alpha and beta decay practice problems
with answers

alpha and beta decay practice problems with answers provide an essential tool
for students and professionals studying nuclear physics, helping to
understand radioactive decay processes. Mastery of these types of decay is
critical for fields such as nuclear medicine, energy production, and
radiation safety. This article offers a comprehensive collection of practice
problems focused on alpha and beta decay, each accompanied by detailed
answers. These problems cover fundamental concepts like identifying decay
products, calculating energy released, and applying decay equations.
Additionally, explanations clarify the differences between alpha decay, beta-
minus decay, and beta-plus decay, enhancing conceptual understanding. The
practice problems are structured to build confidence and competence in
solving typical radioactive decay scenarios. Readers will find this resource
valuable for exam preparation, coursework, or self-study in nuclear chemistry
and physics.
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Understanding Alpha and Beta Decay

Alpha and beta decay are two common types of radioactive decay that involve
the emission of particles from unstable atomic nuclei. Alpha decay releases
an alpha particle, which consists of two protons and two neutrons,
effectively reducing the atomic number by two and the mass number by four.
Beta decay involves the transformation of a neutron into a proton or vice
versa and the emission of a beta particle, which can be either an electron
(beta-minus) or a positron (beta-plus). Understanding these processes is
crucial for solving decay problems accurately and predicting the resulting
isotopes after decay. These concepts form the foundation of the following
practice problems and their step-by-step solutions.



Key Characteristics of Alpha Decay

Alpha decay is characterized by the emission of a helium nucleus (alpha
particle) from a radioactive atom. This process typically occurs in heavy
elements such as uranium and radium. The loss of an alpha particle decreases
the parent nucleus's atomic number by two and the mass number by four,
resulting in a new element with different chemical properties. Alpha
particles have low penetration power but high ionizing capability, making
them significant in radiation safety contexts.

Key Characteristics of Beta Decay

Beta decay comes in two forms: beta-minus and beta-plus decay. In beta-minus
decay, a neutron in the nucleus converts into a proton, emitting an electron
and an antineutrino. In beta-plus decay, a proton converts into a neutron,
emitting a positron and a neutrino. Beta decay changes the atomic number by
one but leaves the mass number unchanged. These transformations allow
unstable isotopes to move toward greater nuclear stability.

Alpha Decay Practice Problems with Answers

Alpha decay problems typically involve determining the daughter nucleus after
the emission of an alpha particle and calculating the changes in atomic and
mass numbers. Below are several practice problems with detailed answers to
reinforce understanding of alpha decay mechanics.

Problem: Uranium-238 undergoes alpha decay. Write the nuclear equation
and identify the daughter nucleus.

Answer: Uranium-238 has an atomic number of 92. Emitting an alpha
particle (2 protons and 2 neutrons) reduces the atomic number by 2 and
the mass number by 4. The daughter nucleus is Thorium-234.

Nuclear equation: {238} {92}U - ~{234} {90}Th + ~{4} {2}He.

Problem: Calculate the remaining mass of a 10-gram sample of
Polonium-210 after 3 alpha decay half-lives, given its half-life is 138
days.

Answer: After 3 half-lives, the remaining mass is (1/2)"3 of the
original mass.



Remaining mass = 10 g x (1/8) = 1.25 g.

Problem: Identify the new element formed when Radium-226 undergoes alpha
decay.

Answer: Radium-226 (atomic number 88) loses an alpha particle.
New element: Radon-222 (atomic number 86).

Nuclear equation: {226} {88}Ra - "~{222} {86}Rn + ~{4} {2}He.

Beta Decay Practice Problems with Answers

Beta decay problems involve determining the daughter nucleus after beta
emission and understanding the changes in atomic number. These examples
illustrate typical beta decay scenarios and their solutions.

Problem: Write the nuclear equation for the beta-minus decay of
Carbon-14.

Answer: Carbon-14 (atomic number 6) emits a beta-minus particle
(electron), converting a neutron to a proton. The daughter nucleus 1is
Nitrogen-14 (atomic number 7).

Nuclear equation: {14} {6}C - ~{14} {7}N + \beta™- + \bar{\nu} e.

Problem: Explain what happens during beta-plus decay and provide the
nuclear equation for Potassium-40 undergoing beta-plus decay.

Answer: Beta-plus decay occurs when a proton converts into a neutron,
emitting a positron and a neutrino. For Potassium-40 (atomic number 19),
the daughter nucleus is Argon-40 (atomic number 18).

Nuclear equation: "~{40} {19}K - "~{40} {18}Ar + \beta™+ + \nu e.

Problem: A sample of a beta-minus emitter has a half-life of 10 hours.



How much of a 20-gram sample remains after 30 hours?
Answer: After 3 half-lives (30 hours), the remaining mass is:

20 g x (1/2)"3 =20 g x 1/8 = 2.5 g.

Mixed Decay Problems and Their Solutions

Some radioactive isotopes undergo multiple types of decay or decay chains
involving both alpha and beta emissions. These problems require tracking
sequential decay steps and predicting final products.

Sequential Decay Problem

Consider the decay chain of Uranium-238, which undergoes alpha decay followed
by beta decay steps. Solving these problems involves applying both alpha and
beta decay principles in sequence.

Problem: Uranium-238 undergoes alpha decay to Thorium-234, which then
undergoes beta-minus decay. Write the nuclear equations for both steps
and identify the final product.

Answer:
o Alpha decay: ~{238} {92}U - ~{234} {90}Th + ~{4} {2}He

o Beta-minus decay: ~{234} {90}Th - ~{234} {91}Pa + \beta™- +
\bar{\nu} e

The final product after these two decays is Protactinium-234.

Problem Solving Strategies

When approaching mixed decay problems, it is important to carefully track
changes in atomic and mass numbers after each decay step. Writing out nuclear
equations clearly and verifying conservation of nucleons helps avoid
mistakes. Understanding the nature of each decay type simplifies the
identification of daughter isotopes.



Tips for Solving Radioactive Decay Problems
Effectively

Succeeding in alpha and beta decay practice problems with answers requires
systematic problem-solving techniques. The following tips enhance accuracy
and comprehension in radioactive decay calculations.

e Memorize fundamental decay types: Know the characteristics of alpha,
beta-minus, and beta-plus decay to quickly predict daughter nuclei.

e Use nuclear notation: Write the full nuclear reaction with atomic and
mass numbers to track changes precisely.

e Calculate half-life decay: Apply the half-life formula correctly to
determine remaining quantities over time.

e Check conservation laws: Confirm that mass and atomic numbers balance on
both sides of the equation.

e Practice systematically: Work through problems progressively, starting
from simple decays to complex decay chains.

Consistent practice with alpha and beta decay problems improves understanding
of nuclear transformations and prepares learners for advanced studies in
nuclear chemistry and physics. The provided examples and strategies offer a
solid framework for mastering these essential concepts.

Frequently Asked Questions

What is the difference between alpha decay and beta
decay?

Alpha decay involves the emission of an alpha particle (2 protons and 2
neutrons), resulting in a decrease of the atomic number by 2 and mass number
by 4. Beta decay involves the transformation of a neutron into a proton with
the emission of a beta particle (electron or positron), changing the atomic
number by +1 but leaving the mass number unchanged.

How do you write the nuclear equation for alpha
decay of Uranium-238?

Uranium-238 undergoes alpha decay by emitting an alpha particle (He-4
nucleus). The equation is: 238U - “He + 234Th. Here, the atomic number



decreases from 92 to 90, and the mass number decreases from 238 to 234.

What is the product nucleus when Carbon-14 undergoes
beta decay?

When Carbon-14 undergoes beta decay, a neutron is converted into a proton and
an electron (beta particle) is emitted. The product nucleus is Nitrogen-14
(atomic number 7). The equation is: 14C - 14N + B-.

How to balance the nuclear equation for beta plus
decay (positron emission) of Potassium-407?

In beta plus decay, a proton is converted into a neutron and a positron is
emitted. For Potassium-40: “4°K - “°Ar + B*. The atomic number decreases from
19 to 18, mass number remains 40.

What practice problem can help understand the change
in atomic and mass numbers during alpha decay?

Practice Problem: Write the nuclear equation for the alpha decay of
Radium-226. Answer: 22f%Ra - “He + 222Rn. Atomic number decreases by 2 (from
88 to 86), mass number decreases by 4 (from 226 to 222).

How to determine the missing particle in a beta
decay equation?

Given a beta decay equation with a missing particle, use conservation of
atomic and mass numbers. For beta minus decay, the atomic number of the
product is one more than the parent, mass number stays the same, and the
emitted particle is an electron (B-). For beta plus decay, atomic number
decreases by one, mass number stays the same, and the emitted particle is a
positron (B*).

Can you provide a sample alpha decay problem with
solution?

Problem: Polonium-210 undergoes alpha decay. Write the nuclear equation and
identify the daughter nucleus. Solution: 21°Po - 4He + 2°9¢Pb. The daughter
nucleus is Lead-206 with atomic number 82.

Additional Resources

1. Alpha and Beta Decay: Practice Problems and Solutions

This book offers a comprehensive collection of practice problems focused on
alpha and beta decay processes. Each problem is accompanied by detailed step-
by-step solutions, making it ideal for students and educators alike. The



explanations clarify underlying nuclear physics concepts, ensuring a solid
understanding of decay mechanisms.

2. Mastering Radioactive Decay: Alpha and Beta Problems with Answers

Designed for advanced high school and undergraduate students, this book
provides a variety of problems on alpha and beta decay. The answers include
thorough reasoning and calculations, helping learners grasp complex decay
sequences. Additionally, the book covers related topics such as half-life and
decay chains.

3. Applied Nuclear Physics: Alpha and Beta Decay Exercises

Focusing on applied aspects of nuclear physics, this book presents numerous
exercises on alpha and beta decay with fully worked-out solutions. Readers
will find practical problems that connect theory with real-world scenarios,
enhancing problem-solving skills in nuclear science.

4. Radioactive Decay Practice Workbook: Alpha and Beta Decay

This workbook is tailored for self-study and classroom use, featuring a wide
range of problems on alpha and beta decay. Each exercise is followed by a
clear answer key and explanations to reinforce learning. It is a valuable
resource for exam preparation and concept reinforcement.

5. Fundamentals of Alpha and Beta Decay: Problems and Answers

This text breaks down the fundamental principles of alpha and beta decay
through carefully crafted problems and comprehensive solutions. It emphasizes
understanding decay mechanisms, energy calculations, and the impact on atomic
nuclei. The book is suitable for physics students seeking a strong
foundation.

6. Nuclear Decay Problem Solving: Alpha and Beta Decay Edition

With a focus on problem-solving techniques, this book offers a targeted
approach to mastering alpha and beta decay calculations. Detailed solutions
guide readers through common pitfalls and complex scenarios, promoting
confidence in nuclear decay analysis.

7. Comprehensive Guide to Alpha and Beta Decay with Practice Questions

This guide combines theoretical explanations with extensive practice
questions on alpha and beta decay. Each question is matched with a detailed
answer to help students self-assess their understanding. The book also
includes tips for efficient problem-solving strategies.

8. Alpha and Beta Decay Problems for Physics Students

Tailored specifically for physics students, this book includes a curated set
of problems on alpha and beta decay, complete with answers and concise
explanations. It serves as a supplementary resource for coursework and exam
preparation in nuclear physics.

9. Step-by-Step Alpha and Beta Decay Exercises with Solutions

This resource provides a methodical approach to solving alpha and beta decay
problems, breaking down each solution into clear, manageable steps. It is
ideal for learners who benefit from incremental learning and detailed



walkthroughs of nuclear decay calculations.
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