern part), Shimotsuke (southern part), Kotsuke (southern portion),
Kai (eastern part), Suruga (eastern part). The shock was felt with a
great violence within an area of 300 sq. 7!, which extended over the
five provinges of Sagami (eastera part), Musashi (south-eaéfern portion),
Shimosa (south-western portion), Kazusa and Awa. Within the latter
area, houses were damaged, furnitures overturned, ete. T.hu's' in Tokyo,
“dozo(Japanese godowhs) had plasters shaken down ; walls were cracked ;
tomb stones and shidoro (Japanese stone lanterns) overturned ; furnitures
overthrown ; pendulum clocks stopped ; liquids thrown out; ete. In

Yokohama, some houses were damaged. In Aiko District, province of
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Sagami, dozo were cracked. Along the sea shore of Tsurugi-zaki in the
same province the shock was also very _(strong_ and some houses were
damaged. In Awa, pendulum clocks were stopped, and waters: thrown
out from vessels which were about 5 full.  In the .Mdta,, District,
-province of Kazusa, house walls were cracked, articles overthrown, and
liquids thrown out by about 309 frem vessels filled with them. In the
Nagara District of the same province, people generally ran out of doors,
and liquids were thrown out of vessels.

In the Kawachi District, province of Shimotsuke, house walls were
cracked, bottles overturned, pendulum eclocks stopped. In the Haga
District of the same province, pendulum clocks were stopped and liquids
thrown out. In the Naka-Koma District, province of Kai, some articles
were overturned. . ........ This earthquake originated like some other
strong ones probably at the southern extremity of the Tokyo Bay. But
it was for the first time since the winter of 1884, when the system of the
earthquake observation in whole Japan was organized, that the disturb-
ance extended to such great distances towards north-west. The damage
produced, however, was not very severe. '

The direction of motion in the meizo-seismal area was as follows :
SE-NW or E-W onthe western shore of the Tokyo Bay, E-W and
- SE-NW on the eastern, and mostly N-S on the northern shore.

Hongo. _ ,

Horizontal motion. Duration=8m. The earthquake began with
preliminary tremor, which lasted for about 1ls and consisted of quick
_small vibrations. These latter were already moderately strong, (nax.
2a=0.8mm), being as large as the movements in the earthquake of
March 9, 1888, ‘

After the termination of the preliminary tremor, the motion became
suddenly great in the two horizontal components, there being five promi-
nent displacements, the first of which was from S to N, and the second
of which was nearly from E to W. The succeeding vibrations, which
were far smaller, were quick in period. After about 20s from the com-

mencement of the earthquake, the superposed ripples disappeared and
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the vibrations became slow in period. The five principal displacements

ab

ove referred to were aa follows : —
1st displacement :— . .
~ 2a=1.7 mm, Direction from S to N, T=0.41s; V=13 mm/g
- A=200mm/ .
2nd displacement : —
9a=2.1 mm, Direction S72° IV, T,=0.64s; V=10.3 mm/g
A =100 mm/g 2 -
3rd displacement :—
~ 2a=3.2mm, Diraction §59° E, T,=0.54s ; V'=18.6mm/,
A =220 mm/g .
4th displacement :— :
2a=6.0mm, Direction S57° WV, T°=0.58s ; V'=232.5mm/y
A =3850mm/g - ‘ :
5th displacement : —
2a-=7.2mm, Direction S 48° F, 7. =1.8s; V=17.4mm/,
- A=84mm/g, ‘ |
‘In the earlier part of the earthquake, the vibrations were

yery

irregular and complex and it was not possible to see any definite rela-
tion between the 2a and 7. The measurement in the following table

has been taken from the horizontal component after the disappearance

- of

the ripples.
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HONGO : HORIZONTAL MOTION.

Za (mm) T (sec.) . 2a (mm) T (sec.)
+.2 2.0 A -
4.0 2.4 1.3 1.7 \
3.1 2.2 : 1.2 17
3.0 + 3.1(mean) | 1.6 + 2.0(mean) | 1.1 13
2.6 1.9 11 1.0
2.4 | 2.4 0.9 0.97
2.2 1.8 0.9 097 |
1.9\ 1.6\ 0.9 0.97 |
1.9 1.5 0.9 14
1.9 1.7 0.7 S 0.55 0.7 \ 1.07
1.8 1.2 0.7 ( (mean) |13 ( (mean)
1.8 1.6 0.7 14
1.8 : 1.9 .| 0.6 0.72
- L7 ) 1L7(mean) | 1.5 \ 1.6(mean) | 0.6 1.1
1.6 | 1.9 0.6 11
1.6 1.9 0.56 0.82
1.6 1.7 0.5 0.87
1.5 1.1 0.34 0.58
1.5 1.7 0.3 ) 0.70)
1.4: y ]..]. 7

Vertical motion. Duration=220s,

The preliminary tremor lasted for about 9s, during which the maxi-
mum motion was 0.3mm. Then followed two large displacements super-
posed with irregular ripples. The succeeding vibrations were somewhat
smaller but quick in period, so that the character of motion were exactly
similar to that of the horizontal. From the 22nd secoad the vibrations
became slower in period.

Max. 2a=1.0mm, 7, =0.96s; V=38.3mm/s A=214mn/e

The maximum motion occurred 2.4s earlier than the large horizontal
vibration ; the most active portion of the vertical component also ending
2.4s earliar than the corresponding portion of the horizontal.

In this case, the motion was, unlike that in small earthquakes, not
simple and regular, but was irregular and snperposed with ripples. -

The relation between the 2a and 7 is given in the following table.é
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HONGO : VERTICAL MOTION.

2a (mm) “ T (sec.) ” 2a, (mm) ‘T (sec.)
1.1 (.92"
1.0 0.96
0.8 1.06
0.8 0.67
0.8 0.67 o
0.8 70.83(mean)| 0.87 ;0.84(mean)
0.8 1106 0.38 0.39
0.75 0.69 0.38 0.68
0.75 0.77 | 0.31 0.33 ‘
0.75 0.58 S 0.31 1040 :
0.75/ 0.96/ 11029 | 0.26 0.48 ! 041
0.63 ' 0.539 0.28 f'(mea,n) 0.39 [ (mean)
0.63 0.77 o 0.28 ' 1 0.39
0.63 : 0.87 ' 0.13 0.48
0.63 | | 0.68 | 0.13 0.19
0.56 _ 0.48 1 0.13 0.34
0.56 »0.55 mean) 0.77 ) 1.59(mean)
0.5 0391 .
0.5 0.68
0.5 0.55
0.44 0.53
0.44,J ' 0.39/

The average period deduced from 30 vibrations in the end portion

was 0.39s.

Egke No. 155. TFeb. 18,1889 ; 6.27.45 a.m.

Observation at the Cent. Met. Observatory :—

Duration. 120s.
Direction. SW-NE.
Max. HM. 0.2mm.

i

Area of disturbance. 'The total land area of disturbance was 1320

8q. 74, and extended over the following 10 provinces; Musashi, Sagami

(eastern part), Kazusa (western part), Shimosa (western part), Hitachi
(south-western portion), Shimotsuke (southern part), Kotsuke (southern

part), Shinano (eastern portion), Kai (eastern portion), Suruga (north-

eastern portion). The motion was generally weak.
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Hitotsubashi.
Duration=100s. The motion was almost entirely in the E'W direc-
tion, there being no vertical component.
Max. 2a=0.3mm, 7', =0.65s ; V=1.4mm/; A=14.0mm/qs2,
The period remained exactly constant, the average value deduced

from 30 vibrations being 0.74s.

Eqke No. 156. TFeb. 18,1889 ; 7.48.52 a.m.

Observation at the Cent. Met.' Observatory :—

- Duration.  120s. '

Direction. E-W.

Max. HM. Small.

The area of disturbance was nearly identical with that of the preced-
ing (Lqgke No. 1565), the motion haﬁng been felt weakly or slightly.
FEqke No. 157. TFeb. 18,1889 ; 8.2.0 a.m.

Observed as a tremor at the Cent. Met. Observatory.

The area of disturbance was limited to the vicinity of Tokyo.

Eqke No. 158. Feb.18,1889 ; 10.10.56 a.m.

Observation at the Cent. Met. Observatory :—

Duration.  30s. ,

Direction. SE-NW.

Max. H.M. Small.

The land area of disturbance was 1050 sq. i and extended more
in the N-S direction than those of earthquakes Nos. 155 and 156, in-
cluding the following 8 provinces :—DMusashi, Sagami (eastern part), Kai
(north-eastern portion), Kotsuke(south-eastern part), Shimotsuke (south-
western portion), Hitachi (south-western portion), Shimosa (western
part), Kazusa (western porfion).

The shork was felt weakly.

Ligke No. 159. Feb. 19,1889 ; 2.57.43 p.m.
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Observation at the Cent. Met. Obsematofy —
Duration.  15s.

Direction. N-S.

Max. HM. Small.

Character. Gentle.

Faqke No. 160. Feb. 20,1889 ; 9.19.37 p.m.

Observed as a tremor at the Cent. Met. Observatory.;

Fqke No. 161. TFeb. 21,1889 ; 5.562.21 a.m.

Observation at the Cent. Met. Obscrvatory :—

Duration.  15s.

Direction. E-W.

Max. HM. Small.

Character. Sharp.

Hitotsubashi. v

Duration =25s. A very small earthquake, whose motion was entire-
ly in the W direction, there being no vertical component.

Max. 2a=0.183mm, 7, =0.51s; V=08 mmfs 4=9.9 mm/s>

The average period, deduced from 21 vibrations in the. B W compo-

nent, was 0.62s.

Fqke No. 162. Feb. 21,1889 ; 8.19.23 a.m.
Observation at the Cent. Met, Observatory : —
Duration =20s. S o
Direction. N-S.

Max. HM. Small.
Character. Gentle.

Eqke No. 163. Teb. 21,1889 ; 11.1.4 a.m.
Observation at the Cent. Met. Obscrvatory :—
Duration. 30s.

Max. H'M. Very small.
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Character. Gentle.

FEqke No. 164. Feb. 21,1889 ; 9.27.52 p.m.
Observation at the Cent. Met. Observatory :—
Duration.  15s, | -
Direction. N-&S.

Max. HM. Small.
Character. Gentle.

Eqke No. 165. TFeb. 23,1889 ; 11.27.21 p.m.
Observation at the Cent. Met. Observatory —
Dauration.  13s.
Direction. N-S.
Max. .M. Small.
Character. Gentle.

Fake No. 166. DMarch 38,1889 ; 4.35.19 p.m.
Observation at the Cent. Met. Observatory :—
Duration.  30s. ’

Direction. N-S.
Max. HM. 0.2mm (period =0.6s).

FEgke No. 167. March 4,1889 ; 7.24.25 a.m.
Observed as a tremor at the Cent. Mel. Observatory.
Hitotsubashi. . : .

83

Duration=80s. This was a small earthquake, whose motion was

almost entirely in the ZW direction, there being no vertical component.

The maximum vibration occurred at the commencement, the succeeding

vibrations presenting alternations of maximum and minimum groups.
Max. 2a=0.25 mm, 7, =0.65s ; V=1.2mm/s 4=11.7om/s.

The average period, deduced from 44 vibrations in the W compo-

nent, was 0.69s.

Hongo.
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Duration=20s. The motion, which was extremely small, occurred
equally in the two horizontal directions there being no vertical compo-

nent.

Egke No. 168. March 18,1889 ; 6.41.12 a.m.
Observation at the Cent. Met. Observatory :—
Direction.  N-8.

Max. HM. Small.

Ligke No. 169. March 21,1889 ; 6.9.23 p.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 170. Maxrch 26,1889 ; 2.41.48 p.m.
A tremor observed at the Cent. Met. Observatory.

- Eqke No. 171. March 28,1889 ; 1.20.10 a.m.

Observation at the Cent. Met. Observatory : —

Duration.  90s.

Direction. HESE-WNW.

Max. HM. 4.1 mm (period =0.6s).

Max. V.M. 0.6 mm (period=0.5s".

Character. Quick. ‘

Remark. The horizontal preliminary tremor lasted for 4s, when
the maximum horizontal motion suddenly took place. 'The vertical mo--
tion also became active at the 4th second from thé start, its maximum
having occurred 43 later than the horizontal maximum. '

Hongo. :
 Horizontal motion. Duration =80s. The motion consisted principal-
ly of quick vibrations, which were irregular at first but became regular
later on ; there being no prominent movement. The motion was maxi-
mum at the commencement and active only during the first 20s, so that
the intensity decreased rapidly. The amplitude was gréater in the KW
component ; the motion at the start being principally in the KW direc-

tion.
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Max. 2a=0.T mm, 7 =0.25s: V=8.8mnm/s 4=921mm/q.

Another vibration was as follows :— S

Max. 2a=0.5mm, 7,=0.21s; V=7.5mm/s 4=224 mm/s.

The average period of the quick vibrations in the earlier part of the

earthquake was as follows : —

EW component. . . ... 0.27s(deduced from 40 vibrations),
NS » coee. 0298, » 22 ” ).

Towards the end the vibrations were slow and had the following
average periods :—

EW component. . . ... 1.2s (deduced from 6 vibrations),

NS ., ......075s( L 46 ).

- Vertical motion. Duration=60s. The motion was maximum at the
commencement and remained active during the first 25s. The period .
was at first quick, but became slow towards the end. |

Max. 22a=0.23 mm, 7' =0.44s; V=16 m‘m/s, A=235mm/g-
The average period was at first 0.363 (deduced from 22 vibrations),
but in the end portion 0.65s (deduced from 10 vibrations).

FEqke No. 172. March 28,1889 ; 10.22.55 a.m.

Observation at the Cent. Met. Observatory :—

Duration.  75s. '

Direction. SE-NW.

Max, HM. 0.5 mm (period =0.5s).

Max. V.M. Small.

Character. Gentle.

Remark. The motion was active from the commencement, there
being 50 similar vibrations during the first 23s. - The vertical motion
‘was very small and lasted for 40s. |

Hongo.

Horizontal motion. Duration==100s.

The motion began very gently with small slow vibrations.

Max. 20=0.8mm, 7", =0.69s; }'=3.6mm/y 4—=33.2mm/;.

The average period was as follows :—
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EW component. . . .. .0.75s8/deduced from 48 vibrations),

NS o e 1.0s (-, » 36 ” )

Vertical motion. Duration=40s. The motion consisted of small
slow vibrations. : o

Max. 2a=0.2mm, 7. =0.93s; V=0,7mm/; 4—=4.6mm/s-

The average 'r)eriod deduced from 17 vibrations was 0.66s.

Eqke No. 173. March 28,1889 ; 7.18.23 p.m.
Observation at the Cent. Met. Observatory :—
Duration.  20s.

" Direction.  E-TV. _
Max. HM. 0.2 mm (period =0.2s).

Character. Quick. . ,
Remark. The preliminary tremor lasted for 5s, when suddenly the

maximum movement took place, the motion remaining active for the

next bs. -

Fqke No. 174. March 31,1889 ; 6.42.15 a.m.
Observation at the Cent. Met. Observatory :——
Duration.  240s. . '
Direction. SES-NWN.

Max. H.M. 3.8mm (period =2.5s).
Max. V.M. 0.2mm (period =0.6s). -

Character. Gentle.
Remark. The motion was at first very small, the horizontal move-

ment becoming active at the 5th second and reaching the maximum at
the 256th second. The vertical maximum occurred at the 15th second,
the motion lasting altogether for about 25s.

Hongpo.

Hovrizontal motion. Duration =200s. The motion consisted of slow -

undulations, superposed with some small ripples.
Max. 2a=1.2mm, 7 ,=1.13s; V=383mm/, 4=190mm/q>

Thé average period was as follows :—
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EW component. . . ... 1.24s (deduced from 16 vibrations),
NS L, . 1125 ( ,, o, 40, )

Vertical motion. Duration=65s. The motion was at first irregular
and there was no prominently large movement.

Max. 2a=1.4mm, 7 =0.82s; V=>54mm/; 4=41.0mm/q.

The quick vibrations at the commencement had an average period

-of 0.12s. Towards the end the average period was 0.83s..

Egke No. 175. March 31,1889 ; 8.13.3 a.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 176. March 31,1889 ; 5.569.42 p.m.

Observation at the Cent. Met. Obszrvatory :—

Duration,  120s. '

Direction. SW-NE.

Max, HM. 1.2mm (period=0.7s).

Max. V.M. Very small.

Character. Gentle. ,

Remark. The earthquake began with very small movements, the
‘maximum horizontal motion occurring at the 30th second. For the next
60 seconds the motion was more or less active. The vertical ‘motion
lasted for 50s. |

Hongo.

Horizontal motion. Duration =240s. The motion, which began very
._,gra,dua,lly; was more in the E'W direction and consisted of slow vibra-
tions. The following well defined movement took place a few seconds
from the commencement : — : ‘

Max. 2a=0.6mm, 7'=1.43s; V=13 mm/; 4=>58mm/e

For the next 7.8s during which the motion was irregular, small
‘ripples were superposed on slow vibrations; the average period being
0.49s.  The motion then became gradually regular and increased in
-amplitude, till the following maximum took place at the 80th second :—

Max. 2a=1.1mm, T, =2.1s; V=16 mm/y 4=4.9 mm/;e
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The vibrations remained nearly constant for a considerable length of
time. ‘ / t

The average period of vibration was as follows :—

EW component. . . ... 2.32s (deduced from 24 vibrations),

NS » co 1198 (0, , 08 ” ).

Vertical motion. Duration=60s. The motion was very small and.
consisted of slow vibrations.

Max. 2a=0.01 mm, 7,-=0.51s; V=small, 4 =small.

The average period deduced from 13 vibrations was 0.54s.

Eqke No. 177. April 3,1889 ; 4.27.21 p.m.

Observation at the Cent. Mel. Observatory :—

Duration.  90s.

Direction. SE-NW.

Max. HM. 1.5mm (period =0.7s).

Max. V.M. 0.2mm (period =0.3s).

Character. Quick. ,

Remark. The preliminavy tremor lasted for 3s, when the maximum
horizontal motion suddenly took place, the movements being active for the
next 20s. The maximum of the vertical motion, which was already well
pronounced at the commencement, took place at the 2nd second, the
motion being active for the next 10s. The duration of the vertical com-
ponent was about 32s.

Hongo.
Horizontal motion. Duration=80s. The motion, which was greater-

in the ' than in the NS direction, consisted at first of small quick.
vibrations. Towards the end the movements became regulﬁr and slow.
Max. 2a=0.3 1nm, T.=0.26s; V'=3.6 mm/y 4 =87.5 mm/, » |
In the W component, the average period of the earlier quick vibra-
tions was 0.19s (deduced from 70 vibrations), while that of the slow un-
dulations in the end portion was 1.6s (deduced from 6 vibrations). In.
the NS component, the superposed ripples were insignificant, the average-

period of the slow movements, deduced from 34 vibrations, being 0.79s.
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Vertical motion. Duration=40s. The motion was maximum at the
commencement. ‘

Max. 2a=0.06 mm, 7',=0.32s ; V=small, 4=small. ,

The average period was at first 0.27s (deduced from 13 vibrations),
but towards the end 0.55s (deduced from 10 vibrations.. -

Eqke No. 178: April 3,1859 ; 4.40.51 p.m.
A tremor observed at the Cent. Met. Observatory:.

FEqke No. 179. ‘ April 6,1889'; 7.40.13 a.m.
Observation at the Cent. Met. Observatory :—
Duration.  50s. -
Direction. SW-NE. ,
Max. HM. 0.3mm (period =0.5s".
Max. VM. Very small.
Character. Quick.
Hongo. '
Horizontal motion. Duration=25s.
Max. 22=0.26 mm, 7, =049s ; V=1.Tmm/; 4=214mm/g -
The average period, deduced from 4 vibrations in the NS compo-
nent, was 0.6s. .
Vertical motion. Duration=20s. The motion was very small. The

average period, deduced from 11 vibrations, was about 0.23s.

Egke No. 180. April 8,1889 ; 0.48.0 p.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 181. April 14,1889 ; 5.22.54 a.m.
A tremor observed at the Cent. Met. Observatory.

Eqke No. 182. April 18,1889 ; 2.7.41 p.m.
Observation at the Cent. Met. Observatory :—

Duration. _—

Direction. ESE-WNW.
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Max. H.M. 0.8mm (period=1s.

Max. V.M. 0.2mm (period:=0.7s).

Character. Gentle.

Area of disturbance. The earthquake, which ~originated under the
sea between Izu and Oshima, had a radius of propagation of about 120
ri. The land area of disturbance was 3050 sq. 7 and included the
following 16 provinces :—Izu, Suruga, Sagami, Awa, Kazusa, Shimosa, |
Musashi, Kai, Totomi, Mikawa, Owari, Hitachi, Shimotsuke, Kotsuke,
Shinano, Mino. The area of strong motion was 160 sq. ri and included
the pmvinoes of Izu, Suruga (south-eastern portion), Sagami (south-
wester. portion), and Awa (south-western part). ~Within an area of
about 20 or 30 sq. 7, in the southern part of Izu, the earthquake was
especially severe ; the motion, which lasted for about 3m, being in the
EW divection. Thus, liquids were thrown out towards & and W, while
some suspended articles swayed also in the same direction. At the
town of Shimoda (province of Izu), an old dozo style tile-roofed house
was shaken so strongly, that about 10x8 feet of its wall was thrown
down. The area of weak motion was 960 sq. 7t and included the
provinces of Sagami (north-eastern part), Suruga, Totomi, Kai (southern
part), Musashi (southern portion), Shimosa (south-western portion),
Kazusa, Awa. Within this latter area the earthquake was felt distinctly.
Finally, the area of slight motion, within which the motion was just
sensible, was 1930 sq. ¢ and included the provinces of Shimosa (north-
eastern part), Hitachi (southern part), Musashi (northern part), Shimo-
tsuke (southern portion), Kotsuke (southern t)art), Kai \northern portion),
Shinano (southern pdrt), Mikawa, Owari, Mino (eastern portion)., It
is to be remarked that, in the Island of Oshima, the shock was felt only
weakly. |

Hongo. ‘
- Horizontal motion. Duration=9m. The earthquake whose motion

was nearly equal in the two horizontal components, begaﬁ very geutly
with extremely small slow movements, which lasted for 100s and whose

average period was as follows :—



MACRO-SEISMIC MEASUREMENT IN TOKYO. I. 91

- EW component. . . ... 0.48s (deduced from 31 vibrations),
NS s L8s ( ., L, 29 N )

After the preliminary tremor, the movements became very large
and slow, the maximum being the following : —

Max. 2a=17mm, 7', =2.8s; V'=19.0 mm/, 4 =427 mm/q.

Other waves had still longer periods. The average period, deduced
from 11 undulations in the end part of the W component, was 6.5s.
| Vertical motion. Duration=0m: The motion consisted of extremely
small slow undulations. The preliminary tremor lasted for about 100s,
when the following maximum took place :—-

Max. 2a=1.5 mm, 7,=0;31s; V=15.2mm/y 4==308 mm/q

The maximum was single and Well defined, all the rest being small

and irregular.

FEqke No. 183. April 18,1889 ; 2.54.11 p.m.
A tremor observed at the Cent. Met. Observatory.
The earthquake was also felt at the Miura District, province of

Sagami.

Fgke No. 184. April 18,1889 ; 3.39.8 p.m.
Observation at the Cent. Met. Observatory :-—
Direction. SE-NW. o |
Max. HM. 0.3mm(period =0.9s).

Character. Gentle.

Area of disturbance. The land avea of disturbance was 1410 sq.. 7L
and extended over the following 11 provinces :— Izu, Shimosa, Sagami,
Musashi, Kazusa, Awa, Surugaleastern part), Kai (eastern pal_"t-),‘ Kotsuke
(south-eastern portion), Shiotsuke (southern portion), Hitachi (southern
portion). The intensity was weak or slight, the motion being generally
slow and horizontal. In Oshima, the shock was felt very slightly.

Hongo.

Horizontal motion. Duration=60s. The motion, which occurred
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equally in the two horizontal directions, consisted of small gentle vibra-
tions.

Max. 2a=0.1 mm. ,

The average period was as follows —

EwW component .. ....0.48s (deduced from 21 v1bla,t1ons),

NS po e 0.68s( ,, s 21 -, ).

Vertical motion. Dumtlon =25s.

‘Max.2a=0.05 mm, 7,=0.3Ys; V=04 mm/s 4=65mm/:

The average period deduced from 23 vibrations was 0.43s.
Eqke No., 185. April 18,1889 ; 4.0.1 p.m. °

A tremor observed at the Cent. Met. Observatory.

Eqke No. 186.  April 19,1889 ; 0.18.46 a.mn.
A tremor obgelved at the Cent. Met. Observatory.

v Fqke No. 187. Aprxil 19,1889 ; 2.29.19 a.mn.”
A tremor observed at the Cent. Met. Observatory.

Eqke No. 188. April 19,1889 ; 3.0.27 p.m.
Observation at the Cent. Met. Observatory :—
Duration.  50s. |
Direction. SW-NE.

Max.HM. 0.2 mm/(period 0.6s).

Character. Gentle.

Lgke No. 189. April 19,1889 ; 5.50.39 p.m.
Observation at the Cent. Met. Observatory : —
Duration. - 90s.

- Direction. E-W.

"MaxHM. 0.2mm (period =0.6s).
Max.V.M. Very small.
Character. Gentle,

Eqke No. 190.  April 19,1889 ; 10.53.55 p.m.
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Observed as a tremor at the Cent. Met. Observatory.
Hongo. _
Duration=>50s. This was a very small earthquake whose motion
consisted of gentle vibrations, chiefly in the NS direction.
Max.2a=02mm, T,=1.1s; V=0.6 mm/; 4—3.3 mm/;.
The average period, deduced from 13 vibrations in the NS compo-

nent, was 1.0s.

Eqke No. 191. April 20,1889 ; 4.50.33 p.m.
A tremor observed at the Cent. Met. Observatory.

FEgke No. 192. April 28,1889 ; 3.7.43 a.m.
Observation at the Cent. Met. Observatory :—
Duration.  30s.
Direction. E-W.
Max. H M. Small
Max. V.M. Very small.
Character. Gentle.
Hongo.
Duration =60s. :
Max. 2a=0.2mm, 7.=0.67s ; V=09 mm/; 4=8.8mm/; -

Ligke No. 193.. April 29,1889 ; 1.566.28 a.m.
Observation at the Cent. Met. Observatory : —
Duration.  20s.

Direction. E-W.
Max. H.M. Small.
Max. VM. Very small.

Fgke No. 194. May 6,1889 ; 11.41.41 p.m.
Observation at fhe Cent. Met. Observatory : —
Duration.  60s,

Direction. NEN-SWS.
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Max. HM. 0.4 mm (period =0(.5s).

Max. V.M. Very small.

Character. Sharp.

Hongo. '

Horizontal motion. Duration=120s. The max. 2a (=0.4 mm) oc-
curred at the commencement, the subsequent motion consisting of ex-
tremely small ripples superposed on slow undulations.

TLe period of the ripples, which existed chiefly in the £ direction,
was 0.21s (deduced from 29 vibrations). The average period of the slow
undulations was as follows :(— .

ETV component. . . .1.3s (deduced from 11 vibrations),

NS ”» oG Lds (O » 98 » ).

Vertical motion. The motion was very small.

Fqke No. 195. May 8,1889 ; 5.5.34 a.m.
Observation at the Cent. Met. Observatory : —
‘Duration.  30s.
Direction. N-S.
Max. H.M. Small.
Max. V.M. Very small.
Character. Gentle.

Lgke No. 196. May 8,1889 ; 0.24.7 p.m: .
A tremor observed at the Cent. Met. Observatory.

Ligke No. 197. May 12,1889 ; 10.42.11 a.m.
Observation at the Cent. Met. Observatory :-—
Duration. 120s.
Direction. SES-NWN.
Max. HM. 0.6mm (period =2.0s).
Character. (entle. -
Area of disturbance. The earthquake was the greatest which happen-

ed since the winter of 1884, and which originated in central Japan, the
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disturbance extending over the whole tract between Shimotsuke and
Musashi on the north-east, and Bitchu, _Aw.a and Sanuki on the west.
The total land area of disturbance was 4800 Sq 7i and included the follow-
v‘ing 87 provinces : —Mino, Owari, Ise, Mikawa, Totomi, Omi, Iga, Yama-
shiro, Wakasa, Echizen, Hida, Suruga, Kai, Izu, Sagami, Musashi, Shi-
mosa (northern portion', Shimotsuke south-western portion), Kotsuke
(southern portion), Shinano (southern part), Etchiu (southern part), Shima,
- Kii, Yamato, Izumi, Kawachi, Settsu, Tanba, Tango, Awaji, Tajima (east-
ern portion), Harima (eastern part), Bizen, Bitchu (eastern portion),
Sanuki (eastern part), Awa (eastern parf).- The aren of strong motion was
1500 sq. i and included the following provinces :-— Mino (southérn paxt),
Owari, Mikawa, Totomi, Suruga (fvestern portion), Shinano (south-west-
ern portion), Ise (northern part, Iga (northern part), f)mi,‘ .Yamashiro
(eéstern part), Tanba (eastern portion), Wakasa (eastern part), Echizen
(southern part), Hida (southern portion); the shock being especially
- severe in the area of 220 sq. »i, which included Mino (southein part),
Owari (northern pa,rt). The area of weak motion, within which the
shock was distinctly. felt, was 1630 sq.7t and extended over Xchizen
(northern portion), Kaga (southern part), Hida \cen‘tral part), Shinano
(central portion), Suruga (central part), Kai (western part), Shima, Ise
(southern portion), Iga (southern portion), Kii (eastern portion), Yamato,
Kawachi, Izumi (eastern part), Yamashiro (western portion), Settsu (east-
ern part), Tanba (cenfml part , Wakasa (western portion), Tango (eastern
portion). Finally the area of slight motion, within which the shock was
just sufficiently intense to be felt, was 1670 sq. i and extended over Kaga
(northern part , Etchiu (southern part , Hida (northern portion), Shinano
(northern part), Kotsuke (southern portion), Shimotsuke (south-western
portion), Shimosa {(northern portion), Musashi, Sagami, Tzu, Suruga (east-
ern portion), Kai (eastern portion), Kii (western part), Izumi (western
part), Awaji; Settsu (western portion), Tanba (western portion), Tango
(western part), Tajima (eastern portion), Harima (eastern part), Bizén,
Bitchu (eastern portion), Sanuki (eastern part), Awa (eastern part). In

the meisoseismal area the motion was so violent that some damage was
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produced. Thus in the vicinity of Gifu, the Nagara-gawa embankment
was cracked for some length at a locality called Jomon ; bottles and
earthen wares were thrown down from shelves; pendulum clocks stopped,
ete., Accordiﬁg to the observation at Gifu Meteorological Observatory, the
duration of the earthquake was 2m 30s ; the preliminary tremor lasted for
3s, when the motion became strong ; at the 5th second, the NS compo-
nent indicated a movement of about 15mm; immediatety thereafter
strong EWW component motion also set in and threw the sfeady masses
of the seismograph out of their position, so that the subsequent move-
ments could not be measured. The earthquake was much stronger
than that of July 7, 18388. The damage produced in some of the Districts
of the province of Mino was as follows : — (Haguri District) waters in
puddy fields were rendered turbid in consequence of the shakings ;
(Anpacli District) liquids were thrown out, suspended lamps oscillated
considerably, and pendulum clocks facing S or NV were stopped ; (Mofosu
District) some vessels were overturned ; (Mugi District) walls of houses,
whose foundation was not solid, were cracked, and liquids were thrown
out ; (Kani District) some pendulum clocks facing N stopped; Kamo
Distriet) some pendulum clocks stopped. In Aichi Distriet, in the pro-
vince of Owari, pendulum clocks facing N or § were stopped.

Hongo. ,
Duration=120s. The earthquake, which began very gently, con-

sisted of regular slow vibrations ; there being no vertical motion.
Max, 22=0.5 mm, 7,=1.16s; V'=1.6mm/; 4=82 mm/s>
The average period of vibration was as follows : —

EW component. .. ... 1.24s (deduced from 10 vibrations),
NS 5 eeees Llds (0, , 03 " ).

In earthquakes of this character, the amplitude remains, with some
alternations of maximum and minimum groﬁps, nearly constant for a
considerable length of time and does not decrease so rapidly as in those.
earthquakes, whose motion is irregular &nd is superposed with ripples

or entirely made up of these latter.

Eqke No. 195. May 17,1889:: 6.39.15 a.m.
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A tremor observed at the Cent. Met. Observatory.

Eqke No. 199. May 17,1889 ; 8.34.25 a.m.

A tremor observed at the Cent. Met. Observatory.

Eqke No. 200. May 17, 1889 ; 9.20.35 a.m.

A tremor observed at the Cent. Met. Observatory.

Eqke No. 201. May 17, 1889 ; 9.39.37 a.m.

A tremor observed at the Cent. Met. Observatory.

Eqke No. 202. May 17, 1889 1.46.32 p.m. -
Observation at the Cent. Met: Observatory : —
Duration. 30s.

Max. H.M. Small.
Hongo.

The motion was very small. -

Eqke No. 203. May 20, 1889 ; 0.28.30 p.m.

A tremor observed at the Cent. Met. Observatory.

Eqke No. 204. May 27, 1889 ; 6.22.56 p.m.
Observation at the Cent. Met. Observatory :—
Duration. 120s.

Direction. E-IW.
Max. HM. Very small

Eqlke No. 205. May 28, 1889 ; 5.26.22 a.m.
Observation at the Cent. Met. Observatory :—
Duration. 15s,

Direction. E-T1V.
Max. HM. Small.

Egke No. 206. May 28, 1889 ; 7.4.55 a.m.

9
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Hongo.
The motion was very small.

‘qke No, 207. May 30, 1889 ; 10.27.22 p.m.

Observation at the Cent. Met. Observtory :—

Duration.  120s. '

Direction. SE-NW,

Max. HM. 0.4mm (period =0.8s).

Character. Quick.

Hongo.

Horizontal motion. Duration=180s. The preliminary tremor, which
consisted of very small anl gentle movements, lasted for 605, when
3 large vibrations suddenly took place. The subsequent motion was
small and regular. | |

Max. 20==0.56mm, 7, =1.12s; V=1.6mm/s 4=88mm/s.

The average period, deduced from 20 vibrations in the NS com-
ponent, was 1.13s. The motion was much larger in the NS than in the
EW direction. ‘ '

Vertical motion. Duration = 90s. 3

Max. 22=0.06 mm, 7' ,=0.32s; V=0.6 mm/s A4=11.6 mm/s2

Eqke No. 208. June 1,1889; 6.15.21 p.m.

Observation at the Cent. Met. Observatory :—
Duration. 25s.
Direction. E-W.
Max. HM. 0.2 mm (period =0.5s).
Character. Gentle.

Hongo.

" Duration=50s. This was a very small earthquake, whose motion

was nearly equal in the two horizontal directions.

Ligke No. 209. June 3, 1889 ; 1.51.30 p.m.

Observed as a tremor at the Cent. Met. Observatory.
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Hongo.

The motion was very small.

Fgke No. 210. June 3,1889; 2 p.m.
Hongo.

The motion was very small.

Lqke No. 211. June 14,1889 ; 0.26.41 p.m.
Observed as a tremor at the Cent. Met. Observatory.

Eqke No. 212, June 15, 1889 ; 10.10.2 a.m.

Observation at the Cent. Met. Obszrvatory : —

Duration.  50s.

Max. HM. Small.

Character. Gentle.

Hongo.

Duration==30s. This was a small earthquake, whose motion was
nearly equal in the two horizontal directions and consisted of regular
slow vibrations; there being no vertical component. The maximum
cccurred at the commencement.

Max.2a=0.14 mm, 7’ ,=0.84s; V=0.5mm/s 4--3.9 mm/g. ‘

The average period, deduced from 17 vibrations in the NS compo

mnent, was 0.88s

Lqke No. 213. June 16,1889 ; 2.31.24 p.m.
Observation at the Cent. Met. Observatory :—
Duration.  30s.

Direction. SE-NW.
Max. HM. Small.
Character. Quick.
Hongo.
Horizontal motion. Duration=15s.

Max 2a=0.1mm.
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The earlier portion of the ETW component consisted of ripples, whose-
average period was about 0.21s. ) 1 -
Vertical motion. Small traces of vertical motion occurred only for a.

few seconds.

Eqke No. 214, June 20,1889 : 9.561.10 p.m.

Observation at the Cent. Met. Observatory :—

Duration.  90s. '

Direction. SE-NW.

Max H.M. 0.5mm (period=0.6s)..

.Max V.M. Small

Character.  Quick.

Hongo. |

Horizontal motion. Duration=90s. In each horizontal component,
the motion, which consisted at first of very small ripples, became-
gradually regular. |

Max. 2a=0.1 mm, 7 =0.56s; V=0.6wmn/, 4:-=63mm/g.

The average period of the ripples was as follows :— |

EW component. ... ...0.20s(deduced from 19 vibrations),

- NS s e 0.20s( ,, s 18 ,oo )i

The average period of the regular waves in the end portion was.
0.56s (deduceed from 51 vibrations in the KTV component).

Vertical motion. Duration=70s. The motion, which was maximum
at the commencement, consisted of a series of small quick vibrations.
decreasing gradually. _ , . ‘

Max.2a=0.06mm, 7,=019s; F=1:0mm/, A-=33mm/e,

Towards the end, the vibrations became slow; the average period

deduced from 32 vibrations being 0.57s.

Eqke No. 215. June 27,1889 ; 7.9.17 a.m.
Observation at the Cent. Met. Observatory: —
Duration.  60s.

Direction. E-W.
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Max. HM 0.5mm (period =2.5s). .
Character. Gentle.
Hongo. - % L ‘

Duration=90s. The motion, which occurred equa,il_ly‘,‘_:iuv the two-
horizontal components consisted of small slow vibrations fmd gradually
attained the maximum, thence again very gradully vdil_nimi‘_shing . There
was no vertical motion. RO oo

Max. 22=0.2 mm, 7 =1.14s; V=0.6 mm/y A =3. 2 mm/q

The average perlod of vibration was as follows s

EW component . . . ...l.4ds (deduced from 8 vibrations),.

NS " o L19s .o 86,

| que No. 216.  July 3,1889; 5.39.58 p.m., . -

Observation at the Cent, Met. Observatory :—

. Duration.  40s. . ' ‘ |

Dir_ecﬁon; E-w. o

Max. HM. 0.3mm(period=0.5s).

Max. V.M. Very small.

Character. Quick.

Hongo. ‘ ST

Duration=380s. The motion, which was almost entirvely in the KW
directioﬁ, began with the maximum vibration, the subsequent portion
consisting of extremely small movements. Towards the end, the motion
became regular. There was no vertical motion. |

Max. 2a=0.24mm.

In the EWW component, the average period of the earlier ripples,
deduced from 19 vibrations, was .0.203, “while that deduced from 13

vibrations_in the end portion was 0.43s.

quce No. 217. July 5,1889 ; 6. 22 31 p.m. ,
A tremor observed at the Cent. Met. Observatory.

Ligke No. 218. July 5,1889; 8.57.9 p.m.
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A tremor observed at the Cent. Met. Obszrvatory.. .

Kqke No. 219. July 18,1889 ; 10.33.18 p.m.
Observation at the Cent, Met. Obscrvatory :—
Duration.  3bs.
Dirvection. N-S.
Max. H M. Small.
Character:  Sharp.
Hongo.
Duration=380s. The motion coasisted of small quick vibrations.
The vertical motion was very small. :
Max.2a-=0.1 mm, 7, =020s; V=1.6mm/, 4=493 mm/q.
'The average period of vibration was as follows :— ‘
EW component. .....0.19s (deduced from 27 vibrations),
NS po e 017s ( U - ).
The average period, deduced from 14 vibrations. In the end portion
of the EW component, was 0.28s.
Eqke No. 220. July 30,1889 ; 2.3.40 a.m. S
Observation at the Cent. Met. Observatory :—
Duration.  10s.
Direction. FE-1V.
Max. HM. Small.
Character. Gentle.
Hongo.
Duration=15s. This was a very small earthquake of the same
character as the preceding. The vertical motion was extremely small.
- Max. 2a=0.Imm, T ,=025s; V=13mm/s 4=31.6mm/s:
The average period was in the earlier part 017s (deduced from 10

vibrations:, and towards the end 0.44s (deduced from 6 vibrations).



