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	Audience description
	The module is intended for first-year undergraduate students who are pursuing degrees in technology education field or diploma holders upgrading to degree or any equivalent qualification recognized by OUK. This is the eighth module and cover the fundamental concepts radioactivity. You are motivated to learn the fundamentals of radioactivity to lay foundation for your future studies in technology field.

	Instructions to learners
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	Dear learners, welcome to the eighth module in basic physics.  You are expected to watch the videos lined up for you. You are also expected to read all book chapters and articles suggested for you. At the end of each video there are questions. Answer the questions to the best of your ability and post in your e-portfolio.

	Learning module description
	The module consists of four sections that cover the concepts of Types of radiation, radioactive Isotopes, radiation detection, and applications of Radioactivity
This module is designed to enable the learner to acquire necessary knowledge, skills, attitudes and competence that can be utilized in technology and instrumentation works. 
KEY CONCEPTS IN THIS MODULE ARE
1. The structure of the atom
2. Types of radioactive decay
3. Half-life
4. Radiation detection and measurement
5. Nuclear reactions
6. Health effects of radiation exposure
7. Environmental impact of radioactivity

	Module objectives:

	This module seeks to facilitate learning about: -
1. Radioactive decay 
2. Nuclear reactions 
3. Environmental impact of radioactivity
4. Radiation detectors 


	Module learning outcomes:


	By the end of the module, learner should be able to
1. Describe the three main types of radioactive decay 
2. Explain the applications of nuclear reactions 
3. Analyze environmental impact of radioactivity
4. Use radiation detectors to measure the amount of radiation emitted by a radioactive source.


	Planned Learning Resources
	1. [bookmark: _Hlk133125586]Online resources: Video lectures, interactive tutorials and educational websites
2. Case studies and real-world examples
3. Software and simulation tools such as LabVIEW, MATLAB, and Simulink
4. E-books, course textbooks, journal articles and learning modules

	ACTIVITY 1: INTRODUCTION
VIDEO 1: Pre-recorded lecture on topic emphasizing LEARNING OUTCOME 1:
 Factual knowledge.
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	Designer: - Develop a video with course facilitator narrating the following
Welcome to this video on radioactivity in physics. Radioactivity is a fascinating topic that involves the study of the behavior of radioactive materials, their properties, applications, and risks. In this video, we will provide you with a comprehensive overview of this topic and help you understand the key concepts and principles related to radioactivity.

Section 1: Basic Structure of the Atom
To start with, we will discuss the basic structure of the atom. We will explain the structure of the nucleus, the role of protons, neutrons, and electrons. We will also explain how the atomic number and mass number of an atom are determined.

Section 2: Types of Radioactive Decay
Next, we will dive into the three main types of radioactive decay: alpha, beta, and gamma decay. We will explain each type, the differences between them, and how they can be detected and measured.

Section 3: Half-Life
We will then explain the concept of half-life and how it relates to radioactive decay. We will provide examples of half-life calculations and their practical applications.

Section 4: Nuclear Reactions
We will then explore nuclear reactions, including fission and fusion, and their applications in nuclear power generation.

Section 5: Health Effects and Environmental Impact
In this section, we will discuss the health effects of radiation exposure and the importance of safety measures in handling radioactive materials. We will also explain the environmental impact of radioactivity, including its effects on living organisms and ecosystems.

Section 6: Radiation Detection and Measurement
We will end the video by explaining the different types of radiation detectors and how they are used to measure the amount of radiation emitted by a radioactive source.

Conclusion:
In conclusion, radioactivity is an exciting and important field of study in physics. Understanding the basic structure of the atom, the types of radioactive decay, half-life, nuclear reactions, health effects, and environmental impact of radioactivity, and radiation detection and measurement are crucial. By learning these concepts, you can apply the knowledge to various scientific and technological fields and make informed decisions about safety measures and environmental concerns related to radioactive materials.
Radioactivity 
Introduction:
Radioactivity is the spontaneous emission of radiation from unstable atomic nuclei. It is an essential topic in physics that has a broad range of applications and implications. In this lecture, we will explore the fundamental principles of radioactivity and provide an in-depth understanding of its properties and behavior.
Section 1: Basic Structure of the Atom
1.1 The Atom
An atom is the smallest particle of an element that retains the chemical properties of that element. Atoms consist of a positively charged nucleus at the center, surrounded by negatively charged electrons. The nucleus contains positively charged protons and neutral neutrons.
The electrons that orbit around the nucleus. The protons and neutrons determine the atomic number and mass number of the atom, respectively. Electrons are negatively charged and occupy energy levels or shells around the nucleus. The properties of elements are determined by the number of protons in their nuclei.
1.2 Atomic Number and Mass Number
The atomic number of an atom is the number of protons in its nucleus. The mass number of an atom is the total number of protons and neutrons in its nucleus.
Section 2: Types of Radioactive Decay
2.1 Radioactivity
Radioactivity is the spontaneous decay of an unstable atomic nucleus that emits radiation.
2.2 Alpha Decay
Alpha decay is the emission of an alpha particle from the nucleus, which consists of two protons and two neutrons.
Alpha decay reduces the atomic number by two and the mass number by four.
2.3 Beta Decay
Beta decay is the emission of a beta particle from the nucleus, which is an electron or positron.
Beta decay either increases or decreases the atomic number, depending on the type of beta decay, but the mass number remains the same.
2.4 Gamma Decay
Gamma decay is the emission of gamma rays from the nucleus, which are high-energy photons.
Gamma decay does not change the atomic number or mass number of the nucleus.
Section 3: Half-Life
3.1 Half-Life
Half-life is the time it takes for half of the radioactive nuclei in a sample to decay. Half-life is a characteristic property of a radioactive substance and is used to determine the rate of decay.
3.2 Half-Life Calculation
The half-life calculation formula is: N(t) = N(0) x (1/2)^(t/T1/2), where N(t) is the number of radioactive nuclei at time t, N(0) is the initial number of radioactive nuclei, and T1/2 is the half-life of the substance.
Section 4: Nuclear Reactions
Nuclear reactions involve changes in the nucleus of an atom.
Nuclear fission is the process by which a nucleus is split into two or more smaller nuclei, releasing a large amount of energy. Nuclear fusion is the process by which two or more nuclei combine to form a larger nucleus, releasing even more energy. Nuclear reactions have important applications in nuclear power generation, medical treatments, and research.
Section 5: Health Effects and Environmental Impact
Radioactive materials can have harmful effects on human health and the environment. The effects of radiation exposure depend on the type and amount of radiation received, as well as the duration and distance of exposure.
Radiation can cause cancer, genetic mutations, and other health problems. It is important to use safety measures and protective equipment when handling radioactive materials to minimize the risk of exposure. Radioactive materials can also have harmful effects on the environment, including effects on ecosystems and wildlife.
Section 6: Radiation Detection and Measurement
Radiation detectors are used to measure the amount of radiation emitted by a radioactive source.
Geiger counters, scintillation detectors, and ionization chambers are common types of radiation detectors. The amount of radiation emitted can be quantified using units such as the becquerel (Bq) and the curie (Ci).

	
	Watch the attached video and summarize the key points

https://www.youtube.com/watch?v=M0uw4ZNpqcI&ab_channel=ScienceABC

	ACTIVITY 2: READING
READING MATERIAL 1
([image: Shape

Description automatically generated with low confidence]
	Read the following book chapters and make a summary of the key points

"University Physics with Modern Physics" by Hugh D. Young and Roger A. Freedman
Chapter 30: Nuclear Physics and Radioactivity
Pages 1364-1389

"Physics for Scientists and Engineers: A Strategic Approach" by Randall D. Knight
Chapter 31: Nuclear Physics
Pages 1128-1149



	ACTIVITY 3:  Comprehension questions:
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Answer the following questions
1. Define radioactivity and explain the difference between alpha, beta, and gamma radiation.
2. What is the half-life of a radioactive element? How can it be used to determine the age of a substance?
3. Describe the process of nuclear fission and give an example of an application that uses it.
4. How does radiation exposure affect the human body? What are some measures that can be taken to protect against radiation?
5. Explain the difference between a nuclear reaction and a chemical reaction.
6. What are the differences between nuclear fusion and nuclear fission? Provide an example of an application that uses nuclear fusion.
7. Describe the process of radioactive decay and explain how it affects the stability of an atom.
8. What is the significance of the mass-energy equivalence in nuclear reactions?
9. How are radioactive isotopes used in medical imaging and cancer treatment?
10. Explain the concept of background radiation and provide examples of natural and artificial sources.


	LEARNING OUTCOME 2: Conceptual knowledge


ACTIVITY 4: Video to be used.

	Watch the attached video on half life and note key points learnt

https://www.youtube.com/watch?v=IDkNlU7zKYU&ab_channel=FuseSchool-GlobalEducation 


	CASE 1:
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	Case: -
An example of radioactivity in the real world the use of nuclear power to generate electricity.

Nuclear power plants generate electricity by harnessing the energy released from the fission of radioactive isotopes such as uranium-235. Inside a nuclear reactor, uranium-235 atoms are bombarded with neutrons, causing them to split apart and release energy in the form of heat. This heat is then used to generate steam, which drives a turbine and produces electricity.

Nuclear power is a controversial topic, with concerns around safety, waste disposal, and the potential for nuclear accidents. However, it is also a significant source of clean energy, with low greenhouse gas emissions and the potential to reduce reliance on fossil fuels.



	[bookmark: _Hlk131239802]ACTIVITY 5: READING MATERIAL 
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	Writes a blog for other learners to respond.
Task:
You are tasked to research the physics behind nuclear power generation. This should include an explanation of how nuclear reactors work, the physics of nuclear fission, and the safety measures in place to prevent accidents and manage nuclear waste. Additionally, you should investigate the environmental impact of nuclear power, including the potential for nuclear accidents and the challenges of nuclear waste disposal. Finally, you should evaluate the current state of research in this field and suggest potential areas for further investigation and improvement.

	ACTIVITY 6: ONLINE DISCUSSION
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	Designer: - Create a discussion forum
Discuss the following questions and highlight the key takeaways 
1. What are the different types of radioactive decay and how do they differ?
2. What is the half-life of a radioactive isotope and how is it calculated?
3. How is radioactivity used in medical applications such as cancer treatment or imaging?
4. What are the potential dangers and benefits of using radioactivity in different fields?
5. What are some misconceptions about radioactivity and how can we address them?
6. How can we ensure the safe handling and disposal of radioactive materials?
7. What are some emerging technologies or research areas related to radioactivity that may have implications for the future?

	 LEARNING OUTCOME 3: PRACTICAL SKILLS
VIDEO 3: 
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	Watch the following video on practical demonstration of radioactivity. Give a summary of key concepts learnt

https://www.youtube.com/watch?v=V-UtgheMNNU&ab_channel=JamJarMMX

	
ACTIVITY 7: Learner practice sessions
	A practical task on radioactivity 

You are required to familiarize with a virtual lab simulation that simulates the detection and measurement of radiation using a Geiger-Müller (GM) tube.

Materials needed:

Access to an online virtual lab simulation that simulates the detection and measurement of radiation using a GM tube.
Computer or laptop with internet access
Optional: Headphones for hearing the clicks generated by the GM tube
Steps:

· Access the online virtual lab simulation and familiarize yourself with the interface and tools provided.
· Follow the instructions provided to calibrate the GM tube and set up the experimental parameters.
· Use the simulation to detect and measure radiation from a simulated radioactive source.
· Record the readings and analyze the data.
· Calculate the dose rate and/or the count rate of the radiation detected.
· Compare the experimental results with the expected values for the source being used.
· Discuss the factors that affect the count rate, such as distance, shielding, and type of radiation.
· Evaluate the potential risks and safety precautions when handling radioactive sources.

This practical task provides you with an interactive and immersive learning experience in measuring and detecting radioactivity, as well as an understanding of the properties and behaviors of radioactive isotopes. It also promotes critical thinking and problem-solving skills in analyzing and interpreting experimental data, and encourages discussions around the safe handling and disposal of radioactive materials

	ASSESSMENT OF PRACTICAL SKILL:

	Records the practical task and uploads video on E-Portfolio


	LEARNING OUTCOME 4: KEY/TRANSFERABLE SKILLS
	Read the following book chapters and summarize the key points

Knoll, G. F. (2010). Radiation Detection and Measurement (4th ed.). John Wiley & Sons.

Chapter 5: Scintillation Detector Principles (pages 178-231)
Chapter 6: Semiconductor Detector Principles (pages 232-278)
Chapter 7: Photomultiplier Tubes (pages 279-322)
Chapter 8: Signal Processing in Radiation Detectors (pages 323-377)

	ACTIVITY 8
	Task: - Essay 

Title: The Importance of Understanding Radioactivity in the Modern World

Instructions: In this essay, you will explore the topic of radioactivity and its significance in the modern world. Your essay should address the following questions:

1. What is radioactivity, and what are the different types of radiation?

2. What are the key principles of radiation protection and safety, and why are they important?

3. What are the applications of radioactivity in fields such as medicine, industry, and research, and what are the benefits and risks associated with these applications?

4. What are the current challenges and future directions for research and development in the field of radioactivity?

Your essay should be well-researched and supported with evidence from reputable sources, such as scientific journals and textbooks. Your essay should also demonstrate critical thinking and analysis, and should be structured with clear and concise paragraphs that are well-organized and logically connected. Be sure to use appropriate citations and references in accordance with a recognized citation in APA style. 


	QUIZZ: 
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	Read the attached chapter and highlight key points

"Principles of Physics" by Raymond A. Serway and John W. Jewett
Chapter 30: Nuclear Physics and Radioactivity
Pages 1211-1237

	TAKE HOME MESSAGE
	
state a take home message from your learning experience in this module.

	Reference list
	Reference textbooks
Young, H. D., & Freedman, R. A. (2016). University physics with modern physics (14th ed.). Pearson.

Knight, R. D. (2016). Physics for scientists and engineers: A strategic approach (4th ed.). Pearson.

Serway, R. A., & Jewett, J. W. (2018). Principles of physics (5th ed.). Cengage Learning.
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