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GOALS
In this activity you will:

• Charge a ball with a
positive charge.

• Charge a ball with a
negative charge.

• Observe that like charges
repel and unlike charges
attract.

• Calculate the electrical
force using Coulomb’s Law.

• Apply the organizing
principle of conservation of
charge.

• Recognize the similarities
and differences between
Coulomb’s Law and
Newton’s Law of
Gravitation.

• Explain how Coulomb was
able to measure Coulomb’s
constant using a torsion
balance.

What Do You Think?
“Everyone” has heard of atoms, but no one has
ever seen an atom. Look at the sketch below of
an atom that you often see in advertisements
and some science books.

• How would you describe what is shown in the sketch of
an atom? 

• Are there any problems with this depiction of the
atom? Explain your answer.

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

Activity 1 Static Electricity and Coulomb’s Law
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For You To Do
1. Have you ever seen a tremendous lightning storm? Bolts 

of lightning ignite the sky as they streak toward the Earth.
A tiny “lightning storm” also takes place when you get an
electric shock. Think back to the last time you got a shock.

a) Were you inside or outside? 
b) Was it winter or summer? 
c) What did you touch to get the shock? 
d) Include in your Active Physics log any additional details.

2. The study of lightning, shocks, and “static cling” can reveal
important physics. Cut two strips of Scotch® Magic™ tape
about 12 cm long. Bend one end of each strip under to form
a tab. Place one strip sticky side down on a table and label
the tab B, for “bottom.” Place the other strip sticky side
down on top of the first strip and label the tab T, for “top.”
With one hand, peel off the top strip using the tab. Then
pick up the bottom strip with the other hand. Hold both
strips apart, allowing them to hang down. Slowly bring the
hanging strips toward each other, but do not let them touch.

a) Record your observations.
b) If the strips accelerated (moved) toward or away from each

other, Newton’s Second Law tells you that there must be a
force. (Newton’s First Law tells you that an object at rest
will tend to stay at rest. Newton’s Second Law says that if
an object accelerates, it’s being acted on by a force.) Was
there a force present?

c) If a force was present, was it attractive or repulsive? Explain.

3. Make a second set of strips as in Step 2.

a) Predict what you think will happen if the two top strips
are picked up, one from each set, and brought toward each
other. Record your prediction in your Active Physics log.

Pick up the two top strips by the tabs, allowing both strips to
hang down. Slowly bring them toward each other.

b) Record your observations.
c) Was the force attractive or repulsive? Explain.
d) Predict what you think will happen if the two bottom

strips of tape are picked up and brought toward each
other. Record your prediction.
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Pick up the two bottom strips by the tabs, allowing both
strips to hang down. Slowly bring these toward each other.

e) Record your observations.
f) Was the force attractive or repulsive? Explain.

4. Charge up a rubber rod by vigorously rubbing it with a piece
of wool. Use lots of friction to get the rubber rod charged up.
Touch the rod to a small Styrofoam® ball coated with a
conducting paint. Observe the interaction of the rod and the
ball.

a) In your Active Physics log describe the interaction you
observe.

5. Charge up a glass rod by rubbing it with a piece of silk.
Bring it toward the charged ball but try not to let them
touch. Observe the interaction of the glass rod and the ball.

a) In your Active Physics log describe the interaction you
observe.

6. Assume that the rubber rod gained electrons (negative
charges) and became negatively charged when rubbed with
the wool.

a) What do you think could have happened to some of the
excess electrons on the rubber rod when it touched the
Styrofoam ball? Use your observations to justify your
answer.

b) If the rubber rod got the excess electrons from the wool,
what would be the wool’s charge? 

c) Explain how you could check to see if your answer to 
(b) is correct.

7. Assume that the glass rod transferred some electrons to the
silk.

a) What would be the charge of the glass rod? Use your
observations to justify your answer.

b) If the silk gained electrons, what would be the silk’s
charge? 

c) Explain how you could verify your answer to (b).

8. Get rid of any excess electrons on the Styrofoam ball by
touching it. (This is made more effective if you moisten your
finger. The slight moisture helps remove the charge.)
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Removing electrons to make an object neutral is called
grounding. Adding electrons to make an object neutral is also
called grounding. The “ground” is able to supply or remove
electrons to make an object neutral. In this situation you are
connected to the “ground.”

9. Negatively charge the rubber rod. Bring it close to the
neutral Styrofoam ball, but do not touch the rod to the ball.

a) Describe your observations.
b) Like charges repel, and unlike charges attract. How would

you explain the interaction between the charged rubber
rod and the uncharged ball? (Hint: The electrons in the
ball are able to move about the ball so that some are able
to move closer to the rubber rod or further from the
rubber rod.) Use a diagram to help you explain your
observations.

FOR YOU TO READ

Coulomb’s Law

In physics, scientists often search for
an equation that can provide a clearer, more
precise description of what they observe.
Charles Augustin de Coulomb experimentally
determined the equation for electric forces in
1784.

F = �
kq

d
1
2

q2
�

where F is the force in newtons (N),

q1 and q2 are charges in coulombs (C),

d is the distance between the centers of 
the charges in meters (m), and

k is Coulomb’s constant, always equal to 
9 � 109 Nm2/C2.

Sample Problem

Two small charged spheres are placed 
0.2 m apart.The first sphere has a charge of 

+3.0 � 10–6 C and the second sphere has a
charge of –4.0 � 10–6 C. Calculate the force
between them.

Strategy: You can use the equation for electric
forces to calculate the force between the
spheres.

Givens:
q1 = +3.0 � 10–6 C
q2 = – 4.0 � 10–6 C
d = 0.2 m

Solution:

F = �kq
d
1
2
q2�

F = 
(9 � 109 Nm2/C2)(+3.0 � 10–6 C)(–4.0 � 10–6 C)

0.2 m2

F = –2.7 N

The negative sign indicates that the force is
attractive.

➔

Physics Words
Coulomb’s Law: the
relationship among
electrical force, charges,
and the distance 
between the charges.
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Static Charges and Forces

In this activity, you noticed that a force was
present between the pieces of tape. It’s an
invisible force.You couldn’t see the force, but
you saw evidence that it was there because it
moved the tape. It’s tough to believe in invisible
things, but since this force had (and
consistently does have) visible and measurable
effects, it would be tougher not to believe in it.

You also observed that the force could be
attractive or repulsive. One explanation might
be that there are two types of charges and that
the interaction of the charges creates a force. If
the two pieces of tape have the same charges,
the force is repulsive. If the two pieces of tape
have the opposite charges, the force is
attractive.An alternative explanation is that
there is one type of charge. If the two pieces
of tape have an excess amount of charge, there
is repulsion. If the two pieces of tape have a
deficiency of charge (they’ve each lost some
charge), there is repulsion. If one piece of tape
has a deficiency and the other piece of tape
has an excess of the charge, there is attraction.

You then found evidence for forces that you
could attribute to excess charges.The rubber
rod removed excess charges from the wool.
These excess (negative) charges were shared
with the Styrofoam ball.The rod and the ball
now had the same charge and you observed a
force of repulsion that pushed the ball and rod
apart from each other.When the glass rod,
which had a deficiency of (negative) charges,
was placed near the (negatively) charged ball,
there was a force of attraction.

In the 1700s Benjamin Franklin performed
experiments similar to those you did in this
activity. He defined which charge would be

called positive and which would be called
negative.A rubber rod rubbed in wool gains a
negative charge.A glass rod rubbed in silk
becomes positively charged.The glass rod did
not gain positive charges but became positive
by losing negative charges. Before Benjamin
Franklin, investigators supposed that, since
there was both attraction and repulsion, there
were two kinds of electricity.

Conservation of Charge

A rubber rod gains electrons, while a piece of
wool loses electrons.A glass rod loses
electrons, while a piece of silk gains electrons.
These situations are good examples of one of
the major organizing principles of physics—the
conservation of charge. In any system, the total
amount of charge must remain constant. If
negative charge is removed from the wool, that
negative charge must go somewhere. For
example, if 15 bits of negative charge are
removed from the wool, then 15 bits of
negative charge are transferred to the rubber
rod.There are only a few quantities discovered
that nature conserves—charge is one of them.
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➔

Perhaps without being aware of it, you used the
concept of conservation of charge in your
analysis of what you observed.

A few simple problems illustrate this
conservation law.When two identical spheres
touch, they will end up with identical charges.
(If they did not end up with identical charges,
then there would be a way to distinguish them.
They would not be identical.) One sphere with a
charge of –10, touches a neutral, identical sphere.
After touching and separating, each sphere has a
charge of – 5.The charge was transferred, but
the total charge remained the same.

Keep in mind that neutral matter already
contains enormous amounts of pluses and
minuses, but in equal amounts.Thus the
“excess” and “deficiency” are  relative to a
baseline of starting out neutral.

Coulomb’s Law and Newton’s Law of
Gravitational Attraction

You found you could actually calculate the
force of attraction or repulsion of charges by
using Coulomb’s Law:

F = �
kq

d
1
2

q2
�

Here’s an incredible part of physics that you
did not examine in this activity. Coulomb’s Law
for electrostatic attraction and repulsion is
very similar to Newton’s Law of
Gravitational Attraction!

F = �
Gm

d
1
2

m2
�

where F is the force in newtons (N),

m1 and m2 are masses in kilograms (kg),

d is the distance between the centers 
of the masses in meters (m), and 

G is the gravitational constant, always 
equal to 6.67 � 10–11 Nm2/kg2.

Look at the similarities:
• Both laws show forces that decrease with the

square of the distance.
• Both laws show forces that depend on the

product of the masses or charges.
• Both laws have constants.

Look at the differences:
• Electric forces are attractive and repulsive;

gravitational forces are only attractive.
• Charges come in two varieties, + and –. Mass

comes in one variety, +.
• The electric force constant is quite large,

while the gravitational force constant is quite
small.

If you look at the gravitational and electrical
forces between two electrons, the gravitational
force is much, much smaller. It is so small, you
don’t even take it into account when describing
the behavior of the charges.

The experimental techniques to find the value
of k and G are quite similar. In Coulomb’s
experiment, two spheres were attached to the
ends of a rod and the rod was suspended by a
wire.These spheres were charged, and similarly
charged spheres were brought near the ends of
the rods.The repulsive force caused the wire
to twist.The twist was a measure of the force,
and Coulomb was able to verify his law.
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Reflecting on the Activity and the Challenge
You probably know that atoms are composed of electrons and
other particles. These particles have charges. You will need to
provide a description of the interaction between the charges
when you provide a description of the atom. You may find a
way to include in your exhibit the larger concepts of
conservation of charge or the ability to actually calculate these
forces of attraction and repulsion.

Physics To Go
1. Electrons are transferred from a rod to a piece of material.

a) Which object will become negatively charged? 
b) Which object will become positively charged?

2. A rubber rod is negatively charged after being rubbed by
wool. Explain how this happens.

3. Two identical spheres are mounted on insulated stands. The
first sphere has a charge of –1. The second sphere has a
charge of – 3. After the spheres touch, what will the charge
on each be?

4. One of two identical metal spheres has a charge of +1 and

Cavendish’s experiment was similar, but the
attraction between the pairs of spheres was
due to their gravitational attraction.This tiny
force was measured by the twist in the wire.

This symmetry of what appears to be two
unrelated forces provides a glimpse into a
beauty of our world. Physicists remark on this
beauty. It drives them to try to find out if there
are other underlying understandings of the two
forces because of that symmetry.This is what
physicists are exploring when you hear about
their work on unified theories.

M

m

M

torsion fiber

m

Physics Words
Newton’s Law of
Gravitational Attraction:
the relationship among
gravitational force,
masses, and the distance
between the masses.
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the other sphere has a charge of – 5. Compare the total
charge on the spheres before and after contact.

5. Charge A is +2.0 � 10–6 C and charge B is +3 � 10–6 C. The
charges are 3 m apart. What is the force between them? Is it
attractive or repulsive?

6. Charge A is – 4.0 � 10–6 C and charge B is +2 � 10–6 C. The
charges are 5 m apart. What is the force between them? Is it
attractive or repulsive?

7. When the air is dry and you walk on a wool carpet with your
shoes, you may experience a shock when you touch a
doorknob. Explain what is happening in terms of electric
charge. (Hint: Your shoes are similar to the rubber rod.)

8. Compare and contrast Coulomb’s Law and Newton’s Law of
Gravitational Attraction. Provide at least one similarity and
one difference.

9. Coulomb’s Law states that the electric force between two
charged objects decreases as the square of the distance
increases. Suppose the original force between two objects is
60 N, and the distance between them is tripled; the new force
would be 32, or 9 times weaker. The new force would be 
60 N � 9 = 6.7 N or 7 N.

Find the new forces if the original distance was:

a) doubled
b) quadrupled
c) halved
d) quartered

10. Sketch a graph that shows how the electrostatic force
defined by Coulomb’s Law varies with the distance.

11. A single electron has a charge of 1.6 � 10–19 C. Show why it
takes 6.25 � 1018 electrons to equal 1 C.

12. How could you depict the invisible electrostatic force in a
museum exhibit?
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