12. A Torsional Pendulum Low-pass Filter Applied
to the Study of the Earthquake Waves. (Part 2)

By Tetuo Ak1MA,

Earthquake Research Institute.

(Read June 8, 1948.—Received Sept. 30, 1949.)

- § 4. On some results obtained from
the use of the filter to the seismograms of
an earthquake :—

After confirming that our apparatus
works as a satisfactorily quantitative low-
pass filter by the preliminary tests reported
in the previous paper, the writer applied the
filter for investigating actual seismograms
of the earthquake of May 23th, 1938, which
took place at the offing of Sioya.

(A=11445°E, »=36.70°N, Shallow)
The epicenter and the observational posi-
tions of the seismograms are shown in Fig.
6. Fig. 7 shows some examples of the ori-
ginal seismograms, and the filtered curves.
In this figure, the numbers 1, 2, 3, etc.

Sumofo'IZ 0 Hlyazak

D

EV ” 7 mamute , s, ll-a92f
sei Lizg
Ko‘l — Magano . o
? s 12 l s T "—"WT
b — —— sy s—d[.“u...».. 5.4%__..,

W"’"{‘ IJ W"“*‘MW\MW

W 1o f
p,.¢_

HKumayay m’,\;\w
E 'i

~ Fig. 6. The epicenter x and

the observational positions (@

. and &)

Srmlzu

v-vw M" f’-&l “{ ’JVW\\\ Y

us=015 f
W

% 7

v Lo AR
Muroto
WM‘ &rmwbwaﬁm M

3 llON ] 6

$
LAWLW\/'\/wW
[ —_—
A3 v ’; P
_q,\/—s/\/\/\'\/\v\_

0

I

-
n
w

13
w

N

1 minute

Fig. 7. Some examples of the original seismograms (O) and the filtered long

curves (f1, fa).
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indicate the corresponding waves on the seismograms and on the filtered
curves. O’s are the seismograms and fi, f; are the curves filtered once
and twice respectively. T, is the working period of the filter pendulum
and u’s are the ratio 7/T, where T’s are the periods of the filtered long
waves. The last curve in this figure concerning Nagano is not the filtered
curves but is the wave forms described by the pen K which is attached
to the arm B as was shown in Fig. 2 in the pervious paper. This curve
shows how accurately we can follow the seismograms by the hand method
reported before.

Table 1.

A in P-L ) T

degrees| P* \p W NS | U-D |E-W]|N-8 |U-D
1 Tukubayama 0°18/ 0?12.38
2 Kumagaya 150 21.7 . .
3 Yokohama 203 | 245 38.5 31 )
4 Nagano | 236 31.2 :
5 Kohu 241 33.7 U . _
6 Wazima 340 532 (1265 | 1265 | |10 | 140 1o
7 Toyooka 530 |1022 |1165 1320 | 270 | 275 | ©
8 Kyoto | 502 |[1180 | 1400 : 19.0 o
9 Sumoto 555 [1145 1300 275 | ©
10 Sionomisaki 547 |1160 i240 o
11 Muroto 653 | 1180 | - 1522 2 1l | o
12 Nemuro 710 | 1259 [13850 | . | 80 ®
13 Kaoti 716 |1 300 | 2136 23 % | o
14 Matuyama 744 |1492 |2100 |2 100 20 25 O
15 Hamada . | 751 2 32.0 26 o
16 Simizu 8 07 " 2040 {2070 98 | 226 o
17 Hukuoka 9 35 3 08.0 3 08.0 | 20 20| ©
18 Kumamoto 942 |1456 [217.0 | 2170 56.5 | 23.4 o
19 Titizima 947 |1493 219.3 132 |30 |30 | o
20 Miyazaki 987 159312340 2420 ['2390 |32 [30 |29 | ©
21 Nagasaki- 1022 | 2009 | 2520 ;2329 23.5 | 22 - ©
22 Okusima 1108 | 2080 |3 080 28 o
93 Tomie 1126 | 2448 | 3100 20 ©

First we can notice from these curves that there exist certainly
some propagational waves having long periods. The data concerning
these long waves (L) are given in Table 1. Fig. 8 is a travel-time curve
tor these long waves together with that of the P and S waves, Calcu-
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lating the velocity of these waves from this curve, it was found to be
approximately 3.8 km/sec.

Besides the dispersion phenomena, many seismologists have observ-
ed that the velocities of surface waves are different according to their
paths of propagation®*®. The velo-

city we have obtained agrees well (. P
with that given by B. Gutenberg and
by C. F. Richter for the Love waves 3
which are propagated under the North
American continent (taking the period ;»'4
at 30 sec.). The marks @ and O in K| 3
the last ‘column of Table 1 indicate 3
the well-recognizable appearance of — f2
the long waves. =

There are some seismograms ‘} !
from which the long waves could not 2o —~Epicentral Distance

0" 200 400 600 800 1000 7200 km

be filtered out clearly. Especially on
the filtered records for seismograms Eig. 8. The tiaveltime curve of the

. filtered long waves (L).
obtained at Tukubayama, Kumagaya,

Nagano and Kohu, the long waves are not filtered out.

The Kumagaya’s is shown in Fig. 7. The positions of these stations
are shown in Fig. 6 by A. Concerning the generation of surface waves,
this fact is an interesting one and deserves to be studied in future.

There is a point to be considered about the accuracy of the onset
of these recorded long waves, that is, about the time lag of the motion of
the filter pendulum against the incident torsional vibrations applied to the
pendulum.’

On our filtered records, the periods of the long waves are remark-
ably large compared with those of the P and S waves, so we may solve
the problem simply by studying how the torsion pendulum moves if a
sinsoidal torsional vibration is suddenly applied to its head. This problem
is reduced to solve the equation of the torsion pendulum’s motion,

B+2EB +n*B=an’ sin pt
on the initial conditions, when ¢=0; 8=0, 8=0. (3)
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The general solution of this equation is

2
B:e's'(AsinnJl-lft-i—Bcosn~/1_—'h3t)+4/(1__%;‘)3;411%_,(1sin(pt—S), (4)
2hu
tan 6= ,
and=—""7

where A, B are constants to be determined by the initial conditions (3),
and &, A, u, are the same quantities as expressed in the previous paper,

that is E=R[I, h=¢&n, u=nlp.
From (3) and (4), A and B are determined as follows.
A— aui(l-w)+2l| —p_  2hwa

TV (=)t 2Re T (- 4l
so, (4) becomes

= I Y’L g : o "’t——A
B dl_hgv(l_us)g_l_zlhﬂuze asin(na/1-h )

2

i N (1—uw'y + 4k

e sin(pt—9), (5)
where tan A= — 2@_*41_"” ., tan8=2huf(u*—1).

(1—u’)+ 21y . _
In our case, the value of % is 0.64 (. h*=0.4).

= U=1.00 u=125 V=150
'1:1‘ S U 0:."25 a4t Fa) 11 o ) -~
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'
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Tig. 9. The initial motion of the pendulum (solid line) caused by a sinsoidal
- torsional vibration (dotted line) suddenly applied to its head.
Fig. 9 shows the initial motion of the pendulum (solid line) caused
by a sinsoidal torsional vibration suddenly applied to its head (dotted line),
being calculated from the solution (5) taking #=0.64 and #=0.75, 1.00,

1.25, 1.50 and 2.00.
In this figure, T, the proper period of the pendulum, and a, the am-

plitude of the incident waves, are taken respectively as the units of
abscissa and ordinate, ' '
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Seeing these results, we know that the determination of the onset
time of these long waves may have the time error of approximately 5%
(when approx. #<1.50) and 10% (when approx. #>1.50) of 7.

In our case, the pendulum was used at the proper period of 20~30
sec, and # was 0.75~1.3, so that the time lags are approximately 1~3
sec. Every point in the travel-time curve

of the long waves was taken after these A
corrections were made. The direction bf the wa.veﬁ
Judging from the fact that the filter- s S it

Rayleigh-type.

In order to examine this point, the VF) A
writer investigated the vertical ground 30
motion which is parallel to the direction
of the wave propagation using the filter-
ed long waves at Miyazaki. (It is regre- .
table that this was the only position at Fig. 10. The vertical ground
which 3 component seismograms were  motion at Miyazaki due to the
obtained which were necessary for this  fitered long waves. '
purpose.) The result which is shown in Fig. 10 shows a theoretically v
requested retrograd fashion of the motion of a particle at approximately

50 seconds later from the beginning

ed long waves have all remarkable verti- 50
cal components, they seem to be of the v 20 \
/

’% Miyazaki a. of the long waves. (The numbers
TNV 52584,  20~70 on this figure mean the times
Simizu reckoned from the beginning of the

1{} long waves.)
b 1 m - Fig. 11 gives some exmaples of
Matuyama horizontal ground motions concerning
‘; the long waves in two directions, (a)
-AW%C }Qv-éw@, parallel and (b) perpendicular to the
direction of the wave propagation at

Fig. 11. -Some examples of the ground ~ Miyazaki, Simizu and Matuyama.
motions in two directions concerning In drawing these ﬁgures, the writer
the filtered long waves. took the propagational direction to be
a straight line drawn from the epicenter to these observational positions,
but actually, there may be some deviations. These problems must be
studied with much more data in future.

Besides, since all these filtered waves have components perpendicular
to the direction of the wave propagation, they seem to be Love waves.
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After all, the actual orbit of the ground motion due to the filtered long
waves is some complex one, which may be due to the fact that Rayleigh
and Love waves are not well separated in these near earthquakes.

§ 5. Conclusion: Though our present study, the filtering of long
waves from near earthquakes, is only at first stage, it leaves us many
problems to be studied on surface waves in near earthquakes. Although
our apparatus, in its present form, has proved to work satisfactorily for
studying the problems of surface waves in near earthquakes experimental-
ly, it has still some inconvenient point. Especially, the fact that the oil
is used as a damping medium makes this apparatus as an inconvenient
one. For, we must use a thermostat to keep the temperature of this oil
constant. The writer is now constructing a much more convenient one
with magnetic damper with which experiments can be made in lighted
room, but not in a dark room.

In conclusion, the writer wishes to express his hearty thanks to Prof.
C. Tsuboi and Mr. S. Miyamura who gave the writer many remarks in
the course of his experiments, and to Mr. S. Honma, a member of The
Central Meterological Observatory, who was kind enough to lend me the
seismograms studied.

Most of the expense necessitated for this study was defrayed from
the funds for Scientific Research of the Department of Education.:
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SEHHE O g SFE R E & ) 1T AT, RV IRT- & K U R BRaE e & 1R
L, iz OFHEBERAE T, D 3 —DDHERIT O W TOHHDFES ¥ & DI
mehdcRicio s, KEkEBIELE 30 B0 MiiE L Dk MdfiEokss, Sk
ORBITHEAET 2 & o307k, ERMEREDO(DOTRS &, TOBERL 8.8km/sec T
DB, SRGF POREBENT DK DORDT, COROEHTZOFY FHEAEW
s, FVIMARE DL, v— Y —~EMET R oN 3. X EEREEHES £ 2° 80" DIAOMES
DiEHN B, ZHEDRMAMOWEI I L LDl & YERINL 5. ZHEOHIH
LTEH A WADHBICOWTHHN TP E2\nE BOTn3.



