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[ABsTRACT.]

The new seismograph is designed to record on 2 magnified
scale two rectangular components of the successive horizon-
tal movements which take place durmg an earthquake, in
conjunctjon with the time.

Two horizontal levers, set at nght angles to each other,
are pivotted on vertical axes which are rigidly fixed rela-
tively to the earth. At the short end of each thereis a
massive bob of metal whose inertia keeps it at rest during
the disturbance. The long end of each presses gently on a
smoked-glass plate which is kept revolving continously by
clock-work. During an earthquake the vertical axes move
with the earth, while the bobs of the levers remain steady
(as regards motion transverse to the lever) and thus the
long ends move radially on the revolving plate through
distances which are a certain multiple of the earth’s
motion, the particular multiple depending on the relative
length of the long and short arms of the levers.
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The peeuliar characteristic of the instrument is this, that
the bobs are not rigidly fixed to the levers but jointed in
such a way as to allow of relative rotation about a vertical
axis, so that when a lever moves angularly about its fixed
axis the bob does mnot rotate with it. Further, each
lever is so proportioned that the supporting axis is the
centre of percussion relatively to the axis of the bob, which
is the corresponding centre of rotation. This insures that
when a displacement occurs the inertia of the moving part
of the lever does not have the effect of giving the bob any
impulse whatever—so that it does not tend to move either
in the direction of the displacement or in the opposite
direction. 'The record which is given is therefore a true
record of the displacement, and after it is given there is no
disposition on the part of the lever either to go on moving
in the same direction or to return to its original position
until the return displacement occurs., On account of this
characteristic property the instrument has been called the
Astatic horizontal lever seismograph,

The accompanying figures show as much of the apparatus
as need be shown for the purpose of explaining its action.
Fig. 1 gives a side view of one of the two (zimilar) levers.
The figure is drawn to a scale of about one-third of full
size. AA is the supporting axis, the lever being pivotted
between a conical point at the bottom and a set screw at
the top, which is carried by an inverted stirrup forming
one piece with the base plate. In the figure, one side of
this stirrup has been removed so that the form of the lever
may be seen. The lever consists of a brass piece BB and a
long pointer- C. At the end of BB the bob D is pivotted.
It consists of a solid brass cylinder supported by the short
arm of the lever and free to rotate about the axis KX&. The
pointer C is hinged to the part B in a manner that permits
C to move up and down but not sideways, relatively to B.
This enables C to rise and fall, following the inequalities in
the height of the glass plate which are inevitable during its
revolution. The pointer C consists of g single straw tipped
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at its end with a small piece of sharp steel which presses
against the revolving plate. In order to diminish the
pressure of C on the plate a part of the weight of the straw
is borne by a fine steel spring ¥ which stands out from the
top of the stirrup, and which is connected to C by a silk
fibre G.

The lever consisting of B and C together is proportioned
g0 that the axes AA and EE stand to each other in the
relation of centre of percussion and centre of rotation.
Hence when, during an earthquake, a displacement of AA.
occurs transverse to the lever, EE is the axis of instantane-
ous rotation, and there is therefore no force applied to the
bob D to set it in motion in any manner. It remains at
rest and the pointer C travels radially over the glass plate
through a distance which in the present case is six times
as great as the actual displacement of the surface of the
earth. This is the ideal action of the instrument, which
is to some extent interfered with by friction at the axes
AA and EE. By a proper construction of the support-
ing points the error due to friction may be made insignifi-
cantly small.

Each lever stands on the top of a post firmly stuck in the
earth and cut off short a few inches above the surface. The
base plate is supported by three levelling screws, by means
of which the axis AA can be adjusted so as to be vertical.
Under the feet of the screws are a pyramidal hole, a 'V
slot, and a plane surface, and the base plate is firmly
pressed against these by a single screw bolt in the centre,
which is not shown in the drawing. The whole arrange-
ments form what Thomson and Tait have called a geo-
metrical clamp (see T. and T. Nat. Phil. Vol. I second edition
§ 198). It givesabsolute definiteness of support without
the necessity of any nice fitting. Fig. 2 (whose scale is half
that of fig. 1) shows in plan the glass plate and the levers
in their position relatively to it. The pointers touch the
plate at different distances from the centre, and they are
placed so that records caused by their movements are
drawn in the direction of the radius.
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The method by which the glass plate is supported is not
shown in the drawing. It is attached to a stout post by means
of another geometrical clamp and is kept revolving con-
tinuously about a vertical axis through its centre by clock-
work. So long as no earthquake occurs each lever draws
the same circle over and over again on the plate. When a
shock comes an undulating line is drawn the amplitudes
of whose waves show the extent and their lengths the
periods of the successive movements of the earth.

From the two rectangular components, determined in
this way, the magnitude and direction of the actual
horizontal motion can of course be found without difficulty.

A contrivance has recently been added to mark times on
the plate during an earthquake: this was found to be desir-
able on account of irregularity in the rotation of the plate.
It consists of a short pendulum the bob of which is held
deflected from its lowest position by an electro-magnet through -
which a current passes continually except when it is inter-
rupted by a shock. Then the pendulum is set free and
makes a mark on the plate at each swing until it comes
to rest. This gives a scale of equal times by reference to
which the period of each wave may be determined.

To test the amount of the frictional error the following
experiment has been made.

The whole apparatus was put on a shaky table whose
movements could be made to imitate those of an earthquake.
Thetwo levers, instead of being placed in their usual positions
were put side by side, and the bob of one of them was held
fixed by a bracket fiom a neighbouring wall. It was there-
fore perfectly steady during the artificial earthquakes
which were made by shaking the table. 'When the table
was shaken (the glass plate revolving at the same time) two
records were given, side by side; one by the lever whose
bob was fixed, the other by the lever whose bob was free. If
the bob of the second lever had remained stationary the
records would have agreed exactly; if not, then the
difference between them would show the extent and nature
of the frictional error of the apparatus.
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The result was very satisfactory. The two records did
agree more closely than could have been hoped for, especial-
ly when the motions of the table were such that the records
resembled those given by actual earthquakes. From
this experiment it may be concluded that the indications of
the instrument are correct to a close degree of ‘approxi-
mation.

An instrument differing only in a few insignificant con-
structive details’ from the one just described has been
erected in the Engineering Laboragory of the Tokio Uni-
versity and has already given records of a number of
earthquakes. A short account of the observations made by
its means during the month of November 1880 was corm-
municated to the Asiatic Society of Japan at a meeting held
on December 14th. The records already obtained (with one
exception) agree in showing that the shocks began very
gradually—so much so that one could not say to which
side the first deviation took place. All of these lasted for
some time and consisted of a very large number of succes-
sive undulations—in one case as many as 150 complete
waves could be counted, which extended over one and a half
minutes of time. The total motion from one side to the
other was never more than one-third of a millimetre. The
periodic time of the waves varied in different earthquakes,
and even in a single earthquake the successive waves
differed considerably in this respect as well 2s in ampli-
tude.

* Trrns. As. Soc. Jap. Vol. 1X Par. I pp 40-41.



