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Tomeasuretheviscosityofatransparentviscousliquidsuchasglycerine,the

fallingballmethodbasedontheStokes'slawiswidelyused,Theessentialpart

ofthismethodisthemeasurementofvelocityoffallingballthroughliquid,

whichisinfluencedbytheproximityofthewallsofthecontainingvessel,aswell

asbytheradiiofballs.Thispapezdescribestheresultsofmeasurementoffalling

velocitiesofballsthroughtheliquid(glycerine}undervariousconditions.The

illustlatedexampleofviscosimetricmeasurementofglycerineisgiven.Bymeansof

therotatingshutterstrobecamera,theinitialtransitionalphenomenaofmotionof

fallingballsthroughliquiduntilaterminalvelocityisreachedarealsostudied.

INTRODUCTION

Avarietyofmethodsi?,areavailableforthemeasurementofviscosityofliquid;

forexample,themethodsbyobservationoftheflowoftheliquidthroughatube,the

coaxialcylindermethodandtheoscillatingdiskmethodareused.Forthemoreviscous

liquid,however,itisconvinienttousethefallingballmethodbytheStokes'slaw.

Themeasurementofvelocityoffallingballsaretheessentialpartofthemethod,and

itdependssensitivelyupontheradiusofball,thesizeofcontainingvesselandtempe

ratureofliquid.Thechiefobjectof .thisexperimentistostudythevelocitychangeof

fallingballsundervariousconditionsandtoseethetransitionalfeaturesoffallingballs

throughtheliquid.

1.EXPERIMENTALS

AccordingtotheStoker'sIaw,thespheresmovewithaterminalveloctyvo,

whichisgivenby

」F=6π ηηoプ

whereFistheviscousforceactingonthesphereofradiusrcros.andrlistheviscosity.

InthesteadystateFisequaltothenetdownwardfarce

i・e.6π ηη・・一 π・・(ρ一 δ)9

」.e.

whereρisthedensityofthesteelballandδisthedensityoftheliqujd(91ycerine).

Asthevelocityoffallisinfluencedbytheproximityofthewallsofthecontaining

vessel,thespheresshouldtherforebedroppedcentrallyinthevessel,andcorrections

forsizeeffectsshouldbeconsideredintheexperiments.
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ArelationbetweenηtheobservedtermlnalvelocityinavesselofradiusR,and

vo,thevelocityinavesselofinfiniteradiushasbeengiven,viz.,

.r

π(2)va==η(1十2.4.)

Thisistheequationforcorrection.

Nowaglasstube(¢=12.2mms.)is丘11edwlththeliquid(glycerine85～86%),

whosetemperatureis30°C.

Theballbearing(φ=1.2mms.,0.007192gms.)istransferredtotheglasstube,

andafterdroppingafewcros.theirterminalvelocityisobtainedbytimingafall.To

avoidparallaxerrorspapercollarsareattachedtotheglsstube,andtheupperedgeof

thesecollarsareusedaspointsofreferenceforthedetermination.Thedistancebetween

twopointsofreferenceis64.4cros.

Thetimeoffallsisgivenasfollows:

1

2

Q
U

4

rO

ρ0

sec.

108.4

8.4

S.2

8.0

7.0

8.O

xos.o

ノ

d・10

4

4

2

0

10

0

Σ ∠2--mean

mean・ ・r・・一 ±1謬
、)一 ±%`136x1°-Zv6X_5.__.± ・・22

・el・tiv・meanerr・ ・ 一 ± °.22108
.0× …%一 ± ・・2%

TheapParentterrninalveloityη1Sgiven:

v-64._4_108
.0・ ・596・m./・ec・

Sincethevelocityvisgivenasv=t-,themaximumrelativemeanerrorisgiven

・・ 穿 一 考+ず,wh・ ・e!i・th・dl・t・nceb・tweenp・int・ ・f・ef・ ・ence・nth・tube.

Putthevaluesl=64.4crns.,∠1=±0.05cms.(estimated)alld

d
,t=-1-0.2°0,thenweobtainthevaluedv=-1_-0.3°o.
tv

UsingtheEq.(2),wemaycalculatethevo

vo=0,736crn./sec.±0.3%
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II.VERIFICATIONOFEq.(2)

Usingthetubesofdifferentradius,Eq.(2)maybetested.Theballbearings(φ=

1.2mm.)aredroppedintothetubesofdifferentradiusfilledwithglycerine,(1.26

gm./c.cm.).Thetemperatureismaintainedat28°C.Allthemeasurementswere

carriedoutunderthesameconditions.TheresultsoftheexperimentareshowninTableI.
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TableIExpeirmentalresults.
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Fig.1.Thefallingvecloitiesindifferenttubesareplotted.

AsshowninFig.1thecorrectedvalueofterminalvelocity,i.e.thevelocityin

avesselofinfiniteradiuscanbefoundasO.763cm./sec.±1.2°0.

Themeasurementsofterminalvelocitythroughliquid(glycerine)withballbearings

ofdifferentradiuswereperformed.ExperimentalresultsareshowninTableII.Each

ballbearingusedconsistsofsamematerial.

Table皿Experimentalresults.
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C

・〈)一

、 ± ＼ ±
)

、「

一 一h一 隔鞠魎隔O

(

、、
、 鴨

、

APPARENTVELOCITY

一c 》～

DIAMETERSOFTUBES

I25.3mms.

II21.9〃

III17.8〃

iV15.6≫

Vl2.2〃

0.5

Diameteroftube

12.2mms.

1
1.a 1.2

1

1

ノグ 　

1

r2mm2.

Apparentterminal
velocityvcm./sec.

0.0625

0.1095

1.5

;一… 層-雪一1

!

1_...._一 一.__

Correctedterminal
velocityvocm./sec. 0.1190

0.250010.360010.5625

1

0.4020.567iO.796

　
0.4700.68611.030

1

一99



一 一experimentonFallingBallsthrougha"liransparentViscousLiquid

Theexperimentalplotofterminalvelocityagainstsquareofradius

isillustratedinFig.2.
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Fig.2Theplotofterminalvelocityagainstsquare

ofradiusoftheball.
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Fig.Zshowsthegoodlineality(shownasasolidline)betweenthecorrectedtermi-

nalvelocityandsquareofradiusofball,whichistheverificationforEq.(1)aswellas

Eq.(2).

III.EXAMPIE

Wenowgiveanexampleofameasuementoftheviscosityofglycerinebyfalling

ballmethod.Thedataaregivenasfollows

ballbearing(2r=1.2mm.,p=7.951gm./c.cm.)(given)

glsstube(2R=17.8mms.)(measured)

distancebetty.pointsofreferenceonthetube

(1=68.4mms.)(measured)

g】ycerlne(δ=1.259gm./c.cm.)(measured)

temperature(29°C)(measured).

Thedataofmeasurementoffallingtimebetween.referencepointsbyastopwatch

aregivenasfollows
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Wecancalculatetheapparentterminalvelocityoffallingballasfollows:

v=t-=93:5=0.732cm./sec.

Hencetheterminalvelocitycorrectedforsizeeffectisgiven:

va=v(1-t-2.4R}=0.836cm./sec.

ThusbyputtingthesedataintoEq.(1),

j・eη 一2「登名まδ)・

weobtainthevalueofviscosity;

η=6.28Pat29°C.

Letuscalculatetherelativemeanerrorofresultsofourmeasurement.FromEq.

(1),neglectingtheerrorduetoEq.(2),

ヂ ー4鴇 の+2誓

wh・・dve‐iv・・ubstitut・dbylt+att・ndth・ ・ef・・e,。

穿 一男 ≠24rr+all+dtt

Additionaldataaregiven

Jδ=0.005gm./c.cm.(estjmated)

dp=0.00005gm./c.cm.(given)

dr=0.0001cm.(estimated)

dl=0.05cm.(estimated)
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PuttingtheseBetaintotheaboveformula,weobtaintherelativemeanerrorof

vi,c。 、itymea、u,em。nt、 鯉 一 ±0.8%.

η

Finally,ourresultareledto

η=(6.28±0.05)P,0.8%at29°C.

Iv. STROBOSCOPICEXPERIMENT

Inodertoexaminetheinitialtransitionalphenomenaoffallingspheresthrough

liquiduntilaterminalvelocityisreached,weusetherotatingshutterstrobecamerae'‾5'

showninFig.3wassetup.
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,

Fig.3Schematicdiagramoftheexperimentalarrangement.

InthisffigureDisametaldiskwithoneslit,whichisrotatedatexactly1800rpm

byasynchronousmotordrivenat60cpsalternatingpower.Tisthevesselfilledwith

glycerine.ApieceofglasstubeT/lsinsertedinthevessel.Byallowingballtofall

downthroughthistube,itmaybedroppedcentrallyinthevessel.Asasourceof

illuminationthehighpressuremercurylamp(50W)wasused.Toavoidtheheating

effectbythelampawatervesselFisplacedasafilter.ThescaleSisattachedtothe

tube.Thecamera(lens.f‐50mms,F:3.5)ismountedatadistanceabout18cros.

fromtheobject.Throughaslitoftherotatingdiskthephotographofasuccessiveposi-

tionoffallingspherecanbetakenatintervals1/30sec.

ThephotooffallingspheresisshowninEig.4.Fromthistheactualdistancesof

fallingsphereatintervals1/30sec.maybecalculatedbyusingameasuringmicroscope.

Wehavenumberedthesedistances;thepositioninthevicinityoflowerendoftube

T!istakenasinitialnumberingpoint.Theplottingofdistancesvsthenumberisshown
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Fig.4Actualphotooffallingballs.

inFig.5.

Fromthegraph(showninFig.5)theapparentterminalvelocityisgivenasv=

5.70mms./sec.,whichisinverygoodagreementwiththeresultobtainedbyanother

fallingexperimentillustvatedonpage1.Withcarefulworkanover-allerorrofO.2°o

ispossible.

V CONCLUSION

OurexperimentsprovideatestofseveralconsequencesofEq.(2)andtheperfect

agreementisshown.Accuraciesofourexperimentalresultsaregenerallyquitesatisfac-

toryinourstudentlaboratory.TherearemanyreasonstousetheStokes'slawinthe

experiment.Itssimplicityandlucidityareattractive;andasitwasusedtosolvefunda-

mentalproblemsinphysicsbyEinstein,PerrinandMillikan,italsomayleadthestu-

dentstoabetterappreciationofthebasicprinciplesofphysics.

Thestrobecameraapparatusallowsthestudentstovisualizethetransitionalpheno-
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Fig.5Theplotofdistancesofsuccessiveintervals.

mena.AsshowninFig.5somefluctuatiosfromthestationalstateinthelaterstageof

fallcanbeobserved.Itmaybeduetooscillationsofthesphereduringitsdecentina

stationalliquidcolumn.Furtherexperimentaldetailsandresultswillbepresentedina

laterpublication.

ACKNOWLEDGMENTS

TheauthorwouldliketotakethisopportunitytothankChie#DirectorK.Fujii#or

hisconstantencouragement.ManythanksarealsoduetoPresidentProfessorN.Naka-

muraforhiskindguidance.Theauthoristhankfultomanystudentswhohaveassisted

usinthisexperimentandwhohaveservedanmw三ttinggunineapigs三nhelpingusto

learn"DasLeinendesLernens".

一一ion



i>

2)

3)

4)

5)

ExperimentonFallingBailsthroughaTransparentViscousLiquid

REFERENCES

Westphal,physik,ｧ78;Kl.Lehrb.d.Physik,ｧ70.

D.L.EnlowandP.A.Schroeder,Am.J.Phys.35,651(1967).

E.Hurrins,PhysicsI(W.A.BenjaminCompany,Inc.,N.Y.,(1965).

W.E.Hazenetal.,Am.J.Phys.27,174(1959).

W.W.McCormick,LaboratoryExperimentsinPhysics(MaciMllanCo.,N.Y.,1966).

一一log-一


