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Activity 6 Inside the Nucleus

What Do You Think?
The alchemist’s dream has always been to turn
worthless lead into valuable gold.

• What is the difference between lead and gold?

• How can you distinguish one from the other?

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

GOALS
In this activity you will:

• Determine the number of
protons, electrons and
neutrons in a neutral atom
given the atomic number
and atomic mass.

• Calculate the Coulomb
force of repulsion between
protons in a nucleus.

• Recognize that the nuclear
force must be much
greater than the Coulomb
force.

• Draw Feynman diagrams
for the interaction
between charges.

Activity 6 Inside the Nucleus
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For You To Do
1. The nucleus has all the positive charge and almost all the

mass of the atom. Hydrogen is the simplest atom. Hydrogen
has one proton and one electron. The proton is the hydrogen
nucleus. The mass of a proton is 1.7 � 10–27 kg and the mass
of an electron is 9.1 � 10–31 kg.

a) Calculate the ratio of the proton mass to the electron
mass.

b) Does the value you calculated convince you that most of
the mass is in the nucleus? Explain your answer.

2. Carbon is more complicated than hydrogen. Carbon has a
mass of 12, but has only 6 electrons surrounding the nucleus.
One possibility is that there are 12 protons and 6 electrons
within the nucleus and 6 electrons orbiting the nucleus.

a) Show how this would account for a mass of 12.
b) Show how this would account for the atom having a net

charge of zero.

3. The neutron has a mass almost identical to the proton, but
has no electrical charge. It was determined that the carbon
atom has 6 electrons, 6 protons, and 6 neutrons.

a) Show how this would account for a mass of 12.
b) Show how this would account for the atom having a net

charge of zero.

4. The neutral atom of chlorine has 17 electrons and 17 protons.
It can be written in the notation 35

17CL where the lower
number corresponds to the atomic number and/or the
number of protons in the nucleus and/or the number of
electrons surrounding the nucleus. The upper number
corresponds to the atomic mass and/or the sum of the
number of protons and neutrons.
a) Calculate how many neutrons are found in the nucleus of 

CL.

b) Determine the number of protons, electrons, and neutrons 
in gold: Au.

c) Determine the number of protons, electrons, and neutrons 
in potassium: K.39

19

197
79

35
17
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5. Protons repel other protons. The force can be calculated
using Coulomb’s Law:

F = �
kq

d
1
2

q2
�

a) Calculate the force between two protons in the nucleus.
The charge on each proton is 1.6 � 10–19 C. The distance
between them on the average is the size of the nucleus 
1.0 � 10–15 m. Coulomb’s constant k equals 
9 � 109 Nm2/C2.

b) Calculate the acceleration of a proton from that force
using Newton’s Second Law F = ma. The mass of a proton
is 1.7 � 10–27 kg.

6. This strong repulsive force should push the protons apart.
There must be a force holding the nucleus together. This
nuclear force is also called the “strong force.” It has the
following properties:

• strong at short distances (the size of the nucleus 10–15 m)
• weak at long distances (greater than 10–15 m)
• attraction of protons to protons, neutrons to neutrons, and

protons to neutrons
• no effect on electrons

a) Why is it important that the force is strong at short
distances and weak at long distances?

b) Draw a graph of the strong nuclear force versus the
distance between protons. Note the size of the nucleus on
the x-axis of your graph.

7. Neutrons and protons belong to a family of particles called
“baryons.” Baryons can “feel” the strong nuclear force.
Electrons belong to a family called leptons. Leptons do not
“feel” the strong nuclear force.

a) List the combination of particles between which the
nuclear force can exist.

b) The Coulomb force is only between proton and proton in
the nucleus. Why do you think that there is no Coulomb
force between neutrons?
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8. By what means do forces such as gravitational and
Coulomb force act at a distance?

a) You hold out your hand and drop a penny. How does the
penny “know” which way is down? How is the
gravitational force between the penny and the Earth
communicated? Write down your thoughts on this
profound question.

b) You charge up a rod and attract a small Styrofoam ball.
How does the ball know the directions to move? How is
this electrostatic force different than the gravitational
force? Write down your thoughts.

9. Forces act through an exchange of “virtual particles.” This
can be shown in a Feynman diagram of the repulsion of two
electrons.

Time is on the y-axis. Electron A is at first moving to the
right as time progresses. Electron B at first is moving to the
left. Electron A emits a virtual particle of light (a photon)
and recoils to the left. Some time later, electron B absorbs
the virtual photon of light and recoils to the right. The
effect is that the electrons have repelled each other.

a) Draw a Feynman diagram of an electron at rest.
b) Draw a Feynman diagram of a proton and proton repelling.
c) Draw a Feynman diagram of the attraction between a

proton and an electron.

10. The nuclear force is due to the exchange of virtual particles
called “mesons.” The protons and neutrons exchange
mesons; the protons and protons exchange mesons; the
neutrons and neutrons exchange mesons.

The diagram looks very similar to the exchange of virtual
photons in the repulsion of two electrons. In this case there is
the attraction of two protons. The pion is a type of meson.
There are pions with a positive (+) charge, a negative (–)
charge, and no (0) charge. It is the exchange that is most
important in the diagram, not the direction of motion of the
particles. The attractive strong nuclear force depicted here is
mediated with a virtual pion and is shown with a straight line.

a) Draw the Feynman diagram for the attractive strong
nuclear force between two neutrons.

b) Draw the Feynman diagram for the attractive strong
nuclear force between a proton and a neutron.

ti
m

e

position

electron B
electron A

photon

ti
m

e

position

proton B

proton A

pion
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11. In both of the previous Feynman diagrams, the mediating
particle was uncharged. The photon is always neutral. The
pion comes in three varieties – the neutral, the positive, and
the negative pions. The attractive strong nuclear force
between a proton and a neutron can also be mediated by a
positive pion as shown in the diagram to the right.

Notice that the proton emits a virtual positive pion. The
pion carries the positive charge and the proton becomes a
neutron. The neutron absorbs the virtual positive pion and
becomes a proton. The strong nuclear force is still
attractive. At every vertex of a Feynman diagram, the
charge must be conserved.

a) Draw a Feynman diagram where a neutron emits a pion
and becomes a proton. Note the charge of the pion on
your diagram.

ti
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position

neutron

neutron

proton

proton

positive
ion

FOR YOU TO READ

Holding the Nucleus Together

Rutherford’s scattering experiment
provided evidence for a dense nucleus at the
center of the gold atom. Early models of the
nucleus had included the proton. However,
when you examined a carbon atom you
realized that the proton alone could not
account for the mass of the nucleus. Rutherford
addressed this problem when he suggested that
another particle was present in the nucleus. He
proposed a particle with about the same mass
as the proton, but with no electric charge. He
named this particle the neutron. In 1932 James
Chadwick, a British physicist, actually discovered
the neutron.This discovery added a great deal
to the understanding of the nucleus of the
atom. However, the model of the nucleus still
posed a huge puzzle.

How can all of those protons and neutrons fit
into a small space? Protons repel protons.You

calculated this force
of repulsion in the
For You To Do
section.Also, you
calculated the
acceleration due to
this force.With these
kinds of forces and
corresponding
accelerations, you
would expect the
nucleus to explode.
There must be
another force
holding the nucleus
together.This force
must be very large. It

must also be limited to very small distances. If
the force were long-range, then all the nuclei
would clump together.The force must be
strong enough to hold all of the protons
together but short-range so that one nucleus

Sir James Chadwick, a British
physicist, was winner of the

Nobel Prize in 1935. His
discovery of the neutron led

eventually to the development
of the nuclear bomb.

➔

APS.SE.Ch09  9/1/04  7:45 AM  Page 591



Atoms on Display

592
Active Physics

does not affect the neighboring nucleus.There
is such a force holding the nucleus together. It
is called the nuclear force or the strong
force.The strong nuclear force exists between
neutrons and protons, protons and protons,
and neutrons and neutrons.These particles
belong to a family of particles called baryons.
Baryons can “feel” the strong nuclear force.
The Coulomb force is only between protons
and protons in the nucleus. Neutrons have no
charge and do not “feel” the Coulomb force.
Electrons belong to a family called leptons.
Leptons do not “feel” the strong nuclear force.

In physics, you have studied the effect of forces 
as explained by Newton’s Second Law (F = ma).
Net forces produce accelerations.You have
calculated the strength of forces such as the  

gravitational force F = �
Gm

d
1
2

m2
�,

weight F = mg,

and the Coulomb’s electrostatic force F = �
kq

d
1
2

q2
�.

In this activity, you were asked to consider by
what means these forces act at a distance.

When you push on something, where does the
force come from? Consider this question at
the atomic level.There are electrons in your
hand and there are electrons in the table.As
the electrons get close, there is repulsion.This
repulsion is the force you feel.This repulsion
moves the table forward.The electrons in your
hand are trying to get closer to the electrons
in the table and the table moves because of the
electrostatic repulsion as calculated by
Coulomb’s Law.The force can be huge because
there are so many electrons.

How does one electron know the other
electron is there? The 20th century
breakthrough answer is that forces act through
an exchange of “virtual particles.” The electrons
continuously exchange virtual photons of light so
that the repulsion continues.The virtual photons
of light are exchanged in a time too short to
observe directly.You drew a Feynman diagram to
illustrate this exchange.

You also drew Feynman diagrams to illustrate
the nuclear force. In this case, the virtual
particles that are exchanged are mesons.
Specifically, they are pions that can have positive,
negative, or no charge.The Feynman diagrams
you drew depicted the forces and their
exchange of particles.These diagrams can
provide even more information.They can be
used to calculate the strength of the forces.
Richard Feynman showed that equations and
calculations that at one time required days to
complete could be completed in minutes using
the diagrams he invented. Feynman was awarded
the Nobel Prize for these achievements.
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Reflecting on the Activity and the Challenge
The nucleus is a crowded place. It contains all of the protons
and neutrons of the atom. These protons and neutrons are held
together by the strong nuclear force. The force is short-range
and very attractive. The strong nuclear force overwhelms the
Coulomb repulsive force between protons. The force is mediated
by the exchange of charged and uncharged pions. Your museum
exhibit on the structure of the atom may focus on the nucleus
and its teeming micro-world of protons, neutrons and virtual
pions. Communicating the size of the nucleus and how it is held
together will be quite a creative challenge.

Physics To Go
1. In the following notation for a carbon nucleus C, what do

each of the numbers represent?

2. A proton is represented as p and a neutron is represented 

as n.

a) Why do they both have superscripts of 1?
b) Why do they have different subscripts?

3. Isotopes are elements that have identical atomic numbers
but different atomic masses. For the following sets of
isotopes, list the number of protons, neutrons, and electrons:

a) C, C, C6

b) Ca, Ca, Ca

c) U, U

4. Calculate the electrostatic force between two protons that
are separated by 6 � 10–14 m within the nucleus.

5. Calculate the electrostatic force between an electron and a
proton that are separated by 8 � 10–9 m in an atom.

6. Sketch a graph showing how the nuclear force between two
protons varies over distance.

7. Sketch a graph showing how the electrostatic force between
two protons varies over distance.
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Physics Words
proton: a subatomic particle
that is part of the structure of
the atomic nucleus; a proton is
positively charged.

neutron: a subatomic particle
that is part of the structure of
the atomic nucleus; a neutron is
electrically neutral.

nuclear (strong) force:
a strong force that hold
neutrons and protons together
in the nucleus of an atom; the
force operates only over very
short distances.

baryon: a group of elementary
particles that are affected by
the nuclear force; neutrons and
protons belong to this group.

lepton: a group of elementary
particles that are not affected
by the nuclear force; electrons
belong to this group.

meson: a virtual particle that
mediates the strong, nuclear
force of an atom; the protons
and neutrons exchange mesons;
the protons and protons
exchange mesons; the neutrons
and neutrons exchange mesons.
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8.Complete a chart indicating if the following pairs of particles
interact by the electrostatic force and/or the nuclear force:

proton-proton; proton-electron; proton-neutron; neutron-
electron; electron-electron; neutron-neutron.

9. Two protons are separated by 1 � 10–15 m in a nucleus.

a) Calculate the gravitational force between them.
b) Calculate the electrostatic force between them.
c) Can the gravitational force be responsible for holding the

nucleus together? Explain.

10. Draw a Feynman diagram of a single proton at rest.

11. In the Feynman diagram on the left, show that the charge
is conserved at each vertex (i.e., the charge entering the
vertex is equal to the charge exiting the vertex).

12. Sketch a Feynman diagram for the interaction between two
neutrons.

13. When your fingertips touch, your skin deforms. Explain why
this happens and why the deformation increases when you
press harder.

14. Could a museum exhibit help visitors understand how the
nuclear force is able to hold the nucleus together but not
pull neighboring nuclei together? Could it be interactive?
Could it capture people’s attention within 30 seconds?
Describe such an exhibit.

Stretching Exercise
Prepare a research report and/or a simulation of the experiment
that Chadwick performed to discover the neutron in 1932.
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