Millikan’s Oil Drop Experiment

Millikan performed an experiment from which he was able to determine the

elementary charge of an electron
o Recall, a negative charge is due to an excess of electrons and a positive

charge is due to a shortage of electrons.

In his experiment, he blew oil
drops between horizontal parallel
plates

When no voltage was applied
between the parallel plates, the
oil drops would fall to the bottom
plate due to the force of gravity
(Fq). Force of gravity is now
considerable because an oil drop
is not an atomic particle and the
mass of the oil drop is significant.

When a voltage was supplied to
the plates, some of the oil

Qil sprayed in fine droplets
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particles would rise to the top, some would remain suspended, and some
particles would fall faster or slower to the bottom. All of these situations can be
explained by the gravitational and electrical forces acting on the oil drop.

When solving Millikan type problems, always start with a free body diagram and

a Fnet equation

ool d rogs

acceleration), the gravi’tmmrce and the electric force acting on the oll

drop are equal (ie. Fnet = 0.
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o When the oil drop is accelerating (up or down), there is a Fnet acting on the

oil drop
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e Using this theory, Millikan was able to calculate the charge on thousands of
different oil drops
% e In all of Millikan’s trails, he found that the charges on all oil droplets were a

multiple of 1.60x10"° C. So he concluded that the charge on an elementary
particle is 1.60x10™"° C.

EXAMPLES:

1. A 2.10x105 kg oil drop is placed in an electric field of 4.45x10° N/C acting
downwards. If the oil drop has a positive charge of 1.92x107® C. What is the
acceleration experienced by the oil drop in the electric field?

A L - ot i

. ®, | ot = e+ Ty

% "l’l«’ 2 ¥ Mo = Eg s me,
= 2705/0 kg A=Eq e PP
E - 4.usx/05n/ "
g = 19230 ¢ G = (445x05m I ()92 %/07'8C) +cz.zox/o"‘;3>c9'9'”51)
o~ Calo%D " ey )

oz 8599407 N 4 2060 /0 “"“’vq = WL kiR
2.10 x(- (S

E”ﬁ L‘”?mbs?) Qme‘\

———————




/m?f"v«i; =0 - gﬂg”g‘a

red - e
o

L NS

parallel charged plates that are placed 5.00cm apart If the potential difference
between these plates is 3.00x10%V, how many excess electrons does the oil drop

carry?
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***Now try pg. 119 # 1c-f, 2, 3, 11 (acceptable), 5-8, 12, 15, 16 (intermediate),
13, 14 (excellence)*™*



Use the following information to answer the next question.

In a modified Millikan apparatus, a small, charged object that has a mass of 3.8x10"°kg
is SEEQgpdgd by the electric field that is between charged parallel plates. The table
\({e-IBW shows how the balancing voltage depends on the distance between the plates.
Fek =0, OJN Plate separation@mﬁﬂ Balancing voltage (1 0°v) wekch!
= ik il 1.39
200 1 2.21
24.0 hooe 162 2.78
- % B 3.11
35.1 422
2
a. Plot a graph of the data.
b. Use the slope of the graph to determine the magnitude of the charge on the
suspended mass.
c. Determine the balancing voltage required when the plates are separated by 50.0mm.
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**Now try pg. 122 # 9***
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