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tigation of Téhoku District?, it may be said that the depth of the Mo-
horoviti¢ discontinuity in the north-eastern Honsyd is about 20-30 km.
This result was also obtained by one of the writers few years ago from
the observed travel time curves of shallow earthquakes®.

The fact that earthquakes near Tukuba occur deeper than 30 km is
well-known to Japanese seismologists. Combining this fact and the cru-
stal structure obtained above, it may be said that at least in the
northern part of Kwanté District almost all the earthquakes occur below
the Mohorovi¢ié discontinuity. Thus, a clear correspondence between
the crustal structure and the position of earthquake foci is established
in Japan for the first time.

In deriving these models, members of our Research Group for Ex-
plosion Seismology joined in our discussions and gave us valuable sug-
gestions for which our sincere thanks are due.
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1. Introduction

A transducer of the pendulum type having a natural period of
over about 0.2 sec is necessary to keep the supporting bed of the pendulum
level. Vibrographs of the usual type can scarcely be operated at such
special places as a bored hole, the bottom of a river or the sea, the
upper part of tall chimney-like structures, narrow spaces and other
complex places.

In order to get round such difficulties in operating vibrographs of
comparatively long period, we adopted a system of self-levelling. The
principle of the self-levelling type of pendulum adopted here is as fol-
lows :

(i) the supporting ecasing of the vibrograph pendulum consists of
a. simple pendulum,

(ii) in the stable condition a simple pendulum system can keep
the bed of the vibrograph pendulum level,

(iii) before setting a vibrograph, its simple pendulum system is
free,

(iv) after the supporting bed of the vibrograph pendulum becomes
level, the simple pendulum system is fixed by some mechanism.

The details of the construction of this self-levelling vibrographs are
explained in the following sections.

‘2. Self-levelling type of vibrograph pendulum

Fig. 1 shows the schematic figure of the self-levelling type of vi-
brograph pendulum designed by us. In Fig. 1, (i) a mass and a spring
compose a vibrograph pendulum, (ii) string and inner casing enclosing
the vibrograph pendulum form a simple pendulum, (iii) paraffin fixes the
simple pendulum system to the outer casing, (iv) a heater makes the
simple pendulum system free from the outer casing by melting the
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paraffin and (v) the outer casing is installed at the measuring place.
Next, the operation process of the self-levelling type of vibrograph
will be explained. After the trans-

o /‘/Q) ducer has been installed at the obser-
V <

vation place, electric current is sent

L/@) to the heater in order to melt the
®\\\ / paraffin which fixes the inner casing
to the outer casing. After about 2~4
minutes, the paraffin melts perfectly
and at the same time the inner casing
forming a simple pendulum becomes
free, and then the supporting bed of
transducer pendulum becomes level
after the inner casing has repeated
damped free vibrations. At that mo-

Fig. 1. Schematic figure of the self-
levelling system of transducer.

®; hanging string, ment when the supporting bed of the
®; inner-casing, transducer pendulum has become level,
®; paraffin, the buzzer sounds because the electric

@®; electric heater,

®; outer-casing. contacts between the vibrograph pen-

dulum and the inner casing are broken.
About 1~2 minutes after the buzzer sounds, the electric current of the
heater is cut off. Within about ten minutes after the current of the
heater is cut off, the paraffin sets satisfactorily and the inner casing is
fixed perfectly to the outer casing. Then all is ready for the observa-
tion of vibration.. It takes about 15 minutes from the time that the
transducer is installed.

3. A self-levelling vibrograph for observation at bored hole-bottom

The plan and the photograph of a self-levelling transducer for ob-
servation at 100 mm bored hole-bottom are shown in Figs. 2, 8 and 4. In
this design, the natural period of the inverted pendulum is 0.8sec. In
order to make the center of gravity of the inner casing lower, a lead block
is set at its bottom, and the natural period of the inner casing becomes
about 0.5sec. As the allowable inclination between the center lines of
the inner and outer casings is 15°, the present transducer can be used
at the place where the inclination angle is less than 15°. The total
weight of transducer is about 4 kg and its sensitivity is 0.58 volt/kine.
The overall frequency response curve of the present vibrograph, in which
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Fig. 2. Plan of the self-levelling transducer for a 100 mm bored hole-bottom. @; han-
ging-chain, @; inner-casing, (®; paraffin, @; electric heater, ®; coil, (§; permanent magnet,
@; magnetic frame, ®; plate spring, @; lead block, @); rubber packing, @; electric
contact for buzzer, @; outer-casing.

the transducer is combined with an amplifier and a recoder of the
scratching smoked paper type, are shown in Fig. 5.

Simultaneous records of a microtremor at neighbouring places by
this vibrograph and a vibrograph of the usual type are shown in Fig. 6.
As seen in Fig. 6, the records of the two kinds of vibrograph coincide
considerably with each other.

The representative record of an earthquake obtained at a depth of
21 m in a 100 mm bored hole-bottom is shown in Fig.7. (The results of in-
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Self-levelling trans-

ducer for a 100 mm bored hole-

bottom.

Fig. 4. Inner parts of the self-levelling transducer
for a 100 mm bored hole-bottom.
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Fig. 5. Overall frequency response curve of the self-levelling

vibrograph for a 100 mm bored hole-bottom.
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vestigations concerning these observations will appear in the forthcoming
Bulletin.)

4. Self-levelling vibrograph for observation at water-bottom

The plan and the photograph of a self-levelling vibrograph for ob-
servations at deep water-bottom are shown in Figs. 8, 9, 10 and 11,
respectively. The mechanism of this transducer is somewhat different
from that for bored hole use mentioned in the preceding section, because
with this the size is scarcely restricted.

The push-pull system of electric circuit consists of two pairs of
magnets and coils. The natural period of the inverted pendulum is 1.0
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Fig. 8. Plan of the self-levelling transducer for observation at deep water-
bottom. @; hanging-chain, @ inner-casing, ®; paraffin, @; rubber packing, @;
electric contact for buzzer, @; outer-casing.
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Fig. 9. Plan of the inner parts of the self-levelling transducer
for use at deep water-bottom. (@); electric heater, (®; coil-bobbin,
®; permanent magnet, (7); magnetic frame, (®; plate spring, ®;
lead block.

sec. The sensitivity of the transducer is 3.5 volt/kine. The allowable
inclination of the place where the transducer will be installed is 45°.
The total weight of the transducer is 14.2 kg.

The overall frequency response curve of the vibrograph, in which
the transducer is combined with an amplifier and a recorder of the
scratching smoked paper type, are shown in Fig. 12.

Simultaneous records of microtremors at neighbouring places by this
vibrograph and a vibrograph of the usual type are shown in Fig. 13.
As seen in Fig. 13, the vibration-characteristics of two kinds of vibro-
graph are almost the same.

The representative record of a microtremor at the bottom of the
gsea of 20m depth is shown in Fig. 14. (The results of investigations
concerning these observations will appear in the forthcoming Bulletin.)
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Luer i
Fig. 10. Self-levelling transducer Fig. 11. Inner parts of the self-levelling trans-
for deep water-bottom. ducer for deep water-bottom.
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Fig. 12, Overall frequency response curve of the self-levelling
vibrograph for deep water-bottom.




Self-levelling Vibrograph

‘yderdoaqia Jo spury omj Aq saoe[d Jul.

QLT w () Jo EBas 2yl JO 1300 2y3 e 1oledl-o101u

qydau e

‘adAy pensn oyl jo yded

1O P102al

E ]JO

¥

2250
Jf

aanejuasaiday ¥l

SpI0D23al snoaue}[niliayg

b




