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What Do You Think?
Nuclear energy is used for nuclear power
plants, for creating energy in the Sun, and for
atomic weapons.

• How is nuclear energy created? 

• Is all nuclear energy produced the same way?

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

For You To Do
In the previous activity you learned to calculate
binding energy. The binding energy is the
energy required to disassemble a nucleus into

its separate protons and neutrons. The higher
the binding energy, the more energy is required to free the
nucleons. The higher the binding energy, the more stable
the nucleus.

1. To see if there is a pattern to binding energies and the
related stability of nuclei, you can calculate the binding
energy per nucleon for all known elements and make a
graph. In the spirit of learning the physics and making
the most efficient use of your time, limit your
calculations to some specific elements.

Activity 9 Breaking Up Is Hard to Do

GOALS
In this activity you will:

• Calculate the binding
energy of various nuclei.

• Create a graph of average
binding energy per
nucleon versus the number
of nucleons.

• Explain how a fusion
reaction can release
energy.

• Explain how a fission
reaction can release
energy.

• Describe a mousetrap
model for a fission chain
reaction.
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Activity 9 Breaking Up Is Hard to Do

You know the mass of the proton and neutron. The only
additional information that is needed to calculate the binding
energy for a given nucleus is the mass of that nucleus. The
masses of a number of elements are given below.

Atomic
number

Mass
number

Element
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1

1

2

3

4

5
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7

8

9

15

20

25

26

1.008665

1.007825

1.007825

4.002603
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9.012186

11.009305
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18.998405
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56.935398
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U

27

30

35

40

45

50

55

60

70

80

81

82

83

90

92

58.933190
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     neutron
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O

F

P
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Fe

Example:

Calculate the binding energy per nucleon for phosphorus-31 

� P�. (You will use the same method as you used in the 

previous activity.) 

The atomic number of phosphorus is 15.

Number of protons = atomic number = 15
Number of neutrons = atomic mass – number of protons

= 16

Mass of 15 protons = 15 (1.007825 u) = 15.117375 u
Mass of 16 neutrons = 16 (1.008665 u) = 16.138640 u
Total nucleon mass = 31.256015 u
Mass of nucleus of P = 30.973765 u
Mass difference = 0.282250 u

31
15

31
15
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Total binding energy = 0.282250 u � 931.5 MeV/u 
= 262.9 MeV

Total number of nucleons = 31 (15 protons + 16 neutrons)
Average binding energy per nucleon = �262.

3
9
1
MeV
� = 8.48 MeV

On average, it would require 8.48 MeV or 8.48 million 
eV to remove a proton or neutron from the nucleus of
phosphorus–31.

a) Calculate the binding energies for the elements assigned
to you by your teacher.

b) Use combined class data to plot a graph of the binding
energy per nucleon versus the number of nucleons for
each element in the periodic table.

2. If you made a graph of all the elements, it would look like this:

a) Sketch this graph in your log.
b) Describe three features of the graph that you took into

account when you made your sketch.

3. Small nuclei can be put together to form larger nuclei.

a) Show evidence from your graph how the binding energy
per nucleon increases if two small nuclei are put together
to form one larger nucleus.

If the nucleon becomes more tightly bound to the nucleus,
additional energy is given off. It takes additional energy to
free this nucleon.

BINDING ENERGIES
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Larger binding energy means:
• more energy is given off
• the nucleon is more tightly bound
• more energy is needed to free the nucleon

b) Use the graph of nuclear binding energy versus atomic
number to answer the following questions:
i) Which element has the most tightly bound nucleons?
ii) Which element is most stable?
iii) Which element requires the most energy to free a

nucleon?
c) Suppose two atoms of a lighter element (e.g., atomic

number 5) are fused together to create a larger nucleus
(e.g., atomic number 10). This process is called nuclear
fusion. How does the binding energy of the nucleons in the
larger nuclei compare with that of the smaller nuclei? Will
energy be emitted or absorbed during this transition?

d) Not all elements can fuse and provide energy. In order to
produce energy by nuclear fusion, the created nucleus
must have a larger binding energy per nucleon. Draw a
sketch of the binding energy graph and indicate the
portion of the graph where smaller nuclei can fuse and
produce a larger nucleus with an increase in binding
energy per nucleon. Label this portion—fusion.

4. There is another means by which to create nuclei with larger
binding energy. If a very heavy element like uranium were to
break apart, the two daughter nuclei would have a greater
binding energy per nucleon.

a) What is the average binding energy per nucleon for
uranium-235?

b) From the graph, estimate the average binding energy per
nucleon of barium-137.

c) From the graph, estimate the average binding energy per
nucleon of krypton-84.

Since the daughter products of barium-137 and krypton-84
have more binding energy per nucleon than the parent
uranium-235, then energy is given off. This energy release is
due to nuclear fission. It happens when a large nucleus splits
into smaller nuclei.

5. Uranium-235 will become unstable and undergo fission when
it absorbs a neutron. The reaction can be written as:

U + n ➜ Ba + Kr + 3 n1
0

89
36

144
56

1
0

235
92
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a) Show that the number of protons on both sides of the
reaction is equivalent.

b) Show that the total number of nucleons (the sum of
protons and neutrons) is conserved.

6. Only the heaviest elements can undergo fission and provide
energy. In order to produce energy by nuclear fission, the
created nuclei must have a larger binding energy per
nucleon. Refer to your sketch of the binding energy graph.

a) Indicate the portion of the graph where a larger nucleus
can undergo fission and produce nuclei with an increase 
in binding energy per nucleon. Label this portion—fission.

7. Notice that the fission of uranium-235 with the absorption 
of a neutron yields three additional neutrons. Those three
neutrons are responsible for our ability to create a chain
reaction. The chain reaction permits two technologies –
nuclear power and nuclear bombs.

In order to understand how the chain reaction takes place,
imagine a set of 100,000 mousetraps. When a small marble 
is dropped onto any mousetrap, the mousetrap closes with a
large snapping sound.

a) What will happen if 5 marbles are dropped?
b) Imagine that each mousetrap now has a marble balanced

on it. When that mousetrap closes, its marble jumps in the
air and can land on another mousetrap. What will happen
if 5 marbles are now dropped?

c) Imagine now that each mousetrap has 2 marbles balanced
on it. When that mousetrap closes, the 2 marbles jump in
the air and can land on other mousetraps. What will
happen if 5 marbles are now dropped?

d) The mousetraps get out of control very rapidly. The 
5 marbles release 10 marbles that then release 
20 marbles. Create a chart to show how many marbles 
are released in the first 10 cycles.

e) Assume that you have an unlimited supply of mousetraps.
Continue your chart to show how many marbles are
released in the first 20 cycles.

This enormous release of mousetraps is similar to the
enormous release of energy in a nuclear chain reaction.

Physics Words
nuclear fusion: a nuclear
reaction in which nuclei
combine to form more
massive nuclei with the
release of a large amount
of energy.

nuclear fission: a nuclear
reaction in which a
massive, unstable nucleus
splits into two or more
smaller nuclei with a
release of a large amount
of energy.
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Reflecting on the Activity and the Challenge
Both nuclear fusion and nuclear fission provide energy. Your
museum exhibit on atomic structure can certainly include
information about binding energy and nuclear fission and
fusion. It will require some special insight to find ways to help

FOR YOU TO READ

Nuclear Fusion and Nuclear
Fission

The structure of the atom has a nucleus made
up of protons and neutrons.These nucleons
are held tightly together with a specific binding
energy per nucleon.To free a nucleon would
require the addition of energy equal to this
binding energy per nucleon. In this activity you
calculated the average binding energy per
nucleon for each nucleus.The resulting
calculations were plotted on a graph of binding
energy versus atomic number.The graph
revealed that iron has the highest average
binding energy per nucleon and is therefore
the most stable nucleus.

Nuclei of smaller mass than iron have less
binding energy.This makes nuclear fusion
possible. In nuclear fusion two lighter nuclei fuse
together to produce a larger nucleus.The larger
nucleus has a greater average binding energy per
nucleon. Energy is therefore released in the
creation of the larger nucleus.This nuclear
fusion is responsible for the Sun’s energy.The
Sun has provided the Earth’s energy for over
five billion years. It is expected to continue to
produce energy through the fusion of hydrogen
into helium for another five billion years.

Nuclei of larger mass than iron also have less
binding energy.This makes nuclear fission
possible. In nuclear fission a heavy nucleus can

break apart into two smaller nuclei.The
smaller nuclei have a greater average binding
energy per nucleon and energy is therefore
released during their creation.

You saw that the fission of uranium-235 with
the absorption of a neutron yields three
additional neutrons.

U + n ➜ Ba + Kr + 3 n

Those three neutrons have changed our
politics, our culture, and our lives.Those three
neutrons are responsible for our ability to
create a chain reaction.The chain reaction
permits two technologies—nuclear power and
nuclear bombs.

You compared the release of mousetraps to the
enormous release of energy in a nuclear chain
reaction.The uranium-235 nucleus absorbs one
neutron, but gives off three neutrons. Each of
those three neutrons can be absorbed and
more uranium-235 can undergo fission.With
each fission reaction, more energy is released. In
a matter of moments, a huge fission explosion
can take place.The fission explosion can be a
nuclear bomb. However, the fission chain
reaction can also be controlled. By removing
neutrons before the other uranium absorbs
them, a controlled reaction takes place. In a
nuclear power plant, the control rods remove
these neutrons, so that the uncontrolled chain
reaction does not take place.

1
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1
0
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museum visitors understand how breaking up a nucleus can
provide energy while fusing together other nuclei can also
produce energy. You may decide to draw people into your
exhibit with something concerning fission or fusion, sunlight or
bombs, endless energy sources, or political drama.

Physics To Go
1. a) Calculate and compare the binding energies per nucleon

for these three elements:
i) oxygen – 16
ii) lithium – 7
iii) calcium – 40

b) Which nucleus in Part (a) is most stable?

2. a) Sketch the general shape of the binding energy curve
where the number of nucleons is on the x-axis and the
average binding energy per nucleon is on the y-axis.

b) Label the peak of the graph as the most stable element.
Identify that element.

c) Label the part of the graph where fusion could occur.
d) Label the part of the graph where fission could occur.

3. Should a single museum exhibit attempt to discuss both
fusion and fission or should it focus on one? Discuss your
reasons.

4. A simulation of a chain reaction can be constructed using
dominoes.

a) How would such a simulation be set up?
b) Is there a way to set up such a simulation at a museum

exhibit? You probably don’t want everybody taking the
time to set up the dominoes by hand. Is there a
mechanical way of easing the setup time?

5. The Sun creates energy by the fusion of hydrogen into
helium. Describe in detail (using equations and numbers)
how this energy can be created. How long do you think that
the Sun could continue to produce energy in this way?

6. In a nuclear reactor, control rods absorb excess neutrons.
Why would the absorption of neutrons slow the reaction?

7. Nuclear medicine, nuclear energy, nuclear bombs… some
people have very strong opinions about these applications of
our knowledge of the nucleus. Could a museum exhibit poll
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visitors to find their opinion? What would you like to know
beyond their opinion? Describe an exhibit that could gather
and display information.

Stretching Exercises
1. What research is presently being investigated to provide

fusion as an energy source?

2. What are the major advantages and disadvantages of fission
as an energy source? How does one decide whether the
advantages outweigh the disadvantages?

3. The calculations in this activity were very repetitive. You
could set up a spreadsheet to solve for all of the binding
energies at one time. Constructing a spreadsheet allows many
calculations of binding energy to be done effortlessly. You could
then use the graphing function to display the relationship.

The first three lines of a sample spreadsheet are illustrated.
The given information is atomic number, mass number, and
atomic mass.

• You can set the cell for “Number of protons” to equal the
“Atomic number” cell.

• You can set the cell for “Number of neutrons” to equal the

“Mass number – atomic number.”

• The “Total mass of protons” is equal to the “Mass of the
proton” multiplied by the “Number of protons.”

Determine equations for calculating the other cells in the
spreadsheet. Fill down for all of the elements listed in the
table of elements provided in the For You To Do section.

Atomic
number

Mass
number

Element

neutron

proton

H 

He

Li

0

1

1

2

3

1

1

1

4

7

Number
of

protons

Atomic
mass (u)

Total
mass of
protons

Number
of

neutrons

1.008665

1.007825

1.007825

4.002603

7.016004

Total
mass of

neutrons

Total
mass

Mass
defect

Binding
energy per

nucleon

Binding
energy
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