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Millikan Oil Drop Experiment

*Millikan's apparatus first showed that charge g = ne was quantized.

*Charged oil droplets were balanced in between electrostatic plates.

*The net force on a falling oil drop is due to the acceleration of gravity mg, a retarding
drag force -bv of air resistance, and elecrostatic force gE.

F=ma=mg—-bv + gF
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m = gna3(p0il _ pair)
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With V=0, after a brief fall time the drop reaches terminal velocity v, =d/ {, .
Vis adjusted +-V | and v measured again by determining the time t,. to
move distance d.

The data can be used to show that charge is quantized and to determine the
fundamental charge g, = e.
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Millikan Oil Drop Experiment (2)

d

qE = mg+b - Equation of motion after terminal velocity reached. vy =— (1)
tO
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1) See datain Table 1.1 for your calculations.

2) Use Eq (3) ty to find the average drop radius a for each case. You
will need this to find b in step 3).

3) Use Eq (2) to find q for each trial (1-12).

4)  Assume fundamental charge e=q,,, .

5) Determine n=4q/q,,;, and round off n to the nearest integer.

6) Graph 1/t vs n (see Figure 1.4). How does this linear plot
show that q is quantized?

7) Determine the best value of the electron charge e = q,,,,, from the 12 data
points (drop-1 and drop-2).

8) Values of p—oil and p-air are in the text.



2 1. EXPRRIMENTS ON QUANTIZATION

2, The Millikan ()l Drop Experiment
2.1 GexNBrAL

In 1Kxs, T Milikan teperted a reliahle nethod foy messuning ionic
chargea. It consistz of oheerving the mation of gmall ail dxoplets under the
infhaenee of un eleecric fieid, Trunlly the deaps nequive & few electoon charges
and thus copventinnal fields unpart To them velovities that permit iznla-
tion of v drop and continuous uhseevation for » cunsidezable length of time;
further. the mass of the o1l droplel yemaing almost eonstant {Uee is very
alight evapomtion] during Lhus: Tong nbecrvation timee.

In prinviple, il we messure the force due to U eleatric dckl R,

F.=qF = nel 12.1)

we can ollain we: vapeatitg ihis meaasuremenl for aaversl fur ihe Fame)
drops bul with Gi “ement values of the nteger w, we ean exhoact Lhe rharge
af the cleeleun &

The clectrie Toree can be measuved either by a null methud—that ia,
by salancing Lhe drop againsh e geavrtationnl force —ar uy will he de-
sevihed here, by observing ke motion of the deop under the infinence of
both forees. Oil dropleta i air, aetad on by u cunstant faree, svon reach u
terminul velovity given by 2lokes’ law,

F = Gmayy 2.2)

" arhere @ 3¢ the radiuz of the (aszumed sphorieal) deaples, o the: viaroeity vl
the oil, naud ¢ the terminal velucily. ‘To obtuin Wi “ading of the dmp (needed
in Bq. 223 we obeerve the Mree fall of the drop; the gravitational force 1%
Py = §vadp — o 12.8)

with p aml o the density of air snd oil sud ¢ the aseclemtion of graviby.
Ychernativally, a5 snown in Fig. 1.1, the upperatus coneists ui two paralle]
plates which can be alternalively eharged lu 6 constant putential 5 Ve
—TF, ur 0. The dvop = then abeerved [with talegeope) nnd the tume §
it tukes Lo travel through s distance 4 is mewsured. Lei Po denote the force
on a nwgatively charged drop with elestrie field up (fime (. ; electric jorea
widing geavity! and P the force with eleelriv feld down {lime € clectric
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~Y
F16, 1,0 Foreen on o churged off drop belwsan Lby tF' 1
plates of che Millikan apporause. E e .
i |

=

ioree nppraing gravity ). Then
Fo o= depei Vigl — dxai(p — oy = Orapd(1/0_\")

(2.4)

£y = —dea’(p — w)g = Gwogd ()~

whera tha sign convenlions Luld if £iz ennzidered >0 when the drop moves
np. ¢ - b wheo il iy moving down. A enavenient method of unalysis 14 to
write g, 2.4 as

| Ve
—  ==4dn -8 A =
£ FAn Baxayd
2.5)
1 tp — )
- —n B 2% - na
% a Qlf

w0 thal, A and B can be easily determined. |

Tadewml, a plot of 174, againet n reveals the linesr relsbivnship aod
the: fact thal only Sateger values of » appear, proving thet the drop has
uequinsl oue, two, three, or more electrie ehinrges of vulue ¢, nod uever a
frastine of that salue. 'I'hus we have elear evidenee Lhut the lonio ehargs
pickel up by the oil drops iz guantized. Turthermore, Whe absolate value
uf 1lis miniral electric charge is in good ugrecruenl with inferred measure-
iments of the charge carsied by the atomic cleelrony.§ sud therclore 3 ae-
aepted aa the moat accurate value of the vhung: ui Lhe electron.

2.2 TEE EXPERIMENT

The apparatus used in this labostory {Fig. 1.2) ronaigts of two paraliel
brass platez | in, thivk sud spproximately 2 in. in diamster, placed in o
jucive eylinder held spact by thres cemmie apacers 4.7 mm long, This
ascembly i3 m tum caclosed o a cylindriral hrasa houaing with provisions
for electricsl connections nod conlaining two windows, one for Uluminstion
of the drops and one for obgervation. The tnp plata has a amall hole in ity

t These expressions nv: in ngs units s thut ¥ oot be sapesesed Lo statvolts if ¢ s to

be abtained in 2.
t Asin ¢fouexperiments, shot noles sssunanenls, sle,
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Fic. 1.2 Millikan il drop expedmoent schematie of the apparabiz.

cemter Jor the admission of the vil deope, which are prodnead by spruyiog
oil with n regular atomizcr,

To charge the plates, s S00-V battery snd a neversing switeh are used;
{he platiss are shunted by o 50-megohm reaistor o prevent them feum ri
maining chargad when the switeh ie open. For observationa a 10-cm fueal
leogll mieroacape is usod (Ceara 72025), while llumination 12 provided
by a Mazda 1017-wutt lamp and condeasiog lens. To avoid convertion
eurrenta imside the spparmtiuz, a hest-absorbing filter {Corping infrared-
ubkorhing) ia placed in the ilhnainating besn,

The plates should be made parpeadisuluc (o tha gravitutional feld hy
meang of the three leveling serews at the buse of the apparlus and & lavel
placed on the top plale. Being & cusiue crrr, tha deviation inbrodnced by
an angular displucernent. of the gruvitwsionnl componeut from perpe-
dienlar by § dugrens is 1 percent. A vuluc for the plate spaving & may be
ohtained by using thu stage micrometer, The micrmeter should he foensed
on s wire insecied in the oil hole in the renter of the lop plate, and the
* penaahadr of e mirromerer should be moved along the Jenpth of the wire
Sevaral mewsurementa shankl be tuken and their resulls pveraged.

The welowitivs are determined by mensuring with u glop wateh the time
requircd for the droplet to rover s sperified number of divikiona of the
microstope seale. Care must be laken to avoid draits and vibrations i the
vicimily of the apparatus; tor thut renson and because uf Bmwniso moetion,
the drup may wander or be displaced ont of the ficld of the microscope.
It may thin be necessary to reposiiion the micrescope hetwesn mensun:
menls on & 2ingla drap. Marcover, the drop should be kept in focus 1o
avoid perallax Arenza.

Doth the microacope and Lhe Jight, sonree may be adjusted by viewing
w sowall wire ingertad fm the oil hole. The light shuuld be adjneted so that

i
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the Tueal point is somewhat shead or ehimdd the wive snd She wine (s mo-e
or lss evenly iluminated, To light the acala, o small lght 33 plexsd nesc
Lo Ll 8hit inst abwead of W eyepicer of the microscope, The sctusl distanee
W whier a seale division corngspnnds may ba fowd by using somicgeenpe
Jide on which 2 aubdivided milimeter scals hae beor serehud b The
eyipiiee jorua of the micrescope zhenld not be changed durizg o v,
sined moving the eyepivce elanges the afertive distuoee ui Lhe #nale.
{To bring the drop baek intu foenk tha entivs microscope should b moyed. ]

It ig itapnrten: t b be speaymy in the arnonnt of oil sprayed into vhe chaabas.
In addition fo gumsning up (e interinr more guickly, lanze quantities
create 80 many pacticles in Wi miceegeape field that withuat exeessive
cvesteain 3t s vicbually impoasible 7o aingle out and (olow o single deoplet.

Under tiwe flucoce of gravizy, droplets will full wt various limicicg
apeeda. 1§ the pluies woe charged, 3nme of the drops will move dows mone
rapidly, whereas olhens will everse their diroetion of motion simm in the
process of spruying some dmpa heenme positively chunzed avd athera
negatively churped, By concentrating on one drop which enn be controllad
by che ficld, aud manipulating tae aign of the eloctue feid o that thie
particulay drop is relained, it is pesaible to rewove all other drops from
the field. The lniling veloeity s reached very quickly and the measure-
ment stwud be stnrid near tha <op or bittow of ke plate. Measaremant
ghauld be completud before the drop hua renched o point in its travel wiers
application of e reverse potentiz] 18 insuficicol {0 seve the dmn fom
heing “wobbled up.”

The dersiby in aiv of the oil uesd waad 0883 £ 0.003 gm/nm’. Tt 32 de-
sirable 1o tule mensirements e the shortesh possivhe tme aincs, as pre-
viously wenlbivnesd, the mass of the drop chaoges througlh evapnration.

It 13 obviously degirable o make messueernenls on az many diferent
charges oo the game ne different deops us possible. Thus alter four or bre
meysuremends of &5 0 and ¢ have been Laken, the elargs an the drop
musl be changed; this is ascomplished by bringing vlnse to one of the
windows a radinactive aouma 10 to 100 wCi of Co™ will dat.§ The droplet
chould be brought. eloas tn the top plale sud alluwed to fall writh the el
off; v ile way down it will sweep up a fow iens created hy the source. This
vun e cherkerd hy nooseionally turéog the Geld on ta see if the charge
bews chanpsl; rarely will & drop pick up soy rhasgs when the field s on,

Tie Lattery voltage ahould be checked with a 1-paresnt resiztor divider
wod potentiometer; mirrseope ealibratior should be checkod before sod

§ oo st the Tl leogth of the miercecope muee oot Ge hanged, bun instend the
slicke stiald L broaght into she facal plane.

1 Llie uwy be fouad hy a simple meisiremend,

§Ci - v,
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aftor the mensurements; the same holds trie for air temperature and pres-
gure, whivh are needed for a correetion to Stokee” Jaw,

Indued, when the digmeter of Uwe dvep is compurable 1o the mean free
puth in sir, the visensity p o Ty, 2.2} sheuld be veplueed by

R b T
pi 10— nul T,“‘_l + G—FT (2.6)

where 5:(T) ie the viscority of air as & function of T (Fig. 13),
b= 6.17 X 1074, P is the air pressure in centimetens of meceury, and o &
the sauline of the drop in cenéimelers {of the order of 10 30w}, In analyzing
the data it is conveniont to enlenfabe o, by letting v = 4{T) in Kq. 2.5;
e 12 then inserted in We. 2.6 lo obtain »( 7'} and Lhus & more accuraic
value for a.
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Tame 1.1
DaTa on MuLgany (hn Dror Exrewisesy
it [ Lo (L) -0 (=0 s () —_(UL)
n
Deop - 279 4B.Gv - 583 —0.142 +0 LA 1 —0.148
1 -8 4+1.36 1.8 —0.%13 +Hh.7T0 & —=0.138
—-28.2 4366 —9.0 —0.,200 +0.308 2 —0.152
-29.3 40.7% -0.716 -1.362 +1.388 9 ~0.152
—20.4 424 —1.97 —0.474 +0.480 3 —0.155
1/t = —0.1630 0.1585
aw=4 41 X 10 Fom ¥ = 1.64 X 107%
Irap —24.22 440 -3.071 —0.250 +0.261 2 -0.144
2 —25.75 =4¢.Y3 —-6.66 —0,137 +0.143 1 —=0.140
—-25.4 25 —2.12 -0.432 (1. 430 2 —0.145
—25.22 - 5.67 —5.42 - {146 .143 1 —0.144
—25.22 4.1 -3.07 <288 +4).288 2 —0.143
-24.4 F1.73 =173 ~0. 58 +0.818 4 —0. 4
-2 .4 4005 —-8.02 «0,126 +0.141 I —0.153
1/t = — .04 0.1433

a = 006 X 107 am

n = 1.59 X 10

Drop 1
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Fra, 1.4 Plot of 1/t uod 1 /6. verwun n whene 7 i8 a0 integer.
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