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Fig. 3. The change of characteristic period due to tilt in non-oscillating plane (7T in eq.
(6)) and in oscillating plane (7\-T: in egs. (18)-(20)).
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Fig. 4. Critical angle at which pendulum Fig. 5. The case tilted in the plane of
begins to be unstable. oscillation; 0=angle of tilt.
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Fig. 6. The comparison of change in characteristic
period due to tilt in non-oscillating plane (eqs. (6)
and (6)’) and in oscillating plane (egs. (18) and

f

(18)").

Table 1.

The comparison of change in characteristic
period (T') and in tilting sensitivity (S) due to the

ground tilt in plane of non-oscillation.

Horizontal Pendulum Romberg Pendulum

0
T S T S
+10 13.895  193.08 10.0035  100.033
+ 8 12.760  162.81 10.0022  100.034
+ 6 11.864  140.75  10.0013  100.019
+ 4 11.133  123.95  10.0006  100.008
+ 2 10.523  110.74  10.0001 100.002
0 10 100 10 100

- 2 9.554 91.27 10.0001 100.002
-4 9.160 83.90  10.0006  100.008
- ¢ 8.811 77.63  10.0013 = 100.019
- 8 8.499 72.23 10.0022  100.034
—10’ 8.218 67.54 10.0035  100.053
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Fig. 8. Schematic of prototype model.
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Fig. 13. An example of a tidal record compared with one obtained by a simple pendulum
type borehole tiltmeter (BHT) and a float type water-tube tiltmeter (F. WTT).
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Fig. 14. Summary of observation for secular ground tilt.
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6. Development of the Borehole Easy-operation Long-period
Seismometer (BELS Type 79) which has a Stable Period.

By Project Team for thé Development of the Borehole Small-size Long-period
Seismometer, Earthquake Research Institute.

The most troublesome factor in the observation of long-period oscillation or ground
tilt is the problem of drift. As to the drift of zero-point, we can reduce it by the
technique of negative feedback. On the other hand, we cannot avoid the drift of
characteristic period (or drift of tilting sensitivity) as far as we use the principle of
horizontal pendulum, which is the most popular way to construct the long-period
seismometers. That is because the perjod of horizontal pendulum is essentially sensitive
to the ground tilt.

In this circumstance, we intended to device a long-period seismometer which has
a stable period for the ground tilt. For the suspension of the pendulum we adopted
the method originally suggested by Romberg in 1961. This type of pendulum has the
following features.

(1) The change of characteristic period due to ground tilt is negligibly small.
So, if we construct a long-period seismometer with this pendulum and combine it with
negative feedback, we can obtain a very stable system which is free from both types
of drift.

(2) As adjustment of period and zero-point can be carried out independently, the
scttlement of this instrument is quite easy.

(3) The shape of the pendulum is just adequate for the use in a borehole. The
prototype model constructed in this study has dimensions of 120¢$ X540 (diameterx
height in mm), a weight of 8kg and is equipped with two kinds of transducers. One
signal is proportional to the displacement by use of the Magnesensor (SONY Inc.)
while the other two are proportional to the velocity using ordinary moving coils. The
characteristic period of the pendulum can be varied from 2 sec to 20 sec, by changing
the position of the attachment point of the suspension spring.

Total performance of this seismometer was found to be satisfactory through the
test observation of natural earthquakes at a borehole site and earth tide observation .

in the vault.




