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Chapter 9 Section 1 Radioactivity Worksheet Answers — A Comprehensive
Guide

Understanding radioactivity is a cornerstone of modern science, whether you're studying physics, chemistry, or
environmental science. In many high school and introductory college courses, Chapter 9, Section 1 of the standard
curriculum focuses on the fundamentals of radioactive decay, half life, and the various types of radiation. Students
often turn to worksheets to reinforce these concepts, and the need for accurate, clear answers cannot be
overstated. This article provides a detailed walk through of typical worksheet problems, explains the reasoning
behind each solution, and offers practical tips for mastering the material. Whether you're a teacher looking for
reliable answer keys, a student preparing for exams, or an educator seeking supplementary resources, this guide
will help you navigate the intricacies of radioactivity with confidence.

Overview of Chapter /9 Section /1: Radioactivity

Chapter /9 Section /1 typically introduces the following key topics:

« Definition of radioactivity and its significance in natural processes and human technology.
e Three primary modes of radioactive decay: alpha, beta, and gamma emissions.

e The concept of half life and how it relates to the decay constant.

« Mathematical models describing the exponential decrease in radioactive nuclei.

¢ Applications such as radiometric dating, medical imaging, and nuclear energy.

These concepts form the backbone of the worksheet questions students encounter. A solid grasp of each element
is essential for answering both conceptual and quantitative problems.

Key Concepts Covered in the Worksheet

Types of Radioactive Decay

Radioactive decay is a spontaneous process in which an unstable nucleus transforms into a more stable
configuration, emitting particles or energy. The three most common decay modes are:

1. Alpha decay — Emission of a helium nucleus (2 protons, 2 neutrons). The parent atom’s atomic number
decreases by 2, and its mass number decreases by 4.

2. Beta decay — A neutron transforms into a proton (beta minus) or a proton transforms into a neutron (beta
plus). The atomic number changes by +1, while the mass number remains unchanged.

3. Gamma decay — Emission of high energy photons from an excited nucleus. Gamma rays do not alter the
atomic or mass numbers but reduce the nucleus’s energy.

Recognizing these decay signatures is a common worksheet question, often requiring students to match decay

equations to their products.

Half Life and Decay Constant

The half life (t<sub>Y2</sub>)f a radioactive isotope is the time required for half of the original nuclei to decay.
The relationship between half life and the decay constant (;2 —2 v—en by:



t<sub>%</sub>=1In(2)/;°

Students frequently need to calculate one quantity when the other is provided. Understanding the exponential
nature of decay is crucial for solving these problems.

Calculations and Problem Solving

Worksheet problems often involve:
« Determining the remaining quantity of a substance after a given time.
¢ Calculating the amount of decay products formed.

e Converting between half life and decay constant.
e Applying decay equations to real world scenarios.

Step by step methods help demystify these calculations.

Radioactive Decay Chains

Some isotopes undergo a series of decays before reaching a stable end product. Understanding these chains is
essential for questions that involve multiple decay steps or require the calculation of cumulative activity.

Applications of Radioactivity

From carbon 14 dating to PET scans, the practical uses of radioactivity illustrate why mastering these concepts
matters. Worksheets may ask students to relate theoretical knowledge to technological applications.

Sample Worksheet Questions and Answers

Below are five representative questions from a typical Chapter /9 Section /1 worksheet, followed by detailed solutions.
The step by step explanations aim to reinforce the underlying principles and help you develop problem solving
confidence.

Question 1: Identify the Decay Type

Given the following decay equation, identify whether it is alpha, beta, or gamma decay:
1ttXe!"*t pBa+ tHe
Answer:

When a nucleus emits a helium nucleus ( tHe) and the mass number decreases by 4 while the atomic number
decreases by 2, the process is an alpha decay. Thus, the answer is alpha decay.

Question 2: Calculate Half Life from Decay Constant

A radioactive isotope has a decay constant ;20 & R +2 »’aWhat is its half life?
Answer:

1. Use the formula t*2 = In(2) / ;2a
2. In(2) "H 0.693.
3. t%=0.693/0.005 /s {* = 138.6 /s.

Therefore, the half life is approximately 138.6 seconds.

Question 3: Determine Remaining Quantity After a Given Time

Initially, a sample contains 1.0 /g of a radioactive isotope with a half life of 10 /hours. How much of the isotope remains
after 30 /hours?



Answer:

Number of half lives elapsed: 30 /h /10 /h = 3.
After each half life, the remaining fraction is %. After 3 half lives, the fraction remaining is (*2)3 = 1/8.
Remaining mass: 1.0 /g x 1/8 = 0.125 /g.

Thus, 0.125 /g remains after 30 /hours.

Question 4: Decay Chain Calculation

Consider a decay chain where isotope A decays to isotope B, which then decays to a stable isotope C. The half life
of Ais 5 /years, and the half life of B is 2 /years. If 100 /g of A is initially present, how much B is present after 4 /years?

Answer:

First, calculate the amount of A remaining after 4 /years. The number of half lives: 4 /yr /5 /yr = 0.8.
Remaining fraction of A: (2)0.8 "H 0.574.
Mass of A remaining: 100 /g x 0.574 =57.4 /g.

4. During the 4 /years, A decays to B. The amount of B produced is the difference between the initial 100 /g and
the remaining 57.4 /g: 100 /g — 57.4 /g = 42.6 /9.

5. Now account for B's decay over the same 4 /years. The number of B half lives in 4 /years: 4 lyr /2 yr = 2.

6. Fraction of B remaining: (¥2)2 = 0.25.

7. Remaining B mass: 42.6 /g x 0.25 = 10.65 /g.
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Therefore, after 4 /years, approximately 10.65 /g of isotope B remains.

Question 5: Real World Application — Carbon 14 Dating

Carbon 14 has a half life of 5,730 years. A sample of ancient wood contains 1 % of the original Carbon 14. Estimate
the age of the wood.

Answer:

. Let n be the number of half lives elapsed. The remaining fraction after n half lives is (*2)n = 0.01.
. Take natural logarithms: In(0.01) = n /In(¥%).

. In(0.01) "H —4.605; In(¥2) "H —0.693.

. n=-4.605/-0.693 "H 6.64.

. Age = n x half life = 6.64 x 5,730 /yr "H 38,000 /years.
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Thus, the wood is roughly 38,000 /years old.

Common Mistakes and How to Avoid Them

¢ Confusing decay constants with half lives — Remember the inverse relationship: t¥2 = In(2)/;2a

» Neglecting units — Always keep track of seconds, minutes, hours, or years when converting between ;2 s&eB KOa

¢ Misidentifying decay products — Double check atomic and mass numbers to ensure the correct decay type.

 Ignoring decay chains — When multiple steps are involved, calculate each step sequentially rather than
assuming a direct conversion.

¢ Overlooking exponential decay — Use the decay equation N = NO /e—;-B “or continuous decay problems.

Tips for Mastering Radioactivity Problems



Visualize the Decay Process
Draw a simple diagram of the nucleus before and after decay. Label the emitted particle and the new element.
Visual aids help solidify the conceptual change.

Use Decay Equations Consistently

Start every problem with the standard exponential decay formula:
N = N<sub>0</sub> /e<sup>—;-CA+7W a
From this, derive the half life or remaining quantity as needed.

Check Units at Every Step
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