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The writer has studied in his previous paper” by comparison of the
corresponding records of acceleration-seismogram and displacement-seis-
mogram that the initial earthquake-motion is considered at the very
commencement to begin with a displacement of a certain kind of shock,
for example, given by the form ¢, As already referred in the pre-
vious paper, the motion of pendulum corresponding to the earthquake-
motions beginning with certain types of sinusoidal form? was investigated
by Saem. Nakamura, T. Matuzawa, H. P. Berlage, and H. Kawasumi, in
respective manners. Iere, the writer will study the motion of pendulum
when it is subjected to a kind of shock as above stated. Such an
earthquake-motion is of course a special one; however, it may not be
quite needless to know how the pendulum behaves for the said motion,
which is not expressed in Fourier series.

Using customary notations, the equation of motion of a seismograph
free from solid friction is given by
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The general solution of (1) is
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where n=2x|T:, y=Vn'—¢’, p'=1—1% h=¢e[n, and I} and I are arbi-

* Communicated by T. Matuzawa.

1) T. Svzukt, Bull. Farthq. Res. Inst, 12 (1934), 15-18.
2) Lately C. Tsunor has discussed a special case of this kind, the result of which
has been read before the meeting of Earthquake Research Institute on Feb. 20, 1934.
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trary constants to be determined by the initial conditions.
In the present case, if ¢” is taken as a parameter, the displacement
of earthquake-motion is expressed by
e=¢""" (>0). ... ... .. (8)

As this motion starts gradually from a state of rest at t=—00, ie. at
t=—00, 2=0 and &=0, the same conditions as these must hold with
respect to a. The solution which satisfies such conditions as above is
given by
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v e dt” —w dt’
..(4)
Putting u:{?, in which 7% is the proper period of seismograph with-

0
out damping,
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where ¢ stands for ¢ 772 -

As seen from the above expression, it is required to evaluate the

integral of the form f ‘22{ sz}d , but this is in general not integrable -

cos
except the case of definite integral taken between the limits ~oo and 0.
The above integral is written as follows :

Uw 3 0 :
f 6-z2{smz} dz:f 6’22{51nz}dz+f _zz{smz} ’
o cosz o cosz cosz
s0 that this will be obtained if the second integral on the right is

evaluated by the method of numerical integration.
It is known that

-
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so that by aid of these formulae the expression (5) becomes
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where sin A=1—2p° and cosA=2ph.
Especially in case of no damping =0, i.e. 1=0, p=1,
v yion? o
a=—e"" +27 {1— f e ¢ dy— f ¢~ sin 2wzdz} cos 27
[ 0
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+ 2 {c RS f ¢~ cos 2mzdz } Sin2mu. ..ol 7
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The second and third terms represent the cxcited self-vibration of the
pendulum. As u increases, the amplitude of the second term converges

gradually to zero, while that of the third term tends to a finite value of
2

QmVmr - c oy . . . .

—?iie ¢, which is graphically shown in Fig. 1 and becomes a maxi-
c

mum value when ¢=27°. The value shown in Fig. 1 represents the
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Fig. 1.

3) This formula is obtained as a subsidiary result in the process of evaluating
0
f e e-% cos?2 Bz dx by a contour integration.



158 T. Suzukr. [Vol. XII,

ratio of the amplitude of self-vibration to the maximum amplitude of
given earth-movement. As seen from the following figures, 77,/2 is so
defined as to be the time in which the amplitude of earth-motion
diminishes to one half of its maximum amplitude and the ratio of thus
defined 7, to T, is also given in Fig. 1 for the sake of comparison
with .

In case of critical damping e=n, ie. h=1 and =0, the expression
in (6) becomes an indeterminate form. Putting p=8, where & is assumed
as a small quantity and the magnitude of the order higher than the
sccond may be neglected, then the following expression will be obtained

from (6):
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In this case the term as evaluated by numnerical integration is reduced
to the form of probability integral which is easily obtained from table.

In order to know a general aspect of matter, the numerical caleula-
tion has been carried out for several cases and these results are graphi-
cally shown in the following figures. In each figure the upper curve
indicates the given earth-movement and the lower one the correspond-
ing motion of a seismograph respectively.

As will be seen from the figures, when 7', becomes two or three
times greater than 7y, the displacement of pendulum in the earlior
stage is already considered to be nearly proportional to the acceleration
of earth-motion. On the other hand, 7,/7% becomes one-tenth or much
smaller, the displacement of pendulum in the beginning portion tends
to nearly the same as the displacement of earth-motion.

Full line in the lower curve indicates the case of no damping.
Broken line in the lower curve indicates the case of critical damping.
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The earth-motion here studied is expressed by Tourier’s double
integral, that is, :

e—czz2=%£2p[jg'0AchSp (N-x)dx

-t :
:f gcospzbdp, e (9)
0 1/77'0

which implies that the motion is given by the superposition of simple
harmonic motions of frequencies extending from 0 to oo, such that they
should have all the same phase at =0. Among them, the one com-
ponent corresponding to p=2w is a simple harmonic motion with just
the same period as that of seismograph (73). For a given Valge of
parameter ¢, we will consider how the amplitude at u:O( f e dp)

0 e

is expressed by the terms of frequencies between 0 and 27 as well as
by those of frequencies greater than 2.
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The above integral is separated into two parts, i.e. f " + w; then the
0 2

former gives the amplitude contributed by the terms of the period
greater than 7, and the latter by those of the period smaller than 77.
These are shown in Table I in the third column and the fourth column
respectively.

Table T.
¢ (p=2n) B== %{ﬁc-ﬁ"’dﬁ 1—:/27" et 2
1 31416 =1 =0 3:330
L5 25651 09997 00003 2719
25 1:9869 09949 0:0051 2106
£0 1:5708 09736 00264 1665
100 09935 08385 01615 1053
11-09 09434 08163 01837 1000
20 07071 06526 03174 07496
50 04443 0°4662 05338 04710
200 02221 02443 07557 02355
2000 00703 00758 09212 00742
10000 00514 00338 09662 00333

-eie,
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As seen from Table I, when 7} becomes about two times greater
than 7}, then the amplitude of ¢~ at u=0 is expressed enough by
taking only the components, whose periods are greater than T, If 7Y
becomes one-tenth or much smaller compared with 76, then the most
part of the amplitude at w=0 is given by the components, whose periods
are smaller than 7% The value of ¢~ for any value of w is of course
not sufficiently expressed only by taking those terms, which well re-
present ¢ at least in the neighbourhood of w=0. But generally
speaking, it may be plausibly assumed, though not rigorous, that the
principal portion of ¢~* iy also approximately represented by those
terms which mainly represent the value at w=0". If such an assump-
tion is taken for granted, it will be said qualitatively that for large
value of T,[7, (say two or more), the seismograph gives the accelera-
tion of earth-motion, that is, an acceleration-seismograph, while for
small value of 7,[T, (one-tenth or much 0
smaller) the seismograph gives the dis- / oo T
placement of earth-motion, that is, & dis- b '
placement-seismograph, by the reason that
the displacement of pendulum affected by
a steady simple harmonic ecarth-motion
is nearly proportional to acceleration of
or displacement of earth-motion according
as the period of seismograph is suitably
smaller or greater than that of earth-motion.

It is again remarked that comparatively larger difference between
7, and T, is necessary for describing displacement of euarth-motion of
the type ¢~ than for its acceleration. It is probably due to the con-
ciderable existence of components with period larger than 7, in repre-
senting ¢™* by superposition of harmonic terms.

If the displacement of earth-motion is given in such a form as te™",
then the corresponding motion of a seismograph is obtained by a quite
similar way as before and in case of no damping expressed as follows:

_ 2 2 _m2 4 w - ”
a=—ue +—b71{[0 b ;{/’%+I ¢ cos 2mu’ du J (—cos2mru)
0} )

w u2-m2 012 2 .
+ [—%f ¢ v dy— J e ™" gin 27le'd’lb,] sin 27710} . ..(10)
0 0

4) For example, when ¢=15, the value of e—cu? gt =1 is 02231, while the value
.caleulated by (9) from p=0 to p=2r is 02226



162 Movement of Pendulum under Motion of Shock Type. [Vol XIL

One example of this case is shown in Fig. 10.

In conclusion, the writer wishes to express his sincere thanks to
Professor M. Ishimoto and Professor T. Matuzawa for their kind guidance
and valuable advices.

1L TSR AR L 72854 OIRTF DME) -
BRERE & K @ %

BT I8 2% o=t® 1T & R B B TR 25 TRH L 35 oI T o B2 Z =i o
EMA. ARG ORS LIRTOHBMINE ORIC X § TIRTICE S £ 3 A BEH ORI L e
CHME L Z 21628 2 B S e h B ALOTE LIS T IR T- 0 MU Il e e 2 % 4 o %
ARLREHT 01 BT L b i F B I TEE b d 2 il3,. = DY AVENT I I [ te B
XY THRMHTh2HTSH 3.




