APPLICATION OF NUCLEAR REACTION
(MODIFIED FOR ADEED)
Overview:
In this lesson, students model nuclear decay. They research the three types of nuclear reactions and write the
symbols for nuclear decay.

Science Concept:
Matter is converted directly into energy during nuclear reactions, which occur in a variety of applications.

Objectives:
The student will:
•
identify and define the three types of atomic decay;
•
identify the symbol for each type of atomic decay; and
•
research the three types of atomic decay.

Targeted Alaska Grade Level Expectations:
Science
[10-11] SA1.1 The student demonstrates an understanding of the processes of science by asking questions,
predicting, observing, describing, measuring, classifying, making generalizations, analyzing data,
developing models, inferring, and communicating.
[11] SB3.2 The student demonstrates an understanding of the interactions between matter and energy and the
effects of these interactions on systems by researching applications of nuclear reactions in which a small
amount of matter is converted directly into a huge amount of energy (i.e., E=MC2).

Vocabulary:
alpha decay - a form of radioactive decay in which an atomic nucleus ejects an alpha particle through
electromagnetic force and transforms into a nucleus with mass number 4 less and atomic number 2 less.
alpha particle - a positively charged particle that is identical with the nucleus of a helium atom, consists of 2
protons and 2 neutrons, and is thrown at high speed from a radioactive atomic nucleus.
beta decay - a type of radioactive decay in which a beta particle (an electron or a positron) is emitted. In the
case of electron emission, it is referred to as “beta minus” (β−), while in the case of a positron emission as
“beta plus” (β+).
beta particle - an electron or positron that is thrown out from the nucleus of an atom during radioactive decay.
gamma decay - the process whereby gamma radiation (high energy photons) is emitted by a decaying nucleus.
The gamma radiation is electromagnetic radiation of a wavelength of about 10^-10 m to 10 ^ -14 m and is
harmful to living things. It is not a particle like alpha or beta particles, but just energy.
PET scan – a three-dimensional image or map of functional processes in the body completed with positron
emission tomography (PET), a nuclear medicine medical imaging technique.

Whole Picture:
When an atom decays, it can do so in one of three methods known as alpha, beta, and gamma decay. Alpha
decay happens when an unstable nucleus ejects an alpha particle, which is composed of two neutrons
and two protons or the nucleus of a helium-4 nucleus. Beta decay happens when the nucleus ejects a
beta particle, an electron or a positron. Electrons or positrons are produced in the nucleus when a neutron
decays into a proton, an electron, and a neutrino or a proton decays into a neutron, a positron, and a
neutrino. Gamma decay happens when electromagnetic radiation (a photon) is given off by the nucleus as
the protons and neutrons lower in energy state.
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In alpha decay, the nucleus emits an alpha particle, a helium nucleus that is a group of two protons and
two neutrons. A helium nucleus is very stable. This transforming of one element to another is called
transmutation. Alpha particles do not travel far in air before being absorbed. They are safely used in smoke
detectors. Below is an alpha decay of uranium-238:

Beta particle decay emits either an electron or a positron. When an electron is emitted, the number of
neutrons is decreased by one and the number of protons is increased by one. When a positron is emitted,
the number of protons is decreased by one and the number of neutrons is increased by one. Beta particles
are much more penetrating than alpha particles. Below is an example of beta decay:

	
  

The third class of radioactive decay is gamma decay, in which the nucleus changes from a high-energy state
to a lower-energy state. Surprisingly, the nucleus has energy levels similar to the electrons. Gamma rays are
very penetrating, therefore, very dangerous. A thick layer of dense material such as lead can only absorb
them.

Materials:
•
•
•
•
•
•
•
•
•
•

Periodic Table of Elements (included)
6 candy-coated chocolate pieces of one color (per group)
8 candy-coated chocolate pices of a second color (per group)
Candy (or other food) (1 piece/student)
Sulfur tipped match
Exploding pull-string poppers
OVERHEAD: “Examples”
OVERHEAD: “PET Scan equipment & image”
OVERHEAD: “Nuclear Images”
OVERHEAD: “Examples”

Activity Procedure:
Gear Up:
Process Skills: communicating, inferring, and classifying
1.

Ask the class if anyone has ever had a PET scan. Show PROJECTION: “PET Scan equipment & image.”

2.

Ask if anyone knows a cancer patient who has had radiation therapy. Invite students to share what they
know about the procedure.

3.

Show PROJECTION: “Nuclear Images.”

4.

Ask students what the images have in common. (Each is possible because of nuclear radiation.)

5.

Ask for a volunteer(s) to remind the class of the parts of an atom, the parts of its nucleus; the definition
of the terms atomic number and atomic mass, and how to get that information from a periodic table of
elements. Point out the numbers associated with a carbon atom.

Explore:
Process Skills: observing, communicating, inferring, and making models
6.

Distribute a piece of candy to students and ask them to eat the candy.

7.

Ask students what they get from the candy (energy), and what happens to the candy after it has been eaten.
(It’s digested and used for energy.)
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8.

Strike a match. Ask the class where the flame came from. What happened to the red and white head?

9.

Pull apart an exploding pull-string popper. Discuss what made the sound and where that energy came
from. Explain that in each example, energy was released, but that no matter was changed. These are
chemical reactions, not nuclear. The difference is, in a nuclear reaction, matter is actually changed to energy!
If you measure the mass before and after a chemical reaction, the masses would be the same. In a nuclear
reaction, the masses after the reaction would be less!

10. Divide students into groups of three or four. Hand out six candy-coated chocolate pieces of one color (to
represent carbon protons) and eight candy-coated chocolate pieces of another color (to represent carbon
neutrons).
11. Explain the candy-coated chocolate pieces represent protons and neutrons of a carbon atom. Instruct
students to remove two of each color and place in another pile. Ask what elements nucleus the small pile
can represent (Helium). What element does the larger pile represent? (Beryllium, 4 atomic number-protons, 6
neutrons, Atomic mass 10)
12. Explain each time some candy-coated chocolate pieces (nuclear particles) leave the atom some energy is
released. The remaining atomic nucleus may result in a different element. In gamma decay only a highenergy photon is emitted. The nucleus then has a lower energy level and is more stable.
Generalize:
Process Skills: communicating, classifying, and investigating
13. Direct each group to make a list of examples of the conversions of mass to energy. (Atomic bomb, nuclear
power reactors, sun, radioactive decay, etc.)
14. Discuss the following:
a. Which conversions are alphas, betas, or gammas? (All three above examples emit all three types of radiation.)
b. What is the name for the type of decay modeled with the candy-coated chocolate pieces? (radioactive
decay)
c. Are there other types of decay?
d. Where could you go to find out?
Explore:
Process Skill: investigating
15. Instruct students to go to a resource book or the Internet to find out about alpha, beta and gamma
radiation, and how the reactions are symbolized with equations.  Ask them to write down what they find to
discuss during the “Generalize” section of the lesson.
Generalize:
Process Skill: communicating
16. Call on students to answer the following questions:
a. How can you tell if a reaction is alpha decay, beta decay, or gamma decay? (Alpha decay loses 4 from its
mass number and 2 from its atomic number; beta decay loses an electron; and gamma decay emits a highenergy photon.)
b. How are nuclear reactions symbolized? (alpha = 2He4, beta = -1eo, gamma = ogo)
c. What type of information can one get from a reaction equation? (The starting atom, the type of decay,
and the resulting atom.)
d. What are some applications made possible by nuclear reactions? (nuclear power plants, nuclear
submarines, smoke detector, etc.)
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Apply/Assess:
Process Skills: making models, communicating, predicting, and investigating
17. Show students PROJECTION: “Examples.” Ask students to describe Alpha Decay. (In alpha decay the nucleus
has an imbalance of protons which causes electromagnetic force of repulsion to overcome the nuclear force
which holds the atom together. In alpha decay, an atom emits an alpha particle and transforms into an atom
with a mass number 4 less and an atomic number 2 less.)
18. Ask students to describe Beta Decay. (In beta decay the neutron to proton ratio is too great and instability is
caused, so a neutron is turned into a proton and a electron is emitted or a proton becomes an neutron and a
positron is emitted.)
19. Ask students do describe Gamma Decay. (In gamma decay a nucleus changes from a higher energy state to a
lower energy state through the emission of electromagnetic radiation (photon).The nucleus emits a high-energy
photon, known as a gamma particle.)
20. On a blank sheet of paper, or in their Science Journals, ask students to write the name of each type of decay
and the symbol for the decay particle emitted.
21. Ask students to write the symbol for the decay particle emitted. (alpha = 2He4, beta = -1eo, gamma = ogo)
22. Have students write in their notebooks three equations for the decay of three elements in which they show
one of each kind of radiation.

Extension Ideas:
1.
2.
3.

Instruct students to research the terms “fission” and “fusion,” and find several applications of each. Assign a
PowerPoint, poster or research paper for students to illustrate what they learned.
If possible, arrange a field trip to a nuclear power plant or nuclear medicine facility.
Hold a class debate on the pros and cons of nuclear weapons research.

Rubric:
Objective

GLE

Emergent

Developing

Proficient

Advanced

The student
identifies and
defines alpha,
beta and
gamma decay.

SB3.2

Names one to
three, but cannot
define more than
one.

Names all three
and defines one
or two.

Names all three
and defines two
or three.

Names and
defines all three
terms, and gives
an example of at
least one.

The student
SB3.2
identifies the
symbol for each
type of atomic
decay.

The student does
not attempt to
answer.

The student
answers, but not
correctly.

The student
provides the
correct symbols,
but does not
match them with
the correct type
of atomic decay.

The student
provides the
correct symbol
for each type of
atomic decay.

The student
researches the
three types of
atomic decay.

The student does
not research.

The student
researches, but
does not use
authoritative
sources.

The student
researches
and provides
authoritative
sources.

The student
researchers,
provide
authoritative
sources, and can
explain results.

SA1.1
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PET SCAN EQUIPMENT & IMAGE

Jens Langner photo

PET Scanner

National Institute on Drug Abuse image

PET Scan Image
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Diablo Canyon Nuclear Power Plant
San Luis Obispo, California

photo by Jim Zimmerlin, Grover Beach, California
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Nuclear Bomb Blast
Upshot-Knothole Grable atomic bomb, Nevada Test Site, May 25, 1953

U.S. Department of Energy photo
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The Sun
Extreme Ultraviolet Imaging Telescope image, Sept. 14, 1999
The hottest areas appear almost white, while the darker red
areas indicate cooler temperatures.

The Sun in Three Colors of Ultraviolet Light
Transition Region and Coronal Explorer image, July 30, 1999
Since only active regions emit significant amounts of
energetic ultraviolet light, most of the sun appears dark.

NUCLEAR IMAGES (3 OF 3)
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EXAMPLES

Alpha Decay

Beta Decay

Gamma Decay

STEP ©2006-2009 Geophysical Institute, UAF		

Application of Nuclear Reaction

STEP ©2006-2009 Geophysical Institute, UAF		

Application of Nuclear Reaction

