
EXPERIMENT 45
Driving Force and Terminal
Velocity

To qnswer the quesi ion " ls there o smql lest
uni i  of  electr ic chorge?" we must be oble
to work wifh ond meosure extremely smol l
chorges. We detect electr ic chorges through
the electr ic forces exerted on chorged bodies.
To detect very smol l  chorges, therefore, we
must be oble to hondle very smol l  forces.  The
weight ond other forces oct ing on bodies of
ordinory s ize qre so lorge thot electr ic forces
ore insigni f icqnt unless the chorge is greot;
therefore, very smol l  obiects qre essent iql .
Usef ul  obiects for  th is purPose ore the smol l
p lost ic spheres mode for col ibrol ing electron
microscopes. Figure 45.1 shows q few of them.
The spheres ore rqrely neutrol ;  most of ihem
cqrry o smol l  e lectr ic chorge. We shol l  qt-

tempt to meosure the chorge by meosur ing
the electr ic forces oct ing on ihem.

The opporqtus is shown in Fig.  45.2.  The

FTGURE 45.1 An electron-microscope photograph of a few

latex spheres of diameter 1.8 microns. Those used in the
experiment are a little smaller.

only cr i t icol  odiustment involves posi f ioning
the l ight  source so thqt the imoge of  the bulb
f i foment is formed r ight  ot  the center of  the 75
plotes.  To odiust  the l ight  source, you cqn
hold q piece of poper vert icol ly over the
center of the plotes, t i l t  the l ight source so
thqt i t  shines on the pqper,  ond sl ide the
l ight-source tube bock ond forth unt i l  o c leor
imoge is formed on the poper.  The f i loment
of  the l ight  source should be vert icol .

PIug the wires f rom the plotes into the
connectors.  CAUTION: The vol ioge is donger-
ously high; do not turn on the power supply
unt i l  you hove f in ished moking the con-
nect ions.

The switch controls the chorge on the
plotes. ln the center posi t ion there is no
chorge; with the switch up, one plote is posi-
l ive, the oiher negot ive; ond with the switch
down, the polor i t ies ore reversed.

With the l ight  turned on, squeeze fhe bulb
to br ing in o c loud of  spheres,  leoving the
switch centered. Whot do the spheres do?
(Noie thot everything oppeors inverted when
you look through the microscope.) Are they
ol l  moving in the some direct ion? Are they
occeleroi ing os they move ocross the f ie ld?

FIGURE 45.2 The jar contains a suspension of the spheres in
water. When you squeeze the bulb, a fine spray of water
with many spheres is blown into the region between the
plates. The water rapidly evaporates, leaving a cloud of
spheres visible through the microscope as bright points.



ments or clumps of spheres; look for those
which move slowly in free fol l .

Plot the doto for ony one sPhere on o
groph l ike thot in Fig. 45.4. How does ihe
velocity V+, observed when the driving force
is Fg * F", compore with the velocity when
grovi ty qlone is the dr iv ing force? How does
the veloci ty V-,  observed when the dr iv ing
force is F"- Fu for the some sphere, compore
with the veloci ty when grovi ty olone is the
driv ing force? Whot is the shope of the groph
of veloci ty os q funct ion of dr iv ing force for
one sphere? Whot is the shope of the groph
of velocity versus force for your other spheres?
Whot con you conclude obout the relot ion
between velocity ond driving force?

Veloci ty
(spo ces,/second)

Force in Arbitrory Units
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FIGURE 45.4



Select o sphere ond meosure i fs speed in two
ports of the f ie ld of v iew. Whot forces ore

76 oct ing on i t?

How does chorging fhe plotes offect the
moi ion of  the spheres? Whot hoppens when
you reverse the direct ion of the electr ic f ie ld?
Meqsure ogoin the veloci ty of o sphere in two
poris of the f ie ld of v iew to see whether i t  is
occelerot ing when on electr ic force is being
oppl ied.  An explonqf ion for  the observed
moi ion is thot  the oir  resis lonce on these t iny
spheres increqses ropidly ond they very soon
move ot q consfqnt terminol veloci ty with the
force of  o i r  resistqnce equol  ond opposi te
to the dr iv ing force (which moy be grovi iy
olone or grovi ty plus on electr ic force).  ln
this experiment we wish to f ind the relqt ion
between the terminql veloci ty ond the force
dr iv ing the sphere.

You wi l l  need three meosuremenls on eoch
of qbout o dozen spheres.  A set for  one
sphere consists of :  o veloci ty in f ree-fol l
under grovi iy qlone with no chorge on plotes;
o veloci iy V+ where the electr icql  force is
in the some direct ion qs the grovi tot ionol
force qnd the mognitudes of  the forces qdd
(Fg * F") ;  qnd q veloci ty V- where the elec-
tr icol  force is opposi fe to the grovi tot ionol
force (F* -  F") .  The diogrqm of Fig.  45.3
shows the forces involved.

For eqch sphere you wi l l  therefore hqve
three veloci t ies:  one for which the dr iv ing
force is grovi ty olone; one, V+, wi th on elec-
tr ic force odded; ond one, V-,  wi th the some
electr ic force subtrqcted.

Meqsure the veloci t ies by t iming the mo-
t ion over,  sqy,  ten spqces. Try to ovoid f rog-

(Fs - F.)

Free Fol l (  Fs + Fe)
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FIGURE 45.3



EXPERIMENT 46
78 The Mill ikan Experiment

In the previous experiment we esiobl ished
thot the terminql  veloci ty of  the smol l  p lost ic
spheres is direci ly proport ior iol  to the dr iv ing
force oct ing on them. We shol l  now use this
result  to invest igote whether the di f ferent
chorges oppeor ing on di f terenf spheres ore
mult ip les of  o uni t  chorge. l f  we ore coref  u l ,
we ccrn choose spheres of the some moss ond
thus ensure thot the force of grovi ty is the
some on eoch. Furthermore, s ince we keep
ihe chorge on the plotes constont,  the electr ic
forces wi l l  be proport ionol  to the chorges on
the spheres, ond the di f terences in observed
veloci ty wi l l  be proport ionol to di f ferences in
chorge on the spheres.

Set up the opporqtus os in the previous
exper iment.  CAUTION: Do not forget thot  the
vol toge on ihe plotes is dongerous. Squeeze
the bulb to br ing in o botch of  spheres;  then
throw the switch to chorge the plotes ond
sweep out the fosi-moving spheres thot hove
lorge chorges.

With the switch you cqn get two combino-
t ions of forces: ei ther Fe + Fe (electr ic force
in the sqme direct ion qs grovi ty) or F* -  F"
(electr ic force in the direct ion opposi ie to
grovi ty) .  For eoch of  ot  leost  l2 lo 15 spheres
meosure the veloci ty of the V+ run (Fe + Fe)
qnd the V- run (F* -  F").

l f  you were sure thot ol l  test obiects were
the some, you could onolyze your resul ts by
moking o bor groph of  the speeds qt  o de-
f ini te sett ing of the switch qnd looking for

evidence thot certoin speeds qre fqvored.
But you hove seen thot mony obiects in the
f ie ld of  v iew fol l  extremely s lowly or very
fost ,  ond in Fig.  45.1 (previous exper iment)
two spheres qre shown clu mped together.
There is l i t t le doubt,  therefore,  thot  f rogments
ond clumps qre common, ond we cqnnot be
sure lhqt  o l l  the spheres ore of  ihe some size.

By concel ing out the ef fect  of  grovi ty we
con minimize errors resul t ing f  rom moss di f ter-
ences. We know thot ihe terminol  veloci ty is
proport ionol  to the force. For eqch sphere
you hove o veloci ty V+ proport ionql  to Fs+ Fe
ond q second veloci ty V- proport ionol  to
F" -  F".  l f  you subtroct  V- f rom V+, to whot
force is ihe resul t ing veloci ty proport ionol?
Could you use these di f ferences of  veloci ty
os o good meqsure of  the chorge?

You know thot the terminol  veloci iy of  o
f lot  sheet of  poper is not the some os thof of
o sheet crumpled into o bql l .  l f  you ore ob-
serving o f rogmenf or o c lump, does i ts veloc-
i ty depend upon i ts s ize qnd shope?

How does this qf fect  ihe vol id i ty of  your
V+ -V- doiq os meosures of  e lectr ic chorge?

This di f t icul ty con be el iminoted by using
only t rue spheres,  o l l  of  the sqme moss. l f  you
odd the veloci t ies V+ ond V-,  lo whot force
is the sum proport ionol? How cqn you use this
resul t  to select  q set  of  ident icol  spheres?

There qre vor ious woys in which you could
onolyze these dqiq to look for  evidence of
the discreteness of  e lectr ic chorge. One
simpf e woy is to plot  V+ -V-,  equol ly spoced
olong the hor izontol  oxis,  in increqsing order
on q bqr groph. Whot evidence do you see
for the existence of  o noturql  uni t  of  chorge?
Whot is the smql lest  number of  chorges you
meosured?


