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Fig. 3a-3b An impulsive response is shown in the upper part of each figure., The
lower part describes the variations of errors due to the truncation of an impulsive
response. Solid lines and broken lines show the errors of »n and h, respectively.

The abscissa is the sample numbers. 24¢; Sample interval. T,; Natural period of
seismometer.
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Fig. 4. Errors due to the sampling
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Fig. 5a-5b Relation between h and the reciprocal of total resistance of
circuit, Open circles are obtained by using the succeeding maximum
Filled circles are derived by the method
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Table 1. Experimental results for electromagnetic seismometer.

Electromagnetic Seismometer Type-1 (f, = 0.88 cps)

External Resistance
(ko)

3.97
5.22
6.22
7.09
8.31
10.5

1 Natural Frequency | Damping Coefficient
| Sn (cps) (h)
0.90 1.31
0.87 1.03
0.85 0.91
’ 0.86 0.81
0.83 0.69
l 0.89 0.57

Table 2. Experimental results for electromagnetic seismometer,

the intrinsic damping of which is high.

Electromagnetic Seismometer Type-2

External Resistance | Natural Frequency | Damping Coefficient

(ko) Sn (cps) )
0.97 4.7 1.20
2.00 5.0 1.00
3.15 4.8 0.82
3.97 4.9 0.77
6.22 4.8 0.63
21.3 4.6 0.38

|

05

e
ol 02 0 ol 02 03
— R YR

a b

amplitude of free oscillation.

proposed in this paper.
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Table 3. An example of the calibration of mechanical seismometer.,

Given Calculated

n h n h
6.28 0.5 6.15 0.59
6.28 1.0 6.20 1.25
6.28 1.5 ’ 5.44 1.51

Table 4. An example of calculation.

m+l=m | IR ki ) | e im 4t
1 741 741 741
3 1220 3660 10980
5 1116 5580 27900
7 858 6006 42042
9 605 5445 49005
11 406 4466 49126
13 263 3419 44447
15 167 2505 37575
17 104 1768 30056
19 63 1197 22743
21 38 798 16758
23 23 529 12167
25 14 350 8750
27 8 216 5830
29 5 145 4205
+)
5631 | 36825 362325
a = 5631-4¢ = 281.6, b = 3683 C- 412 = 92.6,
o = (362300/2 +5631/6) - 4% = 22.77.
nt = a¥/(b*—ac) = 38.44,  h* = b¥/4(b*—ac) = 0.951,

fn=0.99cps. h=0.98, 24t = 0.1 sec.
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65. A Note on the Calibration of a Seismometer;
in the Case of h~ 1.

By Kazuyoshi Kupo, Etsuzo SHIMA and Yasuo SATO,
Earthquake Research Institute,

It is well known that the frequency response of a seismometer is determined from its
constants (natural frequency and damping coefficient). Up to now, however, there has been
no method of determining these constants experimentally when i =~ 1. A simple new method
is proposed here to overcome the above mentioned difficulty.

The system function of a mechanical seismometer @ (w) is given by Eq. 3, in which 4 is
a constant. A system function @(w) and an impulsive response k(t) are related with the
aid of the direct and inverse Fourier transforms.

An impulsive response can be expressed as the sum of a sufficiently large number of
pulses, each of which has a width 24¢ and height k(t) (see Fig. 1). Therefore, k(t) can be
expressed approximately as Eq. 4. The Fourier transform of k(¢) is thus approximated by
Eq. 5. Eq. 6 describes the ascending power expansion of Eq. 5 with respect to . In the
same way the system function defined by Eq. 3 can be expanded as shown in Eq. 7. We
have three unknowns n, b and A. Comparing the coefficients of the same power between
Eq. 6 and 7, we are able to get the constants of seismometer as represented in Eq. 8.

When the electromagnetic seismometer is operated with the galvanometer, natural fre-
quency of which is comparatively higher than that of the seismometer, the deflection angle
of the galvanometer is proportional to the time derivative of the displacement of pendulum.
Therefore, we can get the impulsive response approximately by giving a step force to the
pendulum of the electromagnetic seismometer.

In the same way, we can also get the constants, combining two step responses. (Fig.
2), (Egs. 9~13). The application of step response is recommended for the mechanical seis-
mometer. '

The error is caused mainly by two factors. The first is that an impulsive (or a step)
response converges to zero after infinite time, however, we are not able to treat the infi-
nitely long duration. The second is due to the fact that an impulsive (or a step) response
is approximated by a series of pulses. Variations of errors caused by the first factor are
estimated in Fig. 3a-3b. Errors caused by the second factor are evaluated by changing
the sampling rates. (Fig. 4) Through these estimations, it is clear that the constants of
seismometer can be derived with errors less than 10% if we digitize the impulsive response
until the decaying amplitude becomes less than 5% of maximum amplitude. And it is
necessary to use the data until the disturbance becomes less than 1% of its maximum ampli-
tude in order that the error should be less than 5 %. In the former case, the sample
numbers (m +1) should be more than 10, while in the latter case it should be more than 15.

Examples for two electromagnetic seismometers are given in Tables 1 and 2.

Theoretically, h is inversely proportional to the total resistance of the circuit. In or-
der to prove our method, experimental results of that relation are shown in Figs. 5a and
5b. An example of calibrating the mechanical seismometer, which uses two step responses,
is also shown in Table 3.




