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Activity 7 Radioactive Decay and the Nucleus

What Do You Think?
Is nuclear radiation friend or foe? Radiation is a big
plus for medical procedures and a big hazard from
nuclear bombs.

• What is radiation?

• Do we have any control over it?

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
1. Mark one side of each of 100 sugar cubes with a

dot. Place the sugar cubes in a container. Gently
shake the sugar cubes so that they can land
randomly on any side.

Remove the cubes that have the dot face up and replace
them with pennies.

GOALS
In this activity you will:

• Create a graph
representing radioactive
decay.

• Use the concept of half-life
to determine the age of an
archaeological artifact.

• Write equations for alpha
decay.

• Write equations for beta
decay.

• Write equations for
gamma decay.

Activity 7 Radioactive Decay and the Nucleus
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a) Record your result in a data table like the one shown.

2. Repeat with the remaining cubes. Continue with at least 
10 additional trials.

a) Record your results each time.
b) Graph the information from the chart. Place the trials on

the x-axis and the number of cubes on the y-axis. Draw the
best-fit smooth curve through most of the cube data points.

3. Use your graph to answer the following questions:

a) How many tosses did it take to remove half the sugar cubes?
b) In this model, let each toss of the box represent a time

interval of one hour. Change the “trials” label on your graph
to “hours.” How many hours did it take to remove half the
sugar cubes? This unit of time is the half-life of your sample,
the amount of time it takes for half of the sample to change.

4. Compare your results with that of other groups.

a) Are they similar?
b) Combine the data from all groups. Graph the class data.
c) How does the class data compare to your graph?
d) During each shake of the box, what was the probability

that any one sugar cube would land with the dot facing up?

5. Consider what would happen if the sugar cube had a dot on
two faces.

a) How would you expect the data to change?
b) During each shake of the box, what was the probability

that any one sugar cube would land with a dot face up?
c) Sketch a graph that you might expect to get.
d) What may be the value of the half-life for this new set of

sugar cubes with two dots?

Number of
sugar cubes

Number of
pennies

Trial

0

1

2

3

Etc.

100 1000

Total number of
cubes and pennies

Do not eat the sugar
cubes.As with anything used 
in a lab activity, they are
contaminated and not edible.
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6. Consider what would happen if the sugar cube had a dot on
three faces.

a) How would you expect the data to change? 
b) During each shake of the box, what was the probability

that any one sugar cube would land with a dot face up?
c) Sketch a graph that you might expect to get.
d) What may be the value of the half-life for this new set of

sugar cubes with three dots?

7. Consider what would happen if the sugar cube had a dot on
five faces.

a) How would you expect the data to change? 
b) During each shake of the box, what was the probability

that any one sugar cube would land with a dot face up?
c) Sketch a graph that you might expect to get.
d) What may be the value of the half-life for this new set of

sugar cubes with five dots?

8. The half-life of carbon-14 is 5730 years. That is, every 
5730 years, half of the carbon-14 decays by emitting an electron
and becomes nitrogen-14. By measuring the remaining carbon-
14 in a long-dead sample, scientists can find out for how many
half-lives the organism has been dead. If half the carbon-
14 remains, then they know that 5730 years have passed. If
�1
1
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1
2�� of the carbon-14 remains, then scientists 

know that four half-lives, or 22,900 years, have passed.
a) How many years have passed when the sample contains 

�
1
8� of the carbon-14?

9. Here is a graph showing the radioactive decay of a 
500-g sample of C-14.
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a) What is the half-life of the sample?
b) How many grams have undergone decay after 7000 years?
c) The original sample had 500 g. The sample now has 400 g

of C-14. How much time has elapsed?

10. A 1600-g sample of iodine-131 is observed over the course of
a few months. A graph of the remaining iodine-131 is shown
below.

a) What is the half-life of the sample?
b) How many grams have undergone decay after 25 days?
c) The original sample had 1600 g. The sample now has

1400 g. How much time has elapsed?
d) The original sample had 1600 g. The sample now has

600 g. How much time has elapsed?

11. Carbon-14 (called the parent nucleus) decayed and became
nitrogen-14 (called the daughter nucleus). In the last
example, iodine-131 (parent nucleus) decayed and became
xenon-131 (daughter nucleus). In the simulation using
sugar cubes, the sugar cube (parent) “decayed” and became
a penny (daughter). The total number of sugar cubes plus
pennies always remained at 100. In radioactive decay, the
total number of parent and daughter nuclei must also
remain the same.
a) Construct a graph of the growth in the pennies over

time from your earlier data.

12. Elements become other elements through radioactive decay.
Three different decay processes can take place. The nucleus
can emit an alpha particle. The alpha particle is a helium
nucleus. It has two protons and two neutrons. It is written
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as He. In all alpha decays, the number of protons must 
remain constant and the atomic mass (protons + neutrons)
must remain constant. If an alpha particle is emitted from
the parent nucleus, then the new daughter nucleus will
have two fewer protons and two fewer neutrons. Writing the
nuclear equation makes this much simpler.

U ➜ He + X

where X is as yet unknown.

Notice that the numbers of protons (the numbers on the
bottom) remain constant.

92 = 2 + 90

The total mass of protons and neutrons (the top number)
also remains constant.

238 = 4 + 234

The new daughter element has an atomic number of 90.
Referring to the periodic table, the element is thorium and
its chemical symbol is Th (X = Th).

U ➜ He + Th

Although the half-life of the element is not indicated in the 
decay scheme, the half-life of U is 4.5 billion years.

a) Write the decay scheme for U emitting an alpha 

particle (half-life = 700 million years).
b) Write the decay scheme for Th emitting an alpha 

particle (half-life = 14 billion years).
c) U and U are isotopes of uranium. They both have 

92 protons in the nucleus. They have different numbers
of neutrons. It is the number of protons that determine
the name of the element. The half-lives are quite
different. Calculate the number of neutrons in these
isotopes of uranium.

13. A second possible nuclear decay occurs with the emission of
a beta particle from the nucleus. A beta particle is a high-
speed electron or a high-speed positron (identical to the
electron but with positive charge). A neutron within the
nucleus becomes a proton and emits the beta particle.
Potassium-40 undergoes beta emission. The decay process:

K ➜ e + X40
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FOR YOU TO READ

Models

Lots of people go to Las Vegas or
other gaming centers to gamble.They think that
because dice are involved that it is all a matter
of luck whether they win or lose. Have you ever
looked at the size of the hotels in Las Vegas?
From the size and numbers of these hotels, you
have to assume that the “house” always wins
and that there is less luck at the casinos than
some people expect. Probability is not the
same as luck. In this activity you studied
probability as it relates to atomic structure 

You modeled an event in the real world.
Scientists make many kinds of models. Models
are conceptual representations of real things.
You are probably familiar with physical models
of the planets, moons, and the Sun and their
interactions in the solar system.This type of

model can help you “see” something too big to
see all at once in nature.The model of the
atom that you will create for your museum
exhibit is another example of a model.The
model is based on many observations and
experimental results. Many models in science
are complex mathematical models.

The radioactive model in this activity used
sugar cubes to represent nuclei.When the
sugar cubes were tossed and a “dot” emerged

The beta particle emission causes an increase in the
number of protons (the neutron became a proton). There 
is no change in the atomic mass since the mass of a proton
and neutron are almost identical.

The new daughter element has an atomic number of 
20. Referring to a periodic table, the element is calcium and
its chemical symbol is Ca.

K ➜ e + Ca

a) Write the decay scheme for C emitting a beta particle 
(half-life = 5730 years).

b) Write the decay scheme for Cs emitting a beta 

particle (half-life = 30 years).

During some radioactive decays, additional energy is
emitted in the form of gamma rays. Gamma rays are high-
energy light. Their symbol in the radioactive decay is 

γ since they have no mass.0
0
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Physics Words
probability: a measure of
the likelihood of a given
event occurring.

radioactive: a term
applied to an atom that
has an unstable nucleus
and can spontaneously
emit a particle and
become the nucleus of
another atom.
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Reflecting on the Activity and the Challenge
Some nuclei are stable while some decay. The parent nuclei can
decay through alpha, beta or gamma emission. The decay process
is random in that you cannot tell which of the individual nuclei
will decay. However, the number of nuclei that will decay is quite
predictable. The decay rate is defined by the half-life of the
element. The half-life is the time required for one-half of the
parent nuclei to become daughter nuclei. You can show nuclei
decaying as part of your museum exhibit. It may be a bit tricky
to show the mechanism of decay and to adequately describe half-
life, but these are both worthwhile topics to pursue.

face-up, the sugar cube “decayed” and became
a penny. In radioactive samples like carbon-14
or iodine-131, the nuclei are not being tossed.
As time goes on, some parent nuclei decay and
become daughter nuclei.You had no idea which
of the sugar cubes were going to land with the
dot face-up.You also have no idea which of the
carbon-14 nuclei will decay.You did get a good
sense how many sugar cubes would land with
the dot face-up.You have a very, very precise
understanding of how many carbon-14 parent
nuclei will decay in a given time.

Scientists use radioactive decay as precise
clocks. Geologists want to know the age of
rocks to provide an understanding of the
Earth. Paleontologists want to know the age of
fossils to better understand life on Earth.
Archaeologists want to know the age of tools
to better understand humans. Scientists in each
of these fields make use of the known half-lives
of radioactive elements for dating purposes.

One type of carbon atom, called carbon-14, is
used in radioactive dating.As long as an
organism lives, the ratio of carbon-14 to carbon-
12 in the body stays the same.When organisms
die, no new carbon-14 is added to their tissues.

The decay of carbon-14 continues. If you know
how much carbon-14 was in the organism when
it lived, you can figure out how long ago it died
by measuring the carbon-14 that remains.

Other elements are important tools in radioactive
dating. Potassium-40 has a half-life of 1.3 billion
years. Uranium-238 has a half-life of 4.47 billion
years.Thorium-232 has a half-life of 14 billion
years.These radioactive elements, as well as
others, are found in rocks. Often, all three of these
elements are used to date a specific rock. By
comparing the radioactive decays, the age of a
rock can be determined with more precision than
if only one element was used. Rocks that are
several billion years old have been discovered,
indicating that the Earth must be at least this old.

Entombed in ice for over 5000 years, the iceman was
discovered in 1991 by hikers in the Tyrolean Alps in Austria.
Carbon-14 dating, along with many other scientific tools,
was used to investigate this archaeological find.
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Physics To Go
1. A box of 500 candies was dropped on a table. If the red side

of the candy was facing up, the candy was eaten. The
remaining candy was shaken and dropped on the table again.
A data table was created.

a) Construct three graphs of the data.
b) From the graph, determine the half-life of the candy in

this tossing simulation.
c) From the percentage that “decay” each toss, determine the

shape of the candy.

2. There are 600 g of radioactive iodine-133. The half-life of
iodine-133 is 21 h.

a) How much of this radioactive substance would exist after
21 h?

b) After 42 h?
c) After 126 h?

3. The half-life for the radioactive gas radon-220 is 51.5 s.
Suppose a sealed bottle contains 100 g of radon-220. What
mass of radon-220 will still be in the bottle after:

a) 51.5 s? b) 103 s? c) 257.5 s?

4. Radioactive decay can be measured. One type of measuring
tool gives a reading called a counting rate. A sample of
radioactive material initially produces 2000 counts per

Candies with
red face up

and then eaten

Total
candies
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Toss
(every 10
minutes)
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second. Four hours later, the same sample produces 
500 counts per second. What is the half-life of the sample?

5. Carbon-14 has a half-life of 5730 years. What fraction of the
original amount of carbon-14 will remain after 23,000 years?

6. Suppose a sample of carbon is extracted from a partially
burned log found in a prehistoric fire site. The sample is �

1
8� as

radioactive as carbon extracted from a modern log. How old
is the sample taken from the ancient log?

7. For what age materials is uranium dating more useful than
carbon dating? Explain your reasoning.

8. Radioactive uranium-238 decays by alpha emission. The
daughter product, thorium-234 then decays by beta emission.
A chart of the decay series is shown. The first line shows the
decay of uranium-238. The thorium-234 is then placed on the
next line. It then produces Pa-234 by beta emission. The 
Pa-234 is then placed on the next line and its decay is written.

Complete the chart. (The half-lives are given for interest and
are not needed to complete the chart.) The periodic table will
help you identify the element symbols from their atomic
number. If the periodic table is not available, you can
complete the chart with the atomic number and mass and
leave a blank for the symbol.

Half-life EmissionElement

U

Th

Pa

U

Th

238
92

234
90

234
91

234
92

230
90

234
92 Th230

90He �4
2U →

Pa234
91e �0

�1 γ �0
0

234
90 Th →

U234
92e �0

�1 γ �0
0

234
91 Pa →

U →238
92 Th234

90He �4
24.9 � 109 years

24 days

1.14 minutes

3 � 105 years

83,000 years

1600 years

3.8 days

3.0 minutes

26.8 minutes

19.7 minutes

10�5 seconds

22 years

5 days

140 days

Stable

alpha

beta, gamma

beta, gamma

alpha

alpha, gamma

alpha, gamma

alpha

alpha

beta, gamma

beta, gamma

alpha, gamma

beta

beta, gamma

alpha

Reaction

Active Physical Science 
603

APS.SE.Ch09  9/1/04  7:46 AM  Page 603



Atoms on Display

604
Active Physics

Stretching Exercises
1. Iodine-133 is a common byproduct of nuclear fission in

electric power plants. You are given a sample of material
contaminated by iodine-133. Find out how long you have to
wait before you can dump the iodine into the environment.
How do you know it is “safe?” Report your findings to the
class.

2. Find out about radon, a radioactive element found in your
homes. Why is it considered a hazard? Report your findings
to the class.

3. Medical doctors use radioactive materials in many ways.
Research this and make a list of at least five uses for
radiation in medicine. Create a poster of your findings.
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