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Assessment Details

Duration: 45 minutes Total Marks: 100

Topics Covered:

• Radioactive Decay
• Nuclear Reactions
• Half-life
• Types of Radiation

Instructions to Students:

1. Read all questions carefully before attempting.
2. Show all working out - marks are awarded for method.
3. Calculator use is permitted except where stated otherwise.
4. Write your answers in the spaces provided.
5. If you need more space, use the additional pages at the end.
6. Time management is crucial - allocate approximately 1 minute per mark.
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Section A: Multiple Choice [20 marks]

Question 1 [2 marks]

What is the primary process by which unstable atoms lose energy?

A) Nuclear Fission B) Nuclear Fusion

C) Radioactive Decay D) Ionization

Question 2 [2 marks]

A radioactive sample has a half-life of 10 years. If you start with 100 grams of the sample, how much will
be left after 20 years?

A) 25 grams B) 50 grams

C) 75 grams D) 100 grams

Question 3 [2 marks]

Which of the following types of radiation has the highest penetrating power?

A) Alpha particles B) Beta particles

C) Gamma rays D) X-rays
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Section B: Short Answer Questions [30 marks]

Question 4 [10 marks]

Describe the difference between alpha, beta, and gamma radiation in terms of their composition and
penetration power.

Question 5 [10 marks]

A certain radioactive isotope has a half-life of 5 years. If initially, there are 200 grams of this isotope,
calculate the amount left after 10 years. Show your work.

Question 6 [10 marks]

Provide an example of how radioactive decay is used in medicine. Explain the process and its benefits.
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Section C: Essay Question [50 marks]

Question 7 [50 marks]

Discuss the role of radioactive decay in the field of nuclear power generation. How does the process of
nuclear fission contribute to electricity production? What are the advantages and disadvantages of using
nuclear power?
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Additional Space for Answers
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Nuclear Reactions and Stability

Nuclear reactions involve changes to the nucleus of an atom, which can result in the emission or absorption of radiation. The stability
of a nucleus is determined by the strong nuclear force, which holds the protons and neutrons together, and the electrostatic repulsion
between the positively charged protons. Understanding nuclear reactions and stability is crucial for applications in nuclear power,
medicine, and industry.

Example: Nuclear Fission

Nuclear fission is a process in which the nucleus of an atom splits into two or more smaller nuclei, releasing a large amount of energy
in the process. This process is used in nuclear power plants to generate electricity. The most commonly used fissile materials are
uranium-235 and plutonium-239.

Case Study: Chernobyl Nuclear Disaster

The Chernobyl nuclear disaster was a catastrophic event that occurred in 1986 at the Chernobyl Nuclear Power Plant in Ukraine. The
disaster was caused by a combination of human error and design flaws, resulting in a massive release of radioactive material into the
environment. The disaster highlighted the importance of safety measures and regulations in the nuclear industry.

Radiation Protection and Safety

Radiation protection and safety are critical aspects of working with radioactive materials. Radiation can cause harm to living
organisms, and exposure to high levels of radiation can be lethal. Understanding the principles of radiation protection and safety is
essential for workers in the nuclear industry, medical professionals, and researchers.

Example: Radiation Shielding

Radiation shielding is a technique used to reduce exposure to radiation. Shielding materials, such as lead or concrete, are used to
absorb or block radiation, preventing it from reaching people or sensitive equipment. The choice of shielding material depends on the
type and energy of the radiation.

Case Study: Radiation Protection in Medical Imaging

Medical imaging techniques, such as X-rays and CT scans, use ionizing radiation to produce images of the body. Radiation protection
is essential in medical imaging to minimize exposure to patients and staff. Techniques such as shielding, collimation, and dose
reduction are used to minimize radiation exposure.

Applications of Radioactive Decay

Radioactive decay has numerous applications in various fields, including medicine, industry, and research. Understanding the
principles of radioactive decay is essential for developing new technologies and treatments.

Example: Radioisotope Therapy

Radioisotope therapy is a medical treatment that uses radioactive isotopes to treat cancer and other diseases. The radioactive
isotopes are designed to target specific cells or tissues, delivering a high dose of radiation to the affected area while minimizing
exposure to healthy tissue.

Case Study: Carbon Dating
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Carbon dating is a technique used to determine the age of organic materials. The technique is based on the radioactive decay of
carbon-14, which is present in all living organisms. By measuring the amount of carbon-14 in a sample, researchers can calculate its
age.

Environmental Impact of Radioactive Decay

Radioactive decay can have significant environmental impacts, particularly in the event of a nuclear accident or the disposal of
radioactive waste. Understanding the environmental impacts of radioactive decay is essential for developing strategies to mitigate its
effects.

Example: Nuclear Waste Disposal

Nuclear waste disposal is a critical issue in the nuclear industry. Radioactive waste must be stored and disposed of in a way that
prevents environmental contamination and exposure to humans. Techniques such as geological disposal and transmutation are
being developed to manage nuclear waste.

Case Study: Fukushima Daiichi Nuclear Disaster

The Fukushima Daiichi nuclear disaster was a catastrophic event that occurred in 2011 at the Fukushima Daiichi Nuclear Power Plant
in Japan. The disaster was caused by a tsunami that damaged the plant's cooling systems, resulting in a release of radioactive
material into the environment. The disaster highlighted the importance of robust safety measures and emergency preparedness in
the nuclear industry.

Regulations and Safety Standards

Regulations and safety standards are essential for ensuring the safe use of radioactive materials and preventing accidents.
Understanding the regulations and safety standards is crucial for workers in the nuclear industry, medical professionals, and
researchers.

Example: Radiation Safety Regulations

Radiation safety regulations are designed to protect workers and the public from the risks associated with radiation exposure.
Regulations include limits on radiation exposure, requirements for radiation monitoring, and guidelines for radiation safety training.

Case Study: International Atomic Energy Agency (IAEA) Safety Standards

The IAEA is an international organization that develops and promotes safety standards for the peaceful use of nuclear energy. The
IAEA safety standards provide a framework for ensuring the safe use of radioactive materials and preventing accidents.

Future Directions and Emerging Technologies

The field of radioactive decay is constantly evolving, with new technologies and applications being developed. Understanding the
future directions and emerging technologies is essential for researchers, policymakers, and industry professionals.

Example: Advanced Reactor Designs

Advanced reactor designs, such as small modular reactors and Generation IV reactors, are being developed to improve safety,
efficiency, and cost competitiveness. These designs incorporate new materials and technologies to enhance performance and reduce
waste production.

Case Study: Nuclear Fusion Research
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Nuclear fusion research is focused on developing a new source of energy that is safe, sustainable, and virtually limitless. Fusion
reactions involve the combination of atomic nuclei to release energy, and researchers are working to develop materials and
technologies to harness this energy.
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Section A: Multiple Choice [20 marks]

Question 1 [2 marks]

What is the primary process by which unstable atoms lose energy?
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A radioactive sample has a half-life of 10 years. If you start with 100 grams of the sample, how much will
be left after 20 years?
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Section B: Short Answer Questions [30 marks]

Question 4 [10 marks]

Describe the difference between alpha, beta, and gamma radiation in terms of their composition and
penetration power.

Question 5 [10 marks]

A certain radioactive isotope has a half-life of 5 years. If initially, there are 200 grams of this isotope,
calculate the amount left after 10 years. Show your work.
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Provide an example of how radioactive decay is used in medicine. Explain the process and its benefits.
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Section C: Essay Question [50 marks]

Question 7 [50 marks]

Discuss the role of radioactive decay in the field of nuclear power generation. How does the process of
nuclear fission contribute to electricity production? What are the advantages and disadvantages of using
nuclear power?
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