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1. Since the clegant study made by Professor T. Shida, the obser-
vations of the initial motions of an earthquake became very significant
among observations of many phenomena accompanied by an earthquake
to inform us the mechanism of the earthquake. Afterwards, the studies
of this problem were much improved by many investigators from both
the theoretical and observational sides. Among the investigations the
study made on the problem by Professor K. Sezawa” and the study
based on observed data made rccently by Professor M. Ishimoto® are
specially mentioning. By these investiagtions the mechanisms of many
earthquakes were quite cleared up.

Now, the experimental observations of the shakings of the ground
caused by artificial sources, for example, the explosion of the dynamite
and the fall of a weight on the surface of the ground, were fully made
by Professor J. Milne”. IHe stated about the initial. motions of these
artificial earthquakes as follows.

Near to an origin the first motion is outwards. At a distance from
an origin the first motion may be inwards. As to whether it will be
inwards or outwards is probably partly dependent on the intensity of
the initial disturbance and on the distance of the observing station from
the origin.

It seems to us that at a distance from an origin the first outwards
motion might be extinguished by the absorption of the soil on the
way to the recording station and the second inwards motion which is
usually greater than the first motion might be observed as the initial
motion.

Afterwards, Professor FF. Omori and Professor A. Imamura® observed
the shocks caused by dynamite explosions in the military exercise ground
at Akabane, near Toky6. They found that the direction of the initial
displacement of an earth particle at the surface in these earthquakes
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were outwards from or inwards to the origin according to the origins
of explosions were at or some depths below the surface of the ground
respectively.

2. The authors are now carrying out the experiments on artificial
earthquakes in the yard of the branch station of the Earthquake Re-
search Institute at Komaba, Tokyd. We are mainly studying the initial
motions of the shocks caused by the explosions of the explosives en-
closed in pipes both ends open or closed at one end, and by the fall of
a heavy weight on the surface of the ground or into the pits digged at
several depths in the ground.

This note is the preliminary report of the latter.

For example, the arrangements of an experiment are shown in
Fig. 1. The recording instruments are horizontal pendulums, the each
heavy bob is a cylinder weighing about 300 gr. and the each magnifi-
cation is about twelve times. '

The each pendulum has a proper period of about 0-11 sec. and has
no damper.

The weight is a iron cylinder weighing about 15 kg. and the dia-
meter is about 19 e¢m. The amount of the fall of the weight is always
about 70 cm.

The pits were digged at 30 cm., 50 em., 75cm. and 100 ¢m. in the
ground as narrow as possible to be sufficient for the fall of the
weight.

The recording apparatus were mounted at 50 cm., 100 cm., 150 cm.,
200 cm. and 250 cm. apart from: the origin.

Some of the records obtained by these experiments are shown in
Figs. 2 and 3, and the results of observations of the initial motions are
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plotted in Fig. 4. In the figure the absissa represents the epicentral
distance and the ordinate represents the amount of the initial displace-
ment asrecorded. It will be seen in the figure, the initial motions were
“ push ”” when the weight had fallen to the surface of the ground. Moreover,
in this case, the amounts of initial displacements diminished proportionally
to the inverse square of the distance
from an origin. When the weight had
fallen into a pit sufficiently deep, the
initial motions near to the origin were
“pull” and at a distance from an
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origin they were “ push ”. By the way, X
the periods of waves in these earth- 2 -
quakes mostly are about 0:025 sec. N
3. It scems to us that there are 4
two possible explanations for the phe- '* PP NV

nomena above stated. .

a. The first one is as follows. , ﬂ/_\
Near to the origin the ground depre-
ssed and at a distance from the origin
it bulges out by the impact of the fall -,
of a weight, so that the initial motion . .

. . Fig. 4. The relation between the
is inwards or outwards according to amount of initial motion and the
the distance of the observing station epicentral distance.

from the origin. D is the depth of the pit.

b. The second and more probable explanation is as follows. The
impact of the fall of a weight may be taken as a doublet force with-
out moment. The dilatational wave spreads out downwards and the
condensational wave. spreads out upwards from the portion of the ground
impacted by the fall of the weight. The nodal plain lies horizontally
under the base of the weight. If the velocity of propagation of elastic
waves in the ground instead of being constant throughout the medium
increases according to the depth, the nodal plain is bent up to the sur-
face of the ground at some distance from the origin, so that the initial
motion is “pull” or “push’ according to the distance is near to or
apart from the origin.

The epicentral distance where the nodal surface bent up to the
surface of the ground may be given by the following equation :

A — 1 ’vd h
Ve
0 ol .

where v is the velocity of the elastic wave at any point, v, is that at
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4=100cm. (Push) (Full size the actual)

4=150cem. (Push) (Full size the actual)

4=200c¢m. (Push) (Full size the actual)

4=250cm. (Push) (Full size the actual)

Fig. 2. The shakings of the ground caused by a fall of

a weight into a pit of 30 em in depth,
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4=100em. (Pull) (Ill size the actual)
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4=150cm. (Pull) (Full size the actual)

4=200cm. (Push) (Full size the actual)

A4=2350¢em. (PPush) (Full size the actual)

Fig. 3. The shakings of the ground caused by a fall of

a weight into a pit of 100em in depth.
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the surface of the ground, « is the emergency angle of the nodal sur-
face and H is the depth of the pit.

Now, we assume that the wave velocity increases linearly as the
depth increases.

Vv="vo+ch.
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where 1 is the wave velocity at the depth of the pit.

Then,

Next, H =ﬂ<l _1>.
c\ee
Eliminating o« from these two equations, we obtain
_ _2Hw
-_H:z'

Generally, we will obtain different value for the constant ¢ for each
experiment changing the depth of the pit, and we can reduce the elastic
condition in the earth. In the case of our experiment, when the depth
of the pit is 75cm. the value of ¢=6'05 %, and when the depth of the
pit is 100 cm. the value of ¢=1'6 w. This fact suggests that near the
surface of the ground the wave velocity diminishes suddenly as the
depth decreases.

4. The experiments above stated may serve as examples to
depression earthquakes or volcanic earthquakes accompanied by the
eruptions of a volcano. In the latter case, the reaction of the eruption
may be equivalent to the impact of the fall of a weight into a pit.
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