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Hydraulic Seismographs.
By 8. K. Banerji.

R the last three years we have been

experimenting on a type of seismo-
graphs which have gseveral interesting
features. These instruments are based on
a method of hyvdraulic magnification and
damping first enunciated by Prof. Kapitza
in connection with his experiments on
magnetization in very strong magnetic
fields. The earlier forms of seismographs
constructed on this principle were described
in a note in Nature, page 547, Vol. 131, 1933 ;
they were not found very satisfactory for
the recording of distant earthquakes as
owing to their low free periods (about 2 or
3 seconds) and large constraints, they were
not sufficiently responsive to slowly varying
impulses. They were, however, found to
be highly sensitive to quick period move-
ments of the ground, such as would be
produced by dropping a weight, or a buried
“explosion’’, and being portable were con-
sidered to be a very suitable type of instru-
ments for geo-physical prospecting.

Since writing the above note in Nature,
the instrument has been considerably im-
proved. The earlier form of the apparatus
for the recording of the vertical component
of the ground movements consisted of 2
cylindrical cup whose lower face was closed
by a metal diaphragm. and a narrow tube
was attached horizontally fitting a small hole
in its side, in which a small mirror was sus-
pended from an axle (Fig. 1). A cylindriecal
jacket covered the cup all round except the
diaphragm at the bottom. Some highly
viscous oil, such as paraflin or eastor oil, v:as
poured into the inner chamber and the
diaphragm was then loaded by attaching a
weight of about a kilogram or more to a
rod passing through its centre. The vertical
component of the ground movements sets
up oscillations in the membrane and forces
the oil to move to and 1ro through the narrow
tube and thus gives a large oscillatory angular
motion to the mirror which is recorded
photographically.,

The apparatus is shown diagrammatically
i Fig. 1,

ABCD is the inner chamber, of which the
lower face, CI), consists of a thin metal
diaphragm of 36 85.G. EFGH represents
the outer vessel. T i1s a narrow tuhe in
which a small mirror M is suspended from a
horizontal axis. G 18 a glass window in the
outer vessel to admit light for illumination,

A beam of light from a collimator telescope
18 made to fall on the mirror M and is
reflected on a photographic paper wrapped
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Fig. 1.

round a recording cylinder. VY is the weight
attached to the diaphragm. S is a tube
through which some viscous oil, such ag
paraffin or castor oil, is poured and the
chamber filled up to a height PQQ so that the
inner vessel 13 comptetely full of oil.

When the diaphragm CD moves upwards,
the oil is forced out through the narrow tube
T, the motion in the tube being magnified in
the ratio of the area of the diaphragm to that
of the section of the tube. The mirror
therefore acquires a large angular motion
about & horizontal axis. The whole instru-
ment rests on 4 cast iron platform with
three levelling screws L, L,, L..

In one instrument used in these experi-
ments, the following were the constants :(—

Diameter of inner vessel = 15 em.
Height of inner vessel = 15 eni.
Diameter of diaphragm (tin) = 15 cm.
Thickness of diaphragm (tin) = 0-019 cm.
Diameter of outer vessel = 23 cm.
Height of outer vessel = 23 em.
Diameter of tube = 1-9 cm,
Weight suspended = 1 kg.
Mechanical magnification = 60 times.
Optical magnification = 10 times,
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=000 times.
== 2-3 gecs.
= § 1,

Total magnification
Period
Damping ratio

The o1l used was casgtor oil.

Using a brass diaphragm of thickness
(¢ -02 cm., a period of 2-5 gecs. and a damping
ratio of 5 :1 was obtained.

If the vessels are of brass, castor oil (even
when pure) produces chemical action and it
slowly becomes green. To avoid this, the
vessels were all nickel-plated.

For 1llumination, a colliinator telescope
with a 6-volt straight filament lamp was
used. The recording apparatus counsisted of
a vertical eylinder, of length 6 inches and
diameter 8 inches, rotating and at the same
time moving vertically downwards along a
spiral. The ecylinder muakes a revolution
ouce every hour and undergoes a downward

f

digplacement of about a centimetre dnring

Ty

obtained by cutting off the light for 2 or 3
secs. every minute by means of the usual
elect romagnetic shutter. An instrument of
this kind was Xkept in action for several
months. During the period, the ingtrument
gave good vecards of microseisms hut the
records of distant earthquakes werce not
satisfactory. Experiments were therefore
made with membranes of other kinds. A
leather membrane of diameter 6 inches and
thickness 0-006 em, sueh as 1s used in musical
drums would inerease the period to about
32 seconds, and the damping ratio to 7 : 1.
The instrnment beecomes more sensitive teo
earthqnake waves but fthe “zero’ remaing
unstable nntil the membrane getfles down to
some sgteady conditions.  Usually, however,
when the instrument i used in this form leaks
occur 1n the membrane after a few weeks’
use. The same remarks apply also to rubber
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Fig. 2,

The apeck of light on the
photographic paper wrapped round the
cylinder traces a spiral. The motion of
the recording cylinder down Lhe spiral is
controlled by a e¢lock. The motion really
occurs under gravity but the clock acts a8 4
brake. As the cylinder rotates in tne same
direction as the minute hand of the clock,
the falling cylinder keeps the clock going.
No power is required from the elock, and
an ordinary cheap spring-driven clock may
be uged for the purpose, Time mark is

the interval.

l

membranés, A rubber membrane of dia-
meter 15 em. and thickness 0-08 cm. gives 8
period of 3 -4 seconds and a damping ratio of
7:1. It a membrane of larger diameter 1s
naed, the period is ineveared, but it does not
always ostcillate in the gravest mode.

A similar arrangement was adopted for
the recording of horizontal eomponent of the
ground movement (g, 2). The membrane,
BD, is in the vertical plane and i londed at
ity cealre by two symnetrical weights fixed
on either side of & horizontal rod.



534

CURRENT SCIENCE

P —

Y

The frequency N of @ loaded diaphragm
with water on one side and a mass m at the
centre is3 given by

N=0-4745 ¢ L

E— e ———— a e o mus  —— -

a® V(14 8-+5m /M)
where A 1g the thickness of the diaphragm,
¢ the velocity of elastie waves In an infinite
thin plane of the same material, §=0-668
p'a/ph, o’ being the density of liquid, pdensity
of material of the membrane, m mass SUi-
pended from centre of diaphragm and M
the mass of the diaphragm. For g rubber
membrane, taking E =10 Xx10'" dynes cm.-,
a=7-5em., h=0:021 ¢m., 0=0-:35, p=0-9,
p’ =1, *=E/p (1—0c®), we get the period equal
to about 1.5 seconds. The observed period
is 3 -4 secs. for a rubber membrane of this
type. The smaller value given by the above
formula is due to 1ts not taking full account
of all the physical effects. If we take account
of the fluid and its movement 1nto account,
then, 2 more accurate formula for the fre-
quency is

?

1 hid?
47 BA%yp " & ‘
where y==sp. gr. of oil, p=effective length
of channel, h==thickness of membrane, d=

NE

h
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centrc of the membrane and this ‘mass’
is comparable to the weight of the liquid
which rests on the membrane. It does not
therefore act as & free mass. A “mags”
which would remain stationary when an
impulse i3 communicated to the instrument
would require to be considerably greater
than the weight of the oil. Without a
suitable stationary mass, the differential
motion (i.e.,, motion with respect to the
stationary mass) communicated to the
membrane by ground movement is very
small.

In the later models, therefore, the design
of the vertical component seismograph was
moditicd to that shown in Fig. 3. In this
form the whole instrument, which is sus-
pended from a rigid support by means of a
rod attached to the centre of the membrane,
AC, acts as a stationary mass. If the sup-
port moves vertically downwards or upwards
through a distance oz, the centre of the
membrane moves through a distance dx and
thus forces out or draws in the oil through
the tube. In 7practice this form of the
instrument was also found not to work very
satisfactorily. This was due to the mem-
brane being strained and assuming a conical
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VERTICAL COMPONENTY
Fig. 3.

diameter of opening of mirror tube, a:-=dia-
meter of the membrane and A and B are two
constants. For a seismograph fitted with
a brass diaphragm, the data were h=20.021
cm., d=1-9cm., y=0-95 A=0:36, B=-R.77
x10"** p,=2x1.75x2.531 em. The period
comes out to be 2.02 secs.  This is very
nearly the observed period.

The above form of the vertical or hori-
zontal component seismograph is clearly
defective. IYor, there is a limit to the mass
which can be suspended from or fixed to the

shape under the weight which it had fo
support.

To remedy the above defect the instru-
ments were modified to the forms8 shown 1n
Figs. 4 and 5. The horizontal component
is suspended by a bl filar string from the
roof of the bunilding so that the plane of
oscillation is in the direction in which the
horizontal component is to be recorded. 1t
ig found that the Dbest sensitiveness is ob-
tained when the length of the string is such
a3 to give a period equal to the free perigd
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1- -
Vertical Component.
[ ] = - L4 *
BB—TFlexible Bellows. M-—Mirror. C—~—Collimator Telescope. D—Recording Cylinder.

K ~Dnving Clock.

PQ—Cast Iron Stand.

%p

Fig. 5.

Horizontal Component.

BB—Flexible Bellows. M--Mirrer.
D— Recording Cylinder.

of the menibrane. In these instruments the
mernbranes used have cylindrical forms and
congequently they undergo no abnormal
deformation and retain their elastic alter-
working. The most suitable form of nem
brane for instruments of this type appears
to be the flexible bellows (eylindrical), now
manufactured on a commercial gcale.
preliminary observations made with these
modified instruments indicate that they are
more sensitive to earthquake movements
than the earlier forms.

Fig, 6 is the record of an earthquake
and Fig. 7 of microseisms obtained with
vertical component hydraulic seismograph.

The chief advantage of an instrument  of
this type lies in the fact that the parts are all
assemmbled and it can be carried from one
place to another and installed I working
condition in a short time. Even the most
violent movements of the ground cannot
displace any of the working parts. The
damping ratic can be increased to any de-

The

C —Collimator Telescopse.
K—-Driving Clock,

SS—Suspension Wire,
PQ~—Cast Iron Stand.

sired extent by making the tube in which the
mirror is sugpended tapering. The calibra-
tion of the displacement of the speck of light
on the photographic paper in terms of the
agetoal groymd movements is readily made
by arranging to give specified motions to
the platform on which the instrument rests.

The chief defect of the instrument lies in
1ts  susceptibility to pressure tluctunation
produced by wgusts of wiud. This effect
arises on account of its functioning more or
less like an aneroid box. It has been con-
siderably reduced in the latest form of the
instrument by making the box (including the
0il) as heavy as possible consistent with the
elagticity of the membrane, so that the
variation in pressire fluctuation becomes
negligible compared with the total welght
which the membrane has to  support.
Nevertheless the effect is there and becomes
conspicuous when 8 large magnification is
adopted. The effeet can he further re-
duced by instafling the instrument in o
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, Vertical Component. (The interval

Fig. 7.

berween consecutive breaks equale one minute cf time.)

Record of microgseisms by Hydraulic Seismograph

La

double-walled room with an air-gap in

between which acts a8 a damnper to pressure
Huctuations.

The instruments are still in an experi-

mental stage and it is hoped to introduce
further improvements in them.

My thanks are due to Mr. K. N. Sohoni
who assisted me in taking the earlier geries
of observations.

The interval between consecutive breaks equals one minute of time,

Record of an Earthquake by Hydraulic Seismograph {Vertical Convonent). Distance of Earthquake, 3,600 miles,

' m
v #8. &




