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The instructor and university reserve the right to modify elements of the course during the term. The university may 
change the dates and deadlines for any or all courses in extreme circumstances.  If either type of modification 
becomes necessary, reasonable notice and communication with the students will be given with explanation and the 
opportunity to comment on changes.  It is the responsibility of the student to check their McMaster email and course 
websites weekly during the term and to note any changes.  

2016-2017   

Med Phys 775 
ADVANCED RADIATION PHYSICS  

http://www.science.mcmaster.ca/medphys/courses.html  

(Term 1) 
 
   Lecture day & time: to be announced  
   Location: to be announced 

Soo-Hyun BYUN 
   TAB 208 
   soohyun@mcmaster.ca 
   Ext. 26329 

 
 
THE RADIATION FIELD:  
 Statistical description: ensembles, number density, phase space, space-momentum to space-energy 
co-ordinate transformation.  
 Field quantities: spectral irradiance or angular flux density spectrum, angular fluence spectrum, flux and 
fluence, current density.  
 Energy weighted quantities; angular intensity spectrum intensity, energy fluence, energy flow vector, 
vectorial energy fluence.  
 Relation between quantal field variables and macroscopic quantities.  
 
RADIATION INTERACTIONS WITH MATTER:  
 The double differential cross section; Born approximation, phase shifts, form factors.  
 Photon interactions: photoelectric cross-section, Rayleigh scattering, Compton scattering,  
incoherent scattering function, pair and triplet production.  
 Charged particle interactions: Rutherford scattering, inelastic scattering, generalized oscillator strengths, 
Bethe stopping power, Moller scattering, radiative stopping.  
 Neutron interactions: elastic scattering, partial wave analysis, inelastic scattering, charged particle 
production, radiative capture, moderation, lethargy.  
 
RADIATIVE TRANSPORT: 
 The Boltzmann equation: convection, sources, scattering kernel, decay in flight, continuous slowing down 
approximation.  
 The straight ahead approximation: source-free regions, solution for constant stopping power, equation for 
total fluence.  
 Point sources: equation in radial co-ordinates, direct angular fluence solution, method of successive 
scatterings.  
 Equilibrium: equilibrium situations, equilibrium photon fields, charged particle equilibrium spectrum in the 
continuous slowing down approximation.   
 The diffusion approximation: Legendre polynomial expansion, the diffusion equation, the diffusion 
constant, the transport cross section, the diffusion length, one-dimensional and point source solutions. 
 
DOSIMETRY:  
 Basic concepts: exposure, dose, linear energy transfer, quality factor, dose equivalent.   
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 Theoretical foundations: relationship between dose and energy flux, derivation of photon dose from 
Boltzmann equation in the single field approximation, kerma, the two-field equations, relation between 
kerma and dose, equilibrium.   
 Dose interrelations: exposure-fluence relation, dose-exposure relation, specific gamma constant, X-ray 
machine constant, charged particle dose, dose equivalent indices for photons and neutrons.  
 Interface dosimetry: solution to the surface problem in the straight-ahead approximation, depth-dose 
distribution, cavity theory, Brigg-Gray, Spencer-Attrix and Burlin formalisms. 
 Microdosimetry: LET distributions, event size, lineal energy, specific energy.  
 
 
EVALUATION:  
Assignments: 30%    Mid-Term Examination: 30%    Final Examination: 40%  
 
REFERENCES:  
1. Radiation dosimetry By: Attix, Frank H. Published: Academic Press, 1966-69. vol. 1-3. (for Radiation 
Interaction, Transport and Dosimetry parts)  
2. Radiation Physics for Medical Physicists By: Podgoršak, Ervin B. Published: Springer, 2006. (for 
Radiation Interaction part)  
3. Interaction of photons and neutrons with matter By: Sow-Hsin Chen, Michael Kotlarchy Published: World 
Scientific, 1997. (for Radiation Interaction part)  
4. Nuclear reactor analysis By: Duderstadt, James J. Published: Wiley, 1976. (for Radiation Transport part)  
5. Microdosimetry and its applications By: Rossi, Harald H. Published: Springer, 1996. (for Microdosimetry 
part)  
 
 
 
Academic Dishonesty 
 
Academic dishonesty consists of misrepresentation by deception or by other fraudulent means and can 
result in serious consequences, e.g. the grade of zero on an assignment, loss of credit with a notation on 
the transcript (notation reads: “Grade of F assigned for academic dishonesty”), and/or suspension or 
expulsion from the university. 
 
It is your responsibility to understand what constitutes academic dishonesty.  For information on the 
various kinds of a academic dishonesty please refer to the Academic Integrity Policy, specifically Appendix 
3, located at: 
http://www.mcmaster.ca/senate/academic/ac_integrity.htm 
 
The following illustrates only three forms of academic dishonesty: 

1. Plagiarism, e.g. the submission of work that is not one’s own or for which other credit has 
been obtained. 

 
2. Improper collaboration in group work.  Copying or using unauthorized aids in tests and 

examinations. 
 
 In this course we will be using a software package designed to reveal plagiarism.  Students will 
required to submit their work electronically and in hard copy so that it can be checked for academic 
dishonesty. 
 


