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What Do You Think?
It’s easy to share a box of popcorn with a
friend at the movies. It’s a bit tougher to share
a slice of pizza equally, but it can be done with
a knife.

• Can you think of something that cannot be shared?
Describe something that cannot be broken into two
parts.

Record your ideas about this question in your Active
Physics log. Be prepared to discuss your responses with
your small group and your class.

For You To Do
1.Your teacher will provide you with a set of

film canisters or other containers that
contain pennies. Do not open the containers.

Your goal is to determine the mass of a single penny.
You can find the mass of an empty container with a
balance. You can also find the mass of each container,
including the pennies, using a balance.
a) Explain how you can find the mass of one penny

using the measurements you are permitted to make.
It’s very possible that no container has only one
penny. Write down your strategy.

Activity 2 Tiny and Indivisible

GOALS
In this activity you will:

• Determine the number of
hidden pennies in a
container.

• Explain why the masses 
of containers with pennies
can only take on certain
values.

• Describe the Millikan 
oil-drop experiment.

• Explain what we mean
when we say that electric
charge is quantized.
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2. Assume that each container has a mass of 5 g and each
penny has a mass of 2 g.

a) Make a list of possible masses of containers that have 
1 penny, 2 pennies, 5 pennies, etc. Do this for at least 
ten containers.

b) Given only the masses of the ten containers that you
calculated in (a), describe how you can find the mass of a
single penny.

3. The container does not have a mass of 5 g, and each penny
does not have a mass of 2 g. Using the balance and the
containers of pennies, determine the mass of a single penny.

a) Record the mass of a single penny.
b) Compare your value of the mass of a penny with that of

another group. How does your confidence in the value
change as you compare your value with more and more
groups? This is how the sharing and comparing of results
of different teams of scientists make scientific progress.

4. Suppose you obtain a new set of containers with nickels
in them. Assume that each container is 5 g and each
nickel is 5 g.

a) What are some possible masses you would expect 
for four of the containers?

b) A lab group stated that they measured
the mass of a container of nickels and
it was 23 g. Your lab group thinks that
they must have made an error. Explain
to the first group in writing why you
think that there is a problem.

c) When your lab group
measured the mass of the
container, you also found it 
to be 23 g. You now have 
a problem—a mystery—
a puzzle. It is this kind of
puzzle that challenges and intrigues physicists. How could
this be? It would be great to open up the container, but
this may not be possible. Can you solve the puzzle?
Suggest at least three different solutions to this puzzle.
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FOR YOU TO READ

In 1910, Robert A. Millikan completed
an experiment very similar to the

activity you just completed. He did not measure
containers of pennies.
He measured the
forces on charged oil
drops.This allowed him
to calculate the charge
on each drop. He
made thousands of
measurements. He
always found that the
oil drop had 
1 charge, 2 charges, 5
charges, 23 charges,
and other whole
numbers of charges.
He never found 3.5 charges or 4.7 charges or
11.2 charges.The Millikan oil-drop experiment
shows that you never seem to have a piece of a
charge.The experiment has been conducted
many times. Nobody has found fractional
charges. Millikan concluded from his oil-drop
experiment that there is a basic unit of charge.

J.J.Thomson had “discovered” the electron, a
tiny negatively charged particle, about ten years
before Millikan’s experiment. He did this by
analyzing electron beams in a tube very similar
to the tube where electrons travel in your
television. It is these electrons that hit the
screen and make the TV images.

Your penny lab was easy compared to Millikan’s
oil-drop experiment.The oil drops are so small
that in Millikan’s experiment he had to view
them through a microscope.To find their mass
required some ingenuity as well. Millikan
sprayed the oil droplets between a positively
charged plate and a negatively charged plate. If

the oil drop had a negative charge, it would be
repelled from the negative plate and attracted
to the positive plate. If the positive plate were
on top, the electric force would be pulling the
drop up, while gravity would be pulling the drop
down. If the two forces were equal, the drop
would come to rest and remain suspended (or
travel at a slow constant speed). By comparing
the electrical force and the gravitational force,
the charge on the oil drop (i.e., the charge of
the electrons) could be found. Millikan won the
Nobel Prize for this experiment.

The diagram shows the oil drop, the electrical
plates, and the battery voltage that provides
the charge on the plates.

The weight of the oil drop (mg) can be found
by observing the oil drop as it falls because of
air resistance.You can calculate the electrical
force from the voltage, charge, and distance
between the plates.You can calculate the
gravitational force from the mass and the
acceleration due to gravity. Using these
equations, you can find the charge on the oil
drops.The voltage of the power supply and the
distance between the plates can be measured:
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Robert A. Millikan 
taken in 1923 at age 55
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Reflecting on the Activity and the Challenge
Electrons are part of the atom. In your museum exhibit, you will
have to include the charge on an electron. You may also find a
way to include how the Millikan oil-drop experiment helped
scientists find out about the charge and its indivisibility. You
may choose to make a part of the exhibit deal with electrons
and electric charge interesting by making it interactive.

Physics To Go
1. Two students are playing tug-of-war with a rope. How is this

game similar to the two forces in the Millikan oil-drop
experiment?

2. Describe how you could make Millikan’s oil-drop experiment
into an exciting interactive display.

3. A donut can be split into two pieces. Does the Millikan
experiment prohibit the electric charge from being split into
two pieces?

4. Assume that a container has a mass of 10 g and each penny
has a mass of 3 g.

a) Make a list of possible masses of five containers that have
1 penny, 2 pennies, 5 pennies, 10 pennies, and 12 pennies.

b) List two masses you would not find for a container with
pennies.

5. What is the net static electric charge on a metal sphere
having an excess of +3 elementary charges (electrons)?

6. How many coulombs are equivalent to the charge of 
100 electrons?

From Millikan’s and many additional
experiments, the charge on an electron is
determined to be 1.6 � 10–19 C (coulombs).
You could expect to see twice this charge,
three times this charge, nine times this charge,
and any other whole multiple of this charge. If
you never see a fractional part of this charge,
you assume that charge is indivisible.

Current theories of physics state that a 
�
1
3

� charge and a �
2
3

� charge can exist.There is
evidence for these fractional charges and the
quarks (the tiniest components from which
matter is made) associated with them.The
Millikan oil-drop results led to the conclusion
that quarks always join up to make a total
charge of +1 or –1.

Physics Word
electron: a negatively
charged particle with a
charge of 1.6 x 10-19

coulombs and a mass of
9.1 x 10-31 kg.
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7. Which electric charge is possible?

a) 6.32 � 10–18 C b) 3.2 � 10–19 C
c) 8.0 � 10–20 C d) 2.4 � 10–19 C

8. An oil drop has a charge of –4.8 � 10–19 C. How many
excess electrons does the oil drop have?

9. J.J. Thomson, the discoverer of the electron, tried to describe
the enormity of the discovery of this tiny particle: “Could
anything at first sight seem more impractical than a body
which is so small that its mass is an insignificant fraction of
the mass of an atom of hydrogen, which itself is so small that
a crowd of these atoms equal in number to the population of
the whole world would be too small to have been detected by
any means then known to science?” Create a quote of your
own that captures the excitement of the discovery of the
electron. Perhaps the quote could be displayed near the
entrance to your proposed museum exhibit.

10. Quarks have charges + �
1
3�, – �

1
3�, + �

2
3�, – �

2
3�.

a) Show how three quarks can combine to create a particle
with a total charge of +1.

b) Show how three quarks can combine to create a particle
with a total charge of 0.

c) Show how three quarks can combine to create a particle
with a total charge of –1.

Stretching Exercise
The Millikan oil-drop experiment can be completed in a high
school lab. It does require the use of a microscope and
incredible patience to view the drops. Design a computer
simulation or game that works like the Millikan oil-drop
experiment. The simulation should have these features:

• The screen should look like the apparatus with a variable
power supply and oil drops between the plates.

• The drop should be able to get a new charge.
• The drop should be able to move.
• The voltage should be able to be varied so that the net

force on the drop is zero and the drop travels at constant
velocity or is at rest.

• The velocity of the drop should be able to be measured to
determine if it is traveling at a constant velocity.

• New drops should be able to be inserted between the plates.
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