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PENDULUM WITH LIQUID FILLER-INSTRUMENT TO DEMONSTRATE
DIURNAL ROTATION OF THE EARTH
By
Ve Ya. Cavrik

Evidences of the rotation of the Earth are based on the fact, that any body,
moving relatively to the Earth, is affected dy.the Coriolis force, with which is
taken into consideration the effect of Earth's rotation on the relative movement
of tody, The effect of Coriolis forces lies in the fact, that a body, moving on
the rotating Earth, will either deviate in direction, porpondioular to the in-
stantaneous value of its relative speed, or exert a proper pressure on the con-
nection, This effect is most olearly demonstrated in the behavior of moving lig-
uids, exerting a pressure on solid body villl tangent to them in direction eof
action of the Coriolis force (so-called Bear law), Consequently it is naturzl
thgt the .use of moving liquids is employed in demonstration instruments, But'in
the Grammel review 1 among numerous examples of éxp;rimontal proof of the diurnal
rotation of the Earth there is a single example of a hydraulic experiment (par,
10, r.356) of Pero and Komba, based on the law of surfaces in application to lig-
uid flows, |

A pendulum moves under the effect of a gravitational force, due to the mass
of the Earth, Its movement also reflects the Coriolis force, due to diurnal ro-
tations of the Earth, The latter is relatively low as result of low angular vel-
ocity of Earth's rotation, The movement of the pendulum is promoted by combined
actions of two forcesy not dopondiné upon the experimentator, of terrestrial ori-
gins gravity and Coriolis, To demonstrate the diurnal rotation of the Earth the
problem consists in the creation of pendulums, sensitive to the action of Coriolis
foroe, . .

It is possidle to ougcoii pendulums with solid load, introduced by Puko and
Pomekhohovz. The visible dieplacement of'thi pendulum with ronpoo{ to the Earth

is observed as a rotation of a rolling swrface at oonstant angular speed (Puko
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pendulum) or with variable (Poshekhonov pendulum), '

To successfully observe the effect are needed Fuko pendulums of larger dimene-
ions, And so, the Paris Fuko pendulum is 67 m long and weighs (a load) 28 kg, the
Leningrad unit is 96 m long and has a load of 54 kg, The preparation of unique
Cardan suspensions of demonstration pendulums enabled to reduce their length to
several meters (at a load of about 30 kg). And so, the Fuko pendulum of the Moscow
Planetarjum is 4,6 m long, of the Volgograd and lLeningrad Planetariums - about 7 m,

The Poshekhonov pendulum represents a bar with weights and frame, capable of
rotating about an azimuthal axis in direction of Earth's rotation,

Pendulums with solid loads, introduced at various times by Fuko anc Poskekho-
rov, due to structural and operational difficulties have not attained broad appli=-
cation,

One of the ways of increasing the quality of pendulum instruments, intended
to demonstrate the diurnal rotation of the Earth, is the use in then of non-wet-
table liquids with free surface, Experience shows, that the sensitivity of the
Fuko pendulum to the effect of the diurnal rotation of the Earth (at unchanged
weight of load and length of suspension) rises sharply when the solid load is re=-
placed by a compound load: solid flask, partially filled (to the middle) with a
heavy non=-wettable liquid, The observed rise in demonstration qualities of such a
pendulum is explained by the fact, that its load consists of masses, differing in
their state of aggregation (1iquid and solid body), which under the effect of
Coriolis forces do behave differently., This difference lies in the fact that dur-
ing the displacement of the center of mass of the solid body, the disposition of
atoms (or molecules) of the body relative to it remains unchanged, In liquid it
may change, That is why the use of a combined liquid-solid load in a pohdulum, in-
tended to demonstrate the diurnal rotation of the Earth, allows to utilize a par-
ametric pendulum with liquid filler, distinguished by aocoasiﬂlity-(in comparison

with Fuko pendulum) and simpliocity (in comparison with Poshekhonov Pendulum),
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Undar the effect of the Coriolis component foroe of inertia the filler per-
iodically, with a frequency of pendulum oscillations, changes its form within the
shell, retaining its volume unchanged, The form and volume of the shell remain
unchanged, The filler, following the movement of the pendulum, is displaced in
the shelili, trying to situate its free surface perpendicularly to the instantane-
ous value of the direction of the geometric sum of gravitation and Coriolis forces,
forces, and the eomponent load of the pendulum as result of periodioc change in
mass distribution acquires an acceleration in horigontal direction perpendicularly
to the plane of rolling, i.e., in azimuthal plane, In other words the pendulum
shows the rapidly progressing deformation of the initial rolling plane with its
simultaneous turning as result of periodic change in center of mass of the com-
ponent load,

For a pendulum with solid load is introduced a concept of given length 10,

detbrminailo as .
J
“-mo
. (1)

where 1 - distance from point of suspension to center of gravity, M-mass of pen-
dulum and J - moment of inertia of the pendulum relative to the axis of rotation,

detorminable by formula z
J= Y .l"o
& @)

where n-number of partiocles, m, mass of 1 particle and ri-it- distance from point
of pendulum suspension, For a pendulum with solid load the value 1° and J remain
unchanged in the process of its osocillation, For a pendulum with component load

they change in the process of escillation and are expressed by ratios

hmlyetloem g+ 2Et (3)
JumJtytdu. o (&)

where 1 . and JT = their oonsttnt qohpbnontl, perzaining to the shell, 1, and

J their variable components, pertaiming to the filler, If for a pendulum

ts,s
with component load 1°1 would designate the given length during the effect of the
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gravity force and 102 = during the effect of gravitation and Coriolis forces and

respectively by Lop of and 1 = for the liquid filler, then we will obtain,

op.s?
that under the effect of the gravitation force only

boi=lyr+igg.cy (J-)

and under the effect of gravitation and Coriolis forces

logmigs+lyn.ca (6)
In the role of criteria, characterizing the demonstrating qualities of a pen
dulum with component load, it is convenient to select the difference‘Zilo - loi-
1 _o » which according to formulas (5) and (6) and with consideration of (3)
equals

Algm?s ll-gl;;’. m.e2 ( 7)
where Jip.sl' static moment of inertia onf the filler in equilibrium position and
Jop.s2- moment of inertia of the filler, the form of which was changed ty the
effect of.the Coriolis force,

Considering, that according to (7) tre changs in given length of the pendu-
lum with component load depends on the change of given filler length (active
factor) at unchanged given length of the shell (passive factor), we arrive at a
conclusion, that in preparing such a pendulum it is necessary to make efforts
that the mass of the filler should be possibly greater in comparison with the
mass of the shell (suspension mass can be disregarded),

In this way, as result of change in mass distribution of the component load
at the time of pendulum movement the latter executes parametric oscillations
under the effect of Coriolis forces, The parameter appears to be the given length
of the pendulum, periodically changing under the effect of Coriolis forces, chang-
ing the form of the moving filler with free surface, and consequently, also the
moment of inertia ot the pendulum, By *he presence of parametric oscillations

does the proposed pendulum differ from Fuko and Poshekhonov pendulums, executing

forced oscillations,



Parametric oscillations, as is known, are executed much easier, the greater
the change in parameter and the smaller the energy losses in the syatem on account
n® frictior or resistance, Consequently, to reduce the time of inoveasing the
effect to visually ohserved value it is necessary to try and reduce energy lossern
on account of suspension friction and resistance to azimuthal displacement of com=
porant load, and also on account of friction during the displacement of the 1iquid
with respect to the flask, The presence of filler friction against the flask and the
the lagrine in ita displacement relative to the force may Aistort the experiment-
al results, and the inpperfection of the suspension may lead to additiona) defowr-
ations of same Auring the rolling of the pendulum, Tn this case the effect, ob-
served in the experiment, may derend only in a slight degree upon the Coriolis
forces, That is why the filler must have as much as posaidble a greater free sur-
face and non-wettability with vempect to the material of the shell, and the sus-
pension éhould be elastically-symmetrical relatiye to the vertical of the sus-
pension,

A favorable comhination appears to be the use of mercury, having greater
apecific weight and table tennis (ping-pong) balls, The latter are of low woisht
(=2,5 g) at conniderable volume (== 15 cm3 liquid at half £illing) and greater
strength (fillo& with water when falling from a h;ight of 2,4m, remain in tact),
They submit easily to mechaniocal treatment, do not contaminate the filler, are
inexpensive and can be obtained in any amount,

To meke a pendulum in the ball are made (drilled or burned through) two holes
of different diameters spaced at a small 1istance from each other and through
the larger one the ball is filled to half (to the middle) with a non-wettable
liquid, best of all, with mercury, Then some water is added (to provoni possible
evaporation of the me:cury). On one end of the suspension (atring or other thin
metal wire) 0,25 - 0,5 m in length, is fastened a rubber bali, the diameter of

which corresponds to the diameter of the larger opening in the ball, The free
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end of the suspension is then run through the larger and smaller openings of the
ball and the larger opening is pasted up, The free end of the suspension is passed,
with the aid of a neodle)through a rubber r]ate of about 1 em in thicknews (o.g.
through a school eraser) and, after removing the needle, it is tied in a knot, If
the rubber plate is then fastened horiszontally at the height of greater length of
rendiulum, then the thread of the suspension, fastened by knots in the lower part
of the ball and in the upper side of the plate will tie the load with point of
AMuspension not by rigid fastenings, but by means of elastic (rubber) symmetrical
buffers, reducing to a minimum the additional deformations of the suspension, thus
inereasing the relative effect of the Coriolis force.

A s~tematic drawing of a pendulum with component load is shown in the illust
ration, where it is designateds l-shell; 2-filler (mereury); 3-waterj A-buffer
rubber bally Sesuspension threads E=-buffer rubberj 7-knots of suspension thread,

Mo start,éhe pendulum is burned through thread 8,_which holds it in initial de-
#lected position, Such a pendulum at an initial angle of inclination of about 10°
assures within 3=5 min after the startinc at a latitude of about 60° (in Leningrad)
a iirect observatinn of *he effect of Earth's rotation on 4ts its rolling plane
becomes deformed and-turns in one directior trying .,to settle in plane of geograp=-
hir parallel (in.East-Wbst direction) and in this aspect appears to be a peculiar
compass, The effect appears most vividly when the initial plane of penduium os-
cillation is in direction, close to North-South direction, at which the displac-
ing effect of the Coriolis force on the filler appears *¢ Ye maximum,

Sveh a pendula. froc 2 tahle tennis ball with mercury half filler and men-
tioned buffer suspension assures the observation of the effect at a2 suspension
length of 0,25 = 0,5 m,

Observations can be conducted by the shadow of the load, derived under it on
a sheot of paper with a system of radial lines from an electric light, situated

at the point of pendulum suspension,
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In this way, the pendulum with liquid filler has the ability of accunulating
tne actions of small Coriolis accelerations, detecting tae effect of Coriolis
forcus on liquid-solia penduluam load, in contrast to Fuko and Poshekhonoc¢ pend-
ulums, demonstrating its effect on a s80lid load, It appears to be a peculiar com-

pa3s, indicating direction, perpendicular to true(geographic) meridian,
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