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CHE1126H – Principles of Radiation Interaction and Protection Winter 2022 

Outline 

This course discusses radiation, the interaction of radiation with matter including biological 

material, and aspects of radiation protection. Topics include radiation, radioactivity, dosimetry, 

the interaction of ionizing radiation with matter, neutron radiation damage to nuclear materials, 

radiation chemistry, the health effects of radiation, and radiation shielding. The course is of interest 

to chemical, biomedical, and nuclear engineering students. 

Syllabus 

TOPIC DESCRIPTION 

1 Ionizing radiation and dosimetry 

The types and sources of radiation, including electromagnetic radiation, ionizing 

radiation, dosimetry, and units of radiation. 

2 Atomic nucleus and radioactivity 

The structure of the atomic nucleus, nuclide stability, radioactivity, types of 

radioactive decay: �, �, positron emission, ��, ��, delayed particle emission. 

3 Interaction of gamma and x-ray radiation with matter 

Photon propagation, linear and mass attenuation coefficients, photon interaction 

mechanisms with matter, secondary electrons, and bremsstrahlung. 

4 Interaction of charged particles with matter 

Bethe formula for linear energy transfer, stopping power, and range of electrons, 

protons, and heavy ions.  

5 Radiation damage to nuclear materials 

Types of crystal defect, atom displacement by neutrons, displacement spikes, 

temperature and pressure spikes, neutron radiation damage. 

6 Radiation chemistry 

Physical, physicochemical, and chemical effects of the interaction of ionizing 

radiation with water; radical formation and chemical reactions; radiation yield. 

7 Biological effects of radiation 

Effect of ionizing radiation on biological cell, relative biological effectiveness 

and related units of radiation, direct and indirect damage to DNA, health effects. 

8 Radiation Protection 

Shielding of neutron, gamma, and beta radiation using empirical methods. 

Secondary radiation and the buildup factor. Shielded dose calculations. 
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Evaluation 

 Problem sets 20% 

 Midterm 30% 

 Examination 50% 

Timetable 

 TBD 

Prerequisites 

No specific science or engineering background is required, although students are expected to have 

basic knowledge of mathematics, physics, and chemistry. CHE1126H is a technical course taught 

at a level appropriate for graduate engineering students.  

Instructor 

 (Dr.) Julian Lebenhaft, P.Eng. julian.lebenhaft@utoronto.ca  


