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A Duplex Horizontal Pendulum Apparatus.’
By

F. Omori, ZRigakusin, Rigakulalushi,

Member of the Imperial Earthquake Investigation Committee.

With Plates [ and IL

The duplex horizontal pendulum apparatus, which is shown in
g 2, Pl.F is. an immproved form of the mechanieally registering
seismograph, which I have used for some years’; the modifieation
consisting in the infroduction of the principle of the duplex pendulum
of Professors Gray, Ewing and Milne, The essential part of the instru-

ment, which is shown in

a. Rira the accompanying figure, is
made up of a heavy flat

N cylinder ¢ (fig. 1) of brass
filled with lead, about 16 ke

| % in  weight, suspended from

 E— the top, a, of a strong cast

ivron stand a/, which is bolted

| at 7/ to the loundation stone,

e ———— e —————— i ——————————

|
i
7 ¢ Je; the strut b being pivoted

at b. 'The pendulum e, which
18 first bronght very nearly to a state of neitral equilibrium, is to he
further adjusted by means of an inverted pendulum ¢ge. The mechanical
details of the Ialter as well as the recording arrangement are shown
TN 4 P8 S

Pl. 11, 'The anxiliary inverted pendulum consists of a lieght alu-

e — —— . am - s ———— e o e = —— —_——_—— = — =

1) A short preliminary deseription of this instrument has been given in Tokyo
Sngakn-Buatsml Gakkwai Kiji Gaiyo, Vol. TI, No, 8, Jan,, 1904,
'_’.] See the f*rfh”r'rlﬁum, No. b.
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minium tube eg, about 30 em in length, carrying a small metallic dise
¢, about 0-017 kg in weight, put very closely to the heavy bob e, The

upper end of the tube eg is furnished with a brass fork, between whose

two limbs fits exactly a highly polished steel axis 7, about 2 mm in
diameter and 3 em in length, pivoted between two small supports, 7,
attached to the lower face of the heavy cylinder ¢; the axis . being
parallel to the stiut. The lower end of the tube eg is {furnished with
two foot-serews, jj, which fit respectively in a conical socket and in a
V-groove, mounted on a base plate 2. The line formed by joining
the apex of the socket and the vertex of the V-groove is to be brought
exactly below and parallel to the axis /7, by means of the screws [, /,
m, which move the plate & in two rectangular horizontal directions.
It will thus be seen that the inverted pendulum eg can rotate

only about a line parallel to the equilibrinm position of the strut, its

upper part being joined to the heavy weight in such a way that the

friction at the point of contact is reduced to a minimum. Now, the
equilibrium of a horizontal pendulum has always a certain degree of
stability, which depends on the angle ¢, formed by the vertical and
the line joining the point of suspension, a, with the point of support, o ;

this angle being determined by the well known relation

in which 7" is the perviod of oscillation of the horizontal pendulum

(when not joined to the inverted pendulum), and 7 the period when

the system formed by the strut A/ and the heavy bob ¢ is made to
swing as an ordinary vertical pendulum. If J77 and w0 denote respec-
tively the weights of the heavy bob ¢ and the small dise ¢, we have,
for making neutral the equilibrinm of the horvizontal pendulum, the

following relation :—

1= I x 1.¢ :
L

in which £ is the length between the centre of the heavy hob ¢ and

the point of support o, and /7 is the height of the inverted pendulum



A DUPLEX HORIZONTAL PENDULUM APPALATUS. iy

. To take an example, let 1W=15kg, L =100 c¢m, H=350c¢m, and
2 x 2
&

- 30 %30

» we then find w=002 kg.

The mechanism at the top, «a, of the cast iron stand, the multiplying
pointer, and the record-receiver whose details will be seen from figs.
9 and 4, Pl. I, and from Pl I, are exactly similar to those in the older
instruments. With a portable instrument of this description, in which
the length ¢ and the height ab is each equal to 1 metre, the complete
period of [ree oscillation of the steady mass can be raised without
much difliculty to 1 minute, the multiplication of the recording pointer

being 20 to 30,

Tokyo. June, 1904,
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A Horizontal Tremor Recorder.
By

F. Omori, Zigakushi, Rigakulalush,

Member ol the Tmperial Earthquake Investigation Committec.

_With Plates 111 am_:f IV

1. The Metropolitan Police had recently to consider several cases
of complaints respecting the distmbances caused by steam engines,
dynamos, ete. to neighbouring buildings ; and the instrument whicl
I am going to describe in the following pages has been constructed
to measure the horizontal movement due to the above mentioned

cdllses.

e —

2. The essential part ol the mstrument, which is diagramatically
shown in fig, 1, consists of a vertical brass eylinder, @, 16 ¢m in height
and 10 cm in diameter, filled with lead, and about 15 kg in weight,

pivoted in a strong iron Iframe be, the latter being supported by means
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ol two screw points o and ¢ from a strong brass stand, about 20 cm
i height and {furnished with three levelling screws exactly in the same
way as in Prof. Ewing's horizontal pendulum. The distance between
the pendulum axis and the centre of the heavy eylinder, or the steady
point, is 6 cm; while there is attached to the iron frame in way of
prolongation a stout aluminium rod /f, whose length is 15 c¢m. The
horizontal motion, whose direction is normal to the pendulum plane,
will thus be magnitied 3} times at the end of the alumininm prolong-
tion. There is, however, an independent multiplying pointer, consisting

of a vertical axis, ¢, which is pivoted in an inverted bracket properly

attached to an upright support, and which carries a horizontal light
lever /gi. The shorter arm of the latter consist of & thin brass piece
formed into a fork Dbetween whose two limbs fits exactly a highly
polished axis of steel, 4, pivoted in a small bracket attached to the
end of the strong aluminium prologation before mentioned. The longer
arm of the lever consists of a tapering tube of aluminium, 120 mm in
length, at whose end, ¢, is hinged an index which writes on a smoked
paper wrapped round a drum, ;, driven by a clock work. In other
mstruments, the record is taken in ink on a white band of paper driven
by means of rollers, as in the vibration measurers for bridges, railway
carriages, ete. It will be observed that the multiplying arrangement
here employed is perfectly similar to that in the horizontal pendulums
lor the observation of distant earthquakes. As the minimum effective
length of the shorter axm of the multiplying lever is 6 mm, the writing
index records the motion 20x31=70 times magnified; it being,
however, also possible to reduce the magnification ratio down to 10.
by suitably changing the effective distance of the shorter srm of the
pointer. The mechanical details and the photograph® of the instrument
are given in hgs. 2, 3, 4 and 5, Pl. III.

For the complete observation of the horizontal motion, we require,

“ T'he photograph represents an instrument which is shightly different from thut
whose mechanical details are given in the DPlate, the record being taken on a smoked
paper.
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A HORIZONTAT. TREMOR RECORDER. il

of course, a pair of these instruments, with their pendulum planes at

right angles to one another.

The horizontal tremor recorder has already been used in a few
cases, of which the following are examples.

3. Shakings in the Hospital of the Tokyo Imperial University,
Hongo. Towads the end of 1903 and in the beginning of 1904, the
Medical Laboratory in the Hospital of the Imperial University, Hongd,
was subject from time to time to wnjelt shakings, which caused windows
to rattle and bottles placed on tables to rock. On inquiry, these
effects were traced to be due to the working of a small oil engine of
10 horse power, temporarily set up in the University compound ; the
engine being about S7 metres to the NW of the Medical Laboratory,
which is a low wooden structure. When observed on Jan. Sth, 1904,
at 10 am., the movements of the windows and bottles were executed
in a quite regular way at the rate of about 4 in a second and were
sufficiently well pronounced as to constitute a source of disturbance to
the people sitting in the room. The floor itself, however, indicated no
sensible motion.

The movements on the date above mentioned, which were measured
by a tremor recorder set up on the floor of the laboratory, consisted
of a series of regular and nearly uniform vibrations, whose double
amplitude was, in each of the KW and NS components, about 0-02
mm, and whose period was 0-24 sec., corresponding to 250 revolutions
per minute of the engine. The absolulely greatest movements in
the EW and NS components were respectively 0°028 and 0-034 mm.

The disturbances due to the same source were simultaneously
measuied in the brick IEarthquake-proof House, which is situated at
a distance ol about 110 metres to the south-west of the oil-engine.
The movements there measurved, on the solid concrete basement, were
much smaller than in the Medieal Laboratory, and consisted of a
sevies of maximum groups, the absolutely greatest double-amplitnde
in the NS divection being 0:026 mm. The period was 024 sec.

The positions of the oil engine, the DMedieal Laboratory, and
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the Earthquake-proof House, are indicated in the accompanying plan
of a part of the University compound.

IFig. 6. Plan of a part of the Tokyo Imperial

-

University compound.
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1.  Movemen! in the ,'*;'r’sl.ﬁ'nir':/ﬂfﬁ'r"rrf Institute. On 1\1&}' 19th, 1904,

the eftects of the oil engine mentioned in the preceding § were very

markedly indicated in the Seismological Tnstitute, which is a one-storied

wooden building,  TFig, 7 is a part of the NS component diagram

obtained on the above date h_\' means ol a horizontal tremor recorder

461 11]} O11 (| Hfl]il] hl'il']-&. I'HIIIIIIII 1) one of “ll‘ illH‘]‘llH]!"‘lltH 1'OOMS, “']IUHI*
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