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PEKDULUM WITH LIQUID FILLBR-IHSTRUIIBNT TO DEMONSTRATE 

DIURNAL ROTATION OF THE EARTH 

V,  Ta,  Oavrlk 

Evidences of the rotation of the Earth are baaed on the fact« that any body, 

moving relatively to the Earth, is afftottd by.the Coriolis force, with which is 

taken into consideration the effect of Earth's rotation on the relative movenent 

of body. The effect of Coriolis forces lies in ths fact, that a body, moving on 

the rotating Earth, will sithsr dsviats in direction, perpendicular to the in- 

stantaneous value of its relative speed, or exert a proper pressure on the con- 

nection. This effect is most clearly demonstrated in the behavior of moving liq- 

uids, exerting a pressure on solid body walls tangent to them in direction of 

action of the Coriolis force (so-called Bear law). Consequently it is natural 

that the .use of moving liquids is employed in demonstration instr-^isnts. But in 

the Grammel review 1 among numerous examples of experimental proof of the diurnal 

rotation of the Earth there is a single example of a hydraulic experiment (par. 

10, p.336) of Pero and Komba, based on tne law of surfaces in application to liq- 

uid flows, 

A pendulum moves under the effect of a gravitational force, due to the mass 

of the Earth, Its movement also reflects ths 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, Th9  movement of the pendulum is promoted by combined 

actions of two forces, not depending upon the experimentator, of terrestrial ori- 

gin 1 gravity and Coriolis, To demonstrate the diurnal rotation of the Earth the 

problem consists in the creation of pendulums, sensitive to ths action of Coriolis 

force. 

It is possible to suggest pendulums with solid lead, introduced by Fuko and 

2 
Pomekhohov , Tbe vieible dieplaoement of the pendulum with respect to the Barth 

is observed as a rotation of a roll lag ewrface at constant angular spsed (Fuko 
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pendulum) or with variable  (Poehakhonov pendulum). 

To  successfully observe the effect are needed  Puko pendulums of larger dimens- 

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 34 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  Puko pendulum of the Uoscow 

Planetarium is 4,6 m long,  of the Volgograd and Leningrad 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 Puko and  Poshekho- 

nov, 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 

Puko 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  loadt 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  (liquid 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 pendulum,   in- 

tended to demonstrate the diurnal rotation of the Earth,  allowe to utilise a par- 

ametric pendulum with liquid filler, dietinguished by accessiblity  (in comparison 

with Fuko pendulum) and simplicity (in comparison with Poshekhonov Pendulum), 
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Uhdar th« «ff«et of tht Corioll« oeaponont fero« of inortia tho filler por- 

lodloally, with a fr«quoncy of pondulua oooillatloni, ohangoo it« form within tho 

shell, retaining it« roluno unohangod, Th*  form and voluao of th« «h«ll ramain 

unchanged• Th« filler, following th« movonwnt of th« p«ndulum# i« disp/^oed in 

the she.*.., trying to situate its free surface perpendicularly to th« instantane- 

ous value of th« direction of the geometric «urn of gravitation and Coriolls forces, 

forces, and th« component load of th« pendulum a« result of periodic change in 

mas;: distribution acquire« an acceleration in horizontal direction parpendicularly 

to th« plane of rolling, i.e. in azlmuthal plane* In other word« th« pendulum 

shows the rapidly progressing deformation of the initial rolling plane with its 

simultaneous turning as result of periodic change in center of mas« of the com- 

ponent load. 

Fbr a pendulum with «olid load is introduced a oonoept of given length 1 , 

determlnable as 

"-^ (a; 

where 1 - distance from point of suspension to center of gravity. It-mass of pen- 

dulum and J - moment of inertia of tho pendulum relative to the axis of rotation, 

detorninable by formula n 

where n-nuirber of particle«, m. mas« of i particle and r^-its distance fron point 

of pendulum suspension. For a pendulum with «olid load th« valu« 1_ and J remain o 

unchanged in the process of its oscillation.  For a pondulum with component load 

they change in the process of esc illation and are expressed by ratio« 

j-/t+/.., (JO 
where  loT and J^ - their oon*ttat oompcnonte,  panaining to th« sh«ll,  lO0 and 

JtB 8 their variable componente, pertaiaiag to th« filler.  If for a pondulum 

with component load 1  ,  would deelgnate th« giv«n length during th« effect of tho 
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gravity force and 1 9 - during th« effect of gravitation and Coriolis forces and 

respactivaly by L   J and 1  82 - for th« liquid filler, then we will obtain, 

that under the effect of the gravitation force only 

<M-(i»+Wei (S) 

and under the effect of gravitation and Coriolis forces 

In the role of criteria, characterizing the demonatrating qualities of a pen 

dulum with component load, it is convenient to select the difference ^1  - 1 i 

1  2 * which according to formulas (5) and (6) and with consideration of (3) 

equals 

•     Ml 

where J.  „-,- static rr.oment of inertia of the filler in equilibrium position and ip.sl 

J   p- moment of inertia of the filler, the form of which was changed Vy the 

effect of the Coriolis force. 

Considering, that according to (?) the change 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 a* 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 wasa 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 of the pendulum. By *he presence of parametric oscillations 

does the proposed pendulum differ from Puko and Poshekhonov pendulums, executing 
« 

forced oscillations. 



?arametrlo oscillations, as Is known, are executed much easier, the greater 

the change in parameter and the smaller the energy losses in the system on account 

of fr^c+ior or resistance. Consequently, to reduce the time of inceaslng the 

effect to visually observed val >e it is necessary to try and reduce energy losser 

on account of suspension friction and resistance to asimuthal displacement of non- 

porteni Toad, and also pn «oeount of friction during the displacement of the liquid 

with respect to the flask. The presence affilier friction against the f1«fdr nnd the 

the lagging In its displaceme** relative to the foTce may distort the erperi'nent- 

rO results, and the ir.iperfectlon of the suspension mny lead to additional uefo^r"- 

^tior.s of rvime during the rolling of t^e pendulurr. In this case the effect, oh- 

rerve^ in the experiment, may depend only in p slight Hegree \ipon the Coriolis 

forces. That is why the filler must have as much as possihle a greater free sur- 

face .and non-wettability with respect to the material of the shell, and the sus- 

pension should be elastically-symnetrical relative to the vertical of the SUB- 

penalon, 

A favorable combination appears to be the use of mercury, having greater 

specific weight and table tennis (ping-pong) balls. The latter are of low woi^ht 

C-««?,? g) at considerable volume (^»15 cm3 liquid at half filling) and greater 

strength (filled with water when falling from a height of 2,4m, remain in tact). 

They submit easily to mechanical treatment, do not contaminate the filler, are 

inexpensive and can be obtained in any amount. 

To make a pendulum in the ball are made (drilled or burned through) two holes 

of different diameters spaced at a small distance 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 prevent possible 

evaporation of the mercury). On one end of the suspension (string or other thin 

metal wire) 0,23 - 0,3 m in length, is fastened a rubber ball, the diameter of 

which corresponds to the diameter of the larger opening in the ball. The free 
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end ot the suspension ~s then run through the Jareer ~4 •malle~ openin~s ot the 

bAll .v11 the lArger opening ill pasted up. The tHe end or the Sllspension is passed1 

'"ith t he aid ot a needle) through a :ruhber flate ot about 1 om in thioknewa (e.g. 

through a school eraser) ~d. &tter removing the needle• it is tied in a knot. If 
the rubber plate is then tastet•d horisontally at the height or greater leneth of 

r end uJum• then the thread ot the suspension• fastened by knots in the lower pa~t 

of the ball and in the upper side ot the plate will tie the load with point ot 

•u~pension nnt by rigid r~stenings• but by meana of elRstic· {rubber) symmetrical 

bu rfars• reducing to a minimum the additional deformations or the suspension• thus 

i n~r~a~i~g tbe relative ettect ot the Coriolis torce. 

A ,-:.~1-: ematic drawing ot a pendulum with component load is shown in the illu-st 

ration• where it is designatedt 1-shellJ 2-tiller {mereury), 3-water, 4-buffer 

~ubber ballf 5-suspension threadJ 6-butter ruhberf 7-knots of suspension thread. 

"'o start) the pendulum is burned through thread a •. which holds it in ini~1.a1 de­

!1ectet1 position. Such a pendulum at an initial aagle or inclin:ttion ot about 10" 

a~~ures ~ith!n 3-5 min after the ~tartine at a latitude of a~out 60° (in ~ningrad) 

n ~ jrec t observation nf ~he eftect of Earth's rotation on. ~t1 its rolline plane 

be~o~~s deformed and turns in on~ direction tr,r1ng,to settlo in plane ot geogrnp-

1 :~ paral) 91 ( i n East-West direction) and in this aspect appears to be a peculiar 

C 0:rtp n s s. 'J'he &ffect appears most ViVidly When . the initial plane Of pendul um 08-

c i l l ntion is in direction• close to North-South direction• at which the di aplac-

i nc e:f"feet of the Cor:iolis torce on ·the !ilJ er ap:pca!'r. t.( ~ 

~''<'h a ~cni~:~. J.'-:: -:J .. :.1 t :1b:a tennis ball ·.yith mercury half filler a.nd men-

'tloned ~utter auapension assures the observation of the effect at a suspenslon 

length of 0.25 - 0.5 m. 

Observations can be condQcted b7 the shadow of the load• derived under it on 

~ 3heot ~r paper with a system of radial lines trom an electric licht• situated 

at t!le point ot pendul ·.vn suspension. 
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In this way,  the pendulum with liquid filler has the ability of accunalatln{» 

■tne  actions of small  Corlolis accelerations,  ietectinc the effect of CoriollG 

fero«a on liquid-soliJ pendul-jun load,  in contrast  to Pui:o and Poshekhonoc pend- 

ulums, demonstrating its effect  on a «olid load.   It appears to be a peculia" com- 

r-i'"^   indicating direction,  perpendicular to true (geographic) meridian. 

Literature 

1, R^rammel', Mechanical Evidence of Earth's Rotation, Uapekhi Fi«ich, Nauk 3, 
335 (1923). 

2, G,L, Poshekhonov, Author Theses No, 94733,  1950, 

PTD-TT-64-539/1+2 



DEPARTMENT OF DEFENSE 

DISTRIBUTION LIST 

Nr. Copies 

HEADQUARTERS USAF 

ARL (ARB) 

OTHER AGENCIES 

AEC 
ARMY-(FSTC) 
NAVY 
DIA 
ATD 
CIA 

NASA (ATSS-T) 
NSA 
OAR 
OTS 
PWS 
PGE (Steensen) 
RAND 

MAJOR AIR COMMANDS Nr. Copies 

DDC 20 
AFSC 

SCFTC 
TDBDP 
TDBTL 
TDGS 
SSD (SSFAR) 
moo « 

AIDC (AEY) 
AF1TR (MTW) 
A7WL (WLF) 
iTGC (PGF) 
ASD (ASFA) 
ESO (ISY) 
RADC (RAY) 

FTD-TT- 6^-5J9/l-t-2 


