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BHARATHIAR UNIVERSITY, COIMBATORE 641 046, TAMIL NADU 

UNIVERSITY DEPARTMENT 

 

M. Sc. MEDICAL PHYSICS (2 YEARS) 
 
 

REGULATIONS-2019 
 

(For the candidates admitted from the academic year 2019-20 onwards) 
 
 

CHOICE BASED CREDIT SYSTEM (CBCS) 
 
 
 
 

VISION 
 
 

To produce professionally competent Medical Physicists and qualified Radiological 

Safety Officers (RSO) to the nation through effective teaching along with clinical exposure and 

translational research programs. 

 
 

MISSION 
 
The mission of the Department is to 

 Train Medical Physics professionals to ensure utmost quality patient care.




 Provide excellent learning opportunities and educate in a variety of Medical Physics 

oriented disciplines including radiology, radiation oncology, nuclear medicine and 

radiobiology. Provide sound understanding that would be the best starting point for 

advances in medical physics and related technology.




 Provide outstanding training in Medical Physics service for the safe and effective 
delivery of cutting edge radiotherapy treatments and medical imaging.




 Our research mission is to develop better methods and technologies for the 

personalized diagnosis and treatment of cancer disease focusing on radiation based 

approaches in medical imaging, radiation oncology, and image guided intervention
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Programme Objectives (PO) for M.Sc. Medical Physics 
 

 

On completion of M.Sc., Medical Physics, the students are expected to 
 

PO1: Possess knowledge on Radiation Physics, Diagnostic radiology, Radiotherapy, Radiation 
 

Detection, Radiation Dosimetry, Radiation Biology, and Radiation Safety as 

recommended by the Atomic Energy Regulatory Board (AERB), Mumbai. 
 
PO2: Demonstrate the working knowledge of Diagnostic radiology, Radiotherapy, Radiation 
 

detection, Radiation dosimetry, Radiation biology, and Radiation safety. 
 

PO3: Exhibit skills in handling GM counters, Gamma ray spectrometer, analyze the sources, 

determine  linear  and  mass  attenuation of sources,  optically stimulated  luminescence 
 

dosimetry, Treatment Planning System, LINAC, and QA tools. 
 

PO4: Have domain knowledge in electronic components, computing skills  using MATLAB, 

MATHEMATICA, and STATISTICA and analyze the results obtained in radioactive 
 

counting, medical imaging or therapy. 
 

PO5: Learning step by step quality assurance/quality control procedures in medical imaging 
 

equipment and radiation therapy. 
 

PO6:  Categorize  proper  application  of  dosimetry  and  its  instruments  in  medical  imaging, 
 

radiation treatment or radiation dose delivery. 
 

PO7: Gain skills on clinical aspects of radiation oncology with necessary knowledge in anatomy, 
 

pathology, site specific signs, symptoms, diagnosis and management. 
 

PO8: Understand the issues of managing a safety programme as mentioned by regulatory bodies 
 

including legal aspects, ethical and cultural aspects. 
 

PO9:  Distinguish  imaging  techniques  based  on  the  demonstration  of  live  blood  perfusion 
 

imaging in nuclear medicine through PET-CT, SPECT and Gamma Camera. 
 

PO10: The applicators insertion of radioactive implants directly into the tissue during appropriate 
 

brachytherapy treatment for cervical cancer and prostate cancer. 
 

PO11: Show readiness with comprehended knowledge of emergency response required for the 
 

industry, medical appliances, licensees, inspection, and enforcement. 
 

PO12: Awareness of radiation safety and protection standards at national and international level. 
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Eligibility for Admission 
 

 

A candidate who has passed B.Sc., degree (first class) in Physics with 

Mathematics and Chemistry as Ancillary subjects. 

 
 
 

 

Programme Educational Objectives (PEO) 
 
 

 

Post graduates of Medical Physics (M.Sc.) course will be 
 

PEO1: Disseminating their knowledge acquired through the state-of-the art radio therapeutic 

techniques and medical imaging for providing and ensuring safety treatment for the 

needy human. 
 
PEO2: Imparting their expertise earned through experiential learning towards the effective 

treatment of cancer patients with a team work and leadership skill to excel in their 

profession. 
 
PEO3: As medical physicist/radiation safety officers they could achieve continuous improvement 

in their professional career and advanced technologies in health care through lifelong 

learning, appreciating human values with professional ethics. 
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CURRICULA AND SYLLABI 

 

S. COURSE 
CATEGORY 

 
COURSE TITLE 

CONTACT 
L T P C 

 

NO CODE 
 

HOURS/wk 
 

        
 

           
 

    SEMESTER – I      
 

           
 

1 1C1 Core- 1 Radiological Physics 5 5 0 0 4 
 

           
 

2 1C2 Core- 2 
Radiological Mathematics and 

5 5 0 0 4 
 

Statistical Analysis 
 

        
 

           
 

3 1C3 Core- 3 Radiation Detection and Measurement 5 5 0 0 4 
 

           
 

3 1C4 Core- 4 Radiation Generators 5 5 0 0 4 
 

           
 

4 1E1, 1E2 Elective- 1 
Electronics and Instrumentation (or) 

3 3 0 0 3 
 

Non-Ionizing Radiation Physics 
 

        
 

           
 

   Atomic, Molecular, and Nuclear      
 

5 1E3, 1E4 Elective- 2 
Physics 

3 3 0 0 3 
 

(or) 
 

        
 

   Biomedical Instrumentation      
 

           
 

6 1P1 Practical- 1 Radiation Instrumentation Lab 4 0 0 4 2 
 

           
 

   Total 30/30 26 0 4 24 
 

        
 

7 1S1 
Supportive offered to students of other Departments 

2 2 0 0 2 
 

Course Name: Diagnostic Radiology  

       
 

           
 

    SEMESTER – II      
 

         
 

1 2C1 Core- 5 Applied Anatomy and Physiology 5 5 0 0 4 
 

         
 

2 2C2 Core- 6 Medical Imaging Technology 5 5 0 0 4 
 

         
 

3 2C3 Core- 7 External Beam Radiation Therapy 5 5 0 0 4 
 

         
 

4 2C4 Core- 8 Radiation Standards 5 5 0 0 4 
 

         
 

   Numerical and Computational      
 

   techniques      
 

5 2E1, 2E2 Elective- 3 (or) 5 5 0 0 4 
 

   Developments in Micro and      
 

   Nanodosimetry      
 

         
 

   Solid State Physics      
 

6 2E3, 2E4 Elective- 4 (or) 3 3 0 0 3 
 

   Biological Dosimetry      
 

         
 

7 2P2 Practical- 2 Medical Physics Lab I 6 0 0 6 3 
 

         
 

   Total 34/36 28 0 6 26 
 

         
 

8 
SRT  SUMMER TRAINING 2 0 0 2 1 

 

          
 

        
 

9 2S2 
Supportive offered to students of other departments 

2 2 0 0 2 
 

Course Name: Radiotherapy for Cancer  
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SEMESTER – III 

 

1 3C1 Core- 9 Radiation Dosimetry and Calibration 5 5 0 0 4 
 

         
 

2 3C2 Core- 10 Radiation Biology 5 5 0 0 4 
 

         
 

3 3C3 Core- 11 Recent advances in Radiotherapy 5 5 0 0 4 
 

         
 

4 3C4 Core- 12 
Quality Assurance for Diagnostic and 

5 5 0 0 4 
 

Therapeutic Equipment 
 

        
 

         
 

5 3C5 Core- 13 Radiation Protection 5 5 0 0 4 
 

         
 

6 3C6 Core- 14 
Radiation Hazards Evaluation and 

5 5 0 0 4 
 

Control 
 

        
 

         
 

7 3P3 Practical- 3 Medical Physics Lab II 6 0 0 6 3 
 

         
 

   Total 36/36 30 0 6 27 
 

         
 

   SEMESTER – IV      
 

         
 

1 4C1 Core- 15 Nuclear Medicine 5 5 0 0 4 
 

         
 

2 4C2 Core- 16 Advanced Radiation Dosimetry 5 5 0 0 4 
 

         
 

3 4MP Project Project 8 0 0 8 4 
 

         
 

   Total 18/30 10 0 8 12 
 

         
 

 

Kind attention: In addition to the above, all the students have to complete one online course 

from MOOC/ SWAYAM/ NPTEL/ Coursera/ e- Pathshala etc., as in the following examples 

before the end of the third semester to earn 2
*
 extra credits. 

 

List of MOOC courses from SWAYAM/ NPTEL/ Coursera/ e- Pathshala 

https://swayam.gov.in/course/3729-laser-fundamentals-and-applications 
https://nptel.ac.in/noc/noc_courselist.php?id=115 

https://www.coursera.org/learn/quantum-optics-single-photon 
https://epgp.inflibnet.ac.in/ahl.php?csrno=1174 

https://www.edx.org/learn/life-sciences 

 

 TOTAL NUMBER OF CREDITS = 90 + 2
*
 

Abbreviations  

L – Lecture in hours/ week T – Tutorial in hours/ week 

P – Practical/ field work in hours/ week C – Number of credits 

Prepared by Approved by 

Dr. C. S. Sureka The Chairman and members of BOS 

  

 5 | 58 

file:///C:\Users\Dr.C.S.Sureka\Desktop\Syllabus%20preperation%202019\Radiation%20Dosimetry%20and%20Calibration.docx
file:///C:\Users\Dr.C.S.Sureka\Desktop\Syllabus%20preperation%202019\Radiation%20Biology.docx
file:///C:\Users\Dr.C.S.Sureka\Desktop\Syllabus%20preperation%202019\Recent%20Advances%20in%20Radiotherapy.docx
file:///C:\Users\Dr.C.S.Sureka\Desktop\Syllabus%20preperation%202019\Radiological%20Protection.docx
file:///C:\Users\Dr.C.S.Sureka\Desktop\Syllabus%20preperation%202019\Radiation%20hazards.docx
file:///C:\Users\Dr.C.S.Sureka\Desktop\Syllabus%20preperation%202019\Radiation%20hazards.docx
file:///C:\Users\Dr.C.S.Sureka\Desktop\Syllabus%20preperation%202019\Medical%20Physics%20Lab%20II.docx
file:///C:\Users\Dr.C.S.Sureka\Desktop\Syllabus%20preperation%202019\Nuclear%20Medicine.docx
file:///C:\Users\Dr.C.S.Sureka\Desktop\Syllabus%20preperation%202019\Advances%20in%20Radiation%20Dosimetry.docx
file:///C:\Users\Dr.C.S.Sureka\Desktop\Syllabus%20preperation%202019\Mini%20project.docx
https://swayam.gov.in/course/3729-laser-fundamentals-and-applications
https://nptel.ac.in/noc/noc_courselist.php?id=115
https://www.coursera.org/learn/quantum-optics-single-photon
https://epgp.inflibnet.ac.in/ahl.php?csrno=1174
https://www.edx.org/learn/life-sciences


 

 

M.Sc. Medical Physics- 2019-20 onwards-UD                                            Annexure No:61A 

Page 6 of 58                                                                                     SCAA Dated: 09.05.2019 

 

DISTRIBUTION OF MARKS 
 

A. THEORY  

1. Continuous Internal Assessment (CIA)  

 Internal Test (Average of best two test performance) : 10 Marks 

 Model Examination : 5 Marks 

 Assignment (Average of the two submitted) : 5 Marks 

 Seminar, Quiz and e-assessment : 5 Marks 

 Total : 25 Marks 

2. End Semester Examination : 75 Marks 

 Marks required for End Semester Examination : 37.5 Marks 

 Marks (CIA + Semester) required for earning the credits : 50 Marks 

B.  LABORATORY  

1. Continuous Internal Assessment (CIA)  

 Average of marks awarded for the experiments done  

 During regular Laboratory hours : 25 Marks 

2. Final Comprehensive Examination  

 For the experiments carried out during the final examination : 65 Marks 

 Marks awarded for the record note book : 10 Marks 

 Total : 100 Marks 

 Marks required for earning the credits : 50 Marks 

C. PROJECT  

 Continuous Internal Assessment (CIA) (30 %) : 60 

 Evaluation of the Project report by External examiner and  

 Supervisor (40 %) : 80 

 Viva Voce examination by the Supervisor and  

 the External Examiner (30 %) : 60 

 Total : 200 Marks 

 Marks required for earning the credits : 100 Marks  
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PATTERN OF QUESTION PAPER FOR END SEMESTER EXAMINATION 

 

Maximum Marks: 75 Duration: 3 Hours 

 

Part A - Answer all questions (10 Questions x 1 Mark = 10 Marks) 

 

2 questions from each unit. 
 

 

Part B - Answer all questions- (Internal choice- either or type)  
(5 Questions x 5 Marks = 25 Marks) 

 

One set of question from each unit. 
 

 

Part C - Answer all questions- (Internal choice- either or type)  
(5 Questions x 8 Marks = 40 Marks) 

 

At least one question from each unit. Weightage of the unit may also be taken into consideration. 
 
 
 
 
 
 
 
 
 
 
 

 

Prepared by 

 
 
 
 
 
 
 
 
 
 
 
 

 

Approved by 
  

Dr. C. S. Sureka 
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SEMESTER I  
 

Radiological Physics 

 

Course Objectives 

The learning objectives of this course is to understand  

 electromagnetic spectrum

 radiation sources, types and its properties

 radiation Quantities and Units used in the industry
 interaction of indirectly ionizing radiation with matter and its effects

 interaction of directly ionizing radiation with matter and its effects

  
Course Code: 1C1  
L T P C  
5 0 0 4 

 

 

Unit I: Electromagnetic spectrum (8 h)  
Production, properties and classification of electromagnetic radiation- Different sources of 
radiation - radio waves, microwaves, infrared, visible, ultra violet radiation, X and Gamma rays-
production, physical properties and their interaction with tissues. 

 

Unit II: Radioactivity (8 h)  
Radioactivity - General properties of alpha, beta and gamma rays - Laws of radioactivity - Half 
life and Average Life- Laws of successive transformations - Natural radioactive series -  
Radioactive equilibrium - Alpha ray spectra - Beta ray spectra - Gamma emission - Electron 
capture - Internal conversion - Nuclear isomerism - Artificial radioactivity. 

 

Unit III: Radiation Quantities and Units (10 h) 

Radiometric quantities: Activity, exposure, Particle flux, fluence, fluence rate– Energy flux and  
energy fluence- Interaction Quantities: Linear and mass attenuation coefficients, Mass energy 

transfer and mass energy absorption coefficients, Stopping power, Mass Stopping Power and 

LET- Dosimetric Quantities: Exposure, Absorbed Dose, Kerma, Terma, Charged particle 

equilibrium (CPE) – Relationship between Kerma, absorbed dose and exposure under CPE - 

Radiation chemical yield - W value- Radioactivity Units: Becquerel & Curie, exposure units - 

C/kg & Roentgen, Gray & Rad, Sievert & Rem. 

 

Unit IV: Interaction of indirectly ionizing radiation with Matter (10 h)  
Interaction of electromagnetic radiation with Matter: Exponential attenuation - Thomson 
scattering - Photoelectric and Compton process and energy absorption - Pair production - 
Attenuation and mass energy absorption coefficients - Relative importance of various processes.  
Interaction of neutrons with matter: Classification of neutrons, neutron sources, slow and fast 

neutron interactions, microscopic and macroscopic interaction cross section, charged particle 
emission, - radiative capture and its significance in radiation dose to humans – elastic and 

inelastic scattering- Neutron induced nuclear reactions- neutron induced activation –fission – 
Neutron attenuation. 

 

Unit V: Interaction of directly ionizing particles with matter (12 h)  
Interaction of charged particles with matter: Classical theory of inelastic collisions with atomic 

electrons - Energy loss per ion pair by primary and secondary ionization - Dependence of collision 

energy losses on the physical and chemical state of the absorber - Cerenkov radiation - Electron  
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absorption process – Scattering, Excitation and Ionization - Radiative collision – 
Bremmstrahlung- Continuous slowing down approximation (CSDA) - transmission and depth 
dependence methods - Range energy relation - Back scattering.  
Interaction of heavy charged particles: Energy loss by collision - Range energy relation - Bragg 
curve – Spread out Bragg Peak (SOBP) - Specific ionization - Bethe Bloch Formula. 

 

Reference Books 

1. Radiation Physics in Radiology, Oliver R., Blackwell Science Ltd; 1
st

 Edition (1966). 
2. Radiation Physics for Medical Physicists, E.B.Podgarsak, Springer Verlag, 1st Edition 

(1996).  
3. The Physics of radiology, H.E.Johns and Cunningham, Charles C Thomas Publishers, 1

st
 

edition (1984).  
4. Radiation Oncology Physics: Handbook for Teachers and Students, E.B.Podgarsak, 

IAEA, Vienna, 1
st

 Edition (2005). 
5. Christensen’s introduction to the Physics of diagnostic radiology, Curry, T.S.Dowdey and 

J.E.  Murry,R.C , Philadelphia, Lea & Febiger , 4
th

 Edition (2005). 
 

Course Outcomes 

On successful completion of the course, the students will be able to 

CO1 - explain different types Electromagnetic Radiation and their sources/properties.  
CO2 - explain different types of Radiation, their sources/properties. 

CO3 - radiation Quantities and Units.  
CO4 - physics aspects of Interaction of indirectly ionizing radiation with matter. 

CO5 - interaction of directly ionizing radiation with matter and its effects inside a living object. 

 

Course prepared by  
Dr. S. Harikrishna Etti 

 
 

Course approved by The Chairman 

and members of BOS  
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Radiological Mathematics and Statistical Analysis 
Course Code: 1C2 

 

L T P C  

 
 

 5 0 0 4 
 

 

Course Objectives  
 To expose the students to learn the different types of probability, measures of central 

tendency and their mathematical properties.
 Variation, moments etc to be provided to understand the deviation and distribution of 

data.
 To provide the correlation and regression analysis to find the relation between two sets of 

data.
 To teach various types of statistical distribution and uses for small to very large sampling 

sizes.

 To understand the methods of counting and their usage in medical fields.
 

Unit I: Probability, Statistics and Measure of central tendency (10 h)  
Probability - addition and multiplication laws of probability, conditional probability, population 

variates - collection, tabulation and graphical representation of data. Basic ideas of statistical 

distributions, frequency distributions, and measures of central tendency-arithmetic mean, 
Mathematical properties of mean, median, mode, Geometrical mean, Harmonic Mean, 

Mathematical properties of Geometrical mean, Harmonic Mean, relationship among the 
averages, General limitation of average. 

 

Unit II: Measure of variation (10 h)  
Objectives of measuring Variation, Properties of a good measure of variation, Method of 

studying variation- The range, mean deviation, standard deviation/root mean square deviation, 
Variance, Absolute and relative measures of variation, Coefficient of variation, Merits and 
limitations of standard deviation. Skewness, moments and kurtosis. 

 

Unit III: Correlation and Regression analysis. (8 h)  
Correlation, Types of correlation, Methods of ascertaining correlation - Scatter diagram, Karl 
Pearson's coefficient, Rank method, merits and limitations of all methods, Regression, 
Difference between correlation and regression, Regression coefficient, calculation of regression 
coefficients. 

 

Unit IV: Sampling Distribution (10 h)  
Uncertainty calculations, error propagation, time distribution between background and sample, 
minimum detectable limit. Binomial distribution, Poisson distribution, Gaussian distribution, 

exponential distribution - additive property of normal variates, confidence limits, applications of 

Bivariate distribution, Chi-Square distribution, F- distribution, t-distribution- overview of 
biostatistical tools- reference styles, reference manager, citation manager. 

 

Unit V: Counting statistics (10 h)  
Statistics of nuclear counting - Application of Poisson's statistics - Goodness-of-fit tests - Lexie's 
divergence coefficients Pearson's chi-square test and its extension - Random fluctuations, - 
Evaluation of equipment performance - Signal-to-noise ratio Efficiency and sensitivity of  
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radiation detectors - Statistical aspects of gamma ray and beta ray counting - Special 
considerations in gas counting and counting with proportional counters - Statistical accuracy in 
double isotope technique- Sampling and sampling distributions - confidence intervals. 
Hypothesis testing and errors- Regression analysis- Linear regression: Examples and exercises. 

 

Reference Books  
1. F. E. Croxton, Elementary statistics with applications in medicine and the biological 

sciences, Dover, New York, 1st Edition, 1959.  
2. G. Dahlberg, Statistical Method of Medical &Biology students, G. Allen & Unwin Ltd, 

London,2nd Edition, 1948.  
3. S.P.Gupta, Statistical methods, Sultan Chand & Sons Educational publishers, New Delhi 

44
th

 Edition, 2014. 

4. W. Band, Introduction to Mathematical Physics, Van Nostrand Reinhold Inc. U.S., 1st 
Edition, 1959.  

5. S.P. Gupta, Statistical methods Sultan Chand & Sons, 2012. 

 

Course Outcomes  
CO1 - Choose the correct probability for medical treatment, and correct measure of central 
tendency for practical applications.  
CO2 - Gain knowledge on deviations and distribution of data from measures of central tendency. 
CO3 - Students able to make an analysis of two set of data and calculate unknown one from 
known set of data.  
CO4 - Choose the particular distribution function for particular the sampling size.  
CO5 - Gain adequate knowledge and working principle of the Gamma ray, Beta ray counting 
methods and medical statistics. 

 

Prepared by  
Dr. S. Vijayakumar 

 
 

Approved by  
The Chairman and members of BOS 
 

 
 
 
 

 

Radiation Detection and Measurement  

 

Course Objectives 
 

 To understand  the technical  know- how  of  all  the radiation  
detectors used for cancer diagnosis, treatment, and radiological safety.  

 To provide a thorough knowledge about the principle of various radiation detectors, 
monitors and dosimeters.  

 To learn about the working of radiation instruments used in advanced radiation therapy. 

 To understand the applications and uses of radiation safety devices.  
 To understand the various factors behind the measurement of radiation and analysis of 

data.  
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Unit I: Gas Filled detectors (12 h)  
Basic principles of radiation detection - Gas Filled detectors - Ionization chambers, - Theory and 

design - Construction of condenser type chambers and thimble chambers - Gas multiplication - 

Proportional and GM Counters – basic detection mechanism, types of radiation detected, mode 

of operation, different variants of detectors (e.g. sealed, flow type, high pressure, multi-wire, 

position sensitive) - Types of instruments which uses gas filled detectors – radiation dosimeters, 

survey meters, contamination monitors - Cylindrical, plane parallel, spherical and well-type 

ionization chambers, Extrapolation chamber- Dead time and recovery time. 

 

Unit II: Solid state detectors (14 h)  
Scintillation detectors: Advantages of scintillation detectors, properties of ideal scintillator, basic 
electronic blocks in scintillation detector setup. Radiation detection mechanism of organic and 
in-organic scintillators, Characteristics of organic and inorganic counters -types of scintillators 
for various applications.  
Semiconductor detectors and its application for gamma spectrometry, Diode and MOSFET 

dosimeters - Chemical dosimeters- Radiographic Film: Components of radiographic film, 
principle of image formation on film, double and single emulsion film, sensitometeric parameters 

of film (density, speed, latitude etc.) and Radio chromic films - Thermo luminescent Dosimeters 

(TLD) – Optically stimulated Luminescence dosimeters (OSLD) - Radiophoto luminescent 
dosimeters (RPLD).  
Neutron Detectors: Slow Neutron Detection and Fast Neutron Detection methods- Nuclear track 
emulsions for fast neutrons - Solid State Nuclear track (SSNTD) detectors - Neutron detection by 

activation, Self powered neutron detectors (SPND), BF3, 
3
He, Bubble detectors. Calorimeters - 

New Developments (direct ion storage (DIS), radio chromic films, diamond detectors etc). 

 

Unit III: Radiation Measuring & Monitoring Instruments (7 h)  
Dosimeters based on condenser chambers - Pocket chambers - Dosimeters based on current 

measurement - Different types of electrometers – MOSFET - Diode Detectors, Semi-conductor 

Detectors., Vibrating condenser and Varactor bridge types - Secondary standard therapy level 

dosimeters - Farmer type Dosimeters: Thimble chambers and Parallel-plate chambers - 

Properties of Farmer-type chambers like sensitivity, energy dependence, stem effect, and 

influence of temperature and pressure, bias voltage, direction dependence – reference and field-

level chambers – small volume chambers for RFA -– Radiation field analyzer (RFA) - 

Radioisotope calibrator - Multipurpose dosimeter (used in Diagnostic Radiology) - Water 

phantom dosimetry systems - Brachytherapy dosimeters – well type chamber-Isotope calibrators-

Thermo luminescent dosimeter readers for medical applications - Calibration and maintenance of 

dosimeters. 

 

Unit IV: Instruments for personnel and area monitoring (7 h)  
Instruments for personnel monitoring - TLD badge readers – Personnel Monitoring film 
densitometers – OSLD readers - Glass dosimeter readers – Working principle of Digital pocket 
dosimeters using solid state devices and GM counters –  
Instruments for area monitoring: Portable and fixed area monitors, beta-gamma zone monitor, 

survey meters, Gamma area (Zone) alarm monitors –wide range survey instrument- Teletector. 
Contamination monitoring instruments for portable contamination monitor, alpha, beta and 

gamma radiation detection- Hand and Foot monitors –Whole Body counter, Portal Monitors -  
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Scintillation monitors for X and gamma radiations - Neutron area Monitors, Tissue equivalent 

survey meters - Flux meter and dose equivalent monitors - neutron personnel monitors-Properties 

of survey meters and personal monitors (Sensitivity, energy dependence, directional dependence, 

discrimination between different types of radiation, Uncertainties in their measurements, etc.). 
 

 

Unit V: Nuclear medicine instruments (8 h)  
Instruments for counting and spectrometry - Portable counting systems for alpha and beta 

radiation - Gamma ray spectrometers –Single and Multichannel Analyzer– HPGe- Liquid 
scintillation counting system (Organic/Inorganic)- RIA counters – Whole body counters - Air 

Monitors for radioactive particulates and gases. 
 

 

Reference Books  
1. Glenn E Knoll, Radiation Detection and Measurement, Third Edition, John Wiley & 

Sons, Inc, 2000.  
2. Nicholas Tsoulfanidis, Measurement and Detection of Radiation, 2

nd
 Edition, Taylor and 

Francis, 1995.  
3. Radiation Oncology Physics: A handbook for teachers and students, International Atomic 

Energy Agency (IAEA), 2005.  
4. P. J. Ouseph, Introduction to Nuclear Radiation Detectors, 1

st
 Edition, Library of 

Congress Cataloging in Publication Data, 1975.  
5. Fabio Sauli, Gaseous Radiation Detectors: Fundamentals and applications, Cambridge 

University press, 2014. 
 

 

Course Outcomes 
 

On successful completion of the course students will be able to: 
 

CO1- be familiar with an updated fundamental knowledge, technological advancements 
and potential applications of radiation detectors. 

 

CO2- gain information on the latest advances in radiation detectors, which is a powerful 
tool needed for cancer diagnosis, treatment, radiation safety, and in industry. 

 

CO3- learn about radiation instruments available for research and the scope for 
further research. 

 

CO4 - acquire knowledge on radiation safety and personal monitoring devices. 
 

CO5- measure radiation precisely and interpret their results accurately with 
statistical significance. 

 
 Course prepared by Course approved by  

 
 

Dr. C. S. Sureka The Chairman and members of BOS 
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Radiation Generators  
 

Course objectives 

 To learn the construction and working of different types of 
particle accelerators.  

 To learn the construction of X-ray generator used in Diagnostic radiology.  
 To learn the construction and working of various equipment used in external beam 

therapy.  
 To learn the construction and working of various equipment used in Brachytherapy.  
 To learn the radioisotopes produced from the above equipment and their medical 

applications. 

 

Unit I: X-ray Generators (10 h)  
Discovery - Production - Properties of X-rays - Characteristics and continuous spectra - Design 

of hot cathode X-ray tube - Basic requirements of medical diagnostic, therapeutic and industrial 

radiographic tubes - Rotating anode tubes - Hooded anode tubes - Rating of tubes –standard 

exposure charts, Limitations on loading Safety devices in X-ray tubes - Insulation and cooling of 

X-ray tubes –Design requirements for x-ray equipment, Faults detection in X-ray equipment 

such as pitting of anode, filament evaporation etc., - Types of x-ray units (Fixed radiography, 

CT, Interventional radiology, C-Arm, Mammography, Bone Mineral Densitometer, dental X-ray 

units etc.,). 

 

Unit II: Particle Accelerators (12 h)  
Particle accelerators for industrial, medical and research applications - The Resonant transformer 
Cascade generator - Van De Graff Generator - Pelletron - Betatron - Synchro- Cyclotron- Linear 

Accelerator - Klystron and magnetron - Travelling and Standing Wave Acceleration - Microtron 
- Electron Synchrotron-Proton synchrotron- Hadron (proton/carbon ion) accelerators.  
Working principle of Cyclotron and charged particle accelerators, Applications of cyclotrons in 
medicine, Types of Cyclotrons: self-shielded and unshielded (in-bunker) and locally shielded. 

Beam transport systems - Beam delivery systems- Energy slits – degrader - Ridge filter - Range 
Shifter - Uniform and Pencil beam scanning systems-beam dump- Auxiliary equipment and their 

safety significance: vacuum pumps, RF-power, magnet power supply; cooling system, control 
software and programs used for medical cyclotron operation. 

 

Unit III: External beam therapy (EBRT) equipment (10 h)  
Working principles of Telecobalt, Gammaknife, Linear Accelerator, Cyber Knife, Tomotherapy, 

Intra Operative Radiotherapy & Proton/carbon ion Therapy. Components of beam delivery 
mechanism such as target, flattening filter, scattering foil, bending magnet, monitor chamber, 

Collimator jaws, MLC, micro MLC and other systems specific to various types of equipment. 
Safety interlocks in beam delivery process. Source design and classification- beam collimation 

and penumbra - trimmers and breast cones used in telecobalt unit. 

 

Unit IV: Brachytherapy equipment (8 h)  
Definition and classification of brachytherapy techniques - surface mould, intracavitary, 
interstitial and intraluminal techniques. Dose rate considerations and classification of 
brachytherapy techniques - Low dose rate (LDR), high dose rate (HDR) and pulsed dose rate  
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(PDR). Afterloading techniques - Advantages and disadvantages of manual and remote 
afterloading techniques. 

 

Unit V: Radiation Sources and their Medical Applications (8 h)  
Radiation sources - Natural and artificial radioactive sources - Large scale production of isotopes 

Reactor produced isotopes ( 
60

Co, 
192

Ir, 
99

Mo etc.,) - Cyclotron produced isotopes (
18

F, 
13

N, 
15

O, 
11

C)- Fission products (
137

Cs, 
99

Mo, 
131

I, 
90

Sr )–Teletherapy sources– Requirement for  

brachytherapy sources - Description of radium and radium substitutes - 
137

Cs, 
60

Co, 
192

Ir, 
125

I 

and other commonly used brachytherapy sources. Beta ray applicators – ophthalmic applicators 

(
90

Sr,
125

I, 
106

Ru etc.,) Thermal and fast neutron sources (
241

Am-Be, 
252

Cf etc.,). 
 

Reference Books 

1. F. M. Khan, The Physics of Radiation therapy, 3
rd

 Edition, LIppincott Williams & 
Wikins, Philadelphia, 2003.  

2. H. E. John and J. R. Cunningham, Physics of Radiology, 4
th

 Edition, (Charles C 
Thomas Pub. Ltd,. 1983.  

3. W. R. Hendee, Medical Radiation Physics, Year Book Medical Publishers Inc., London, 
2003.  

4. Thomas S. Curry, James E. Dowdey, and Robert E. Murry, Christensen's Physics of 

Diagnostic Radiology, 4
th

 Edition, 1990.  
5. E. J. N. Wilson, An Introduction to Particle Accelerators, 1st Edition, Oxford, 2001. 

 

Course outcome 

CO1- Knew about the different types of particle accelerators and their medical applications.  
CO2- Learnt to operate the X-ray generator used in Diagnostic radiology. 

CO3- Learnt to operate the equipment used in external beam therapy.  
CO4- Learnt to operate the equipment used in Brachytherapy.  
CO5- Know about the radioisotopes produced from particle accelerators for external 

beam therapy and Brachytherapy. 

 

Course prepared by 

Dr. C. S. Sureka 

 
 

Course approved by 

The Chairman and members of BOS  
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Electronics and Instrumentation  
 

Course Objectives 

 To give the fundamental concepts of p-n junction, diode, bipolar 
and unipolar transistors  

 To study the op amp and its applications. 

 To teach the Boolean equations and data processing circuits. 

 To study the data storage in different types of Flip-flops, and understand the Counters.  
 To provide the fundamental knowledge of microprocessor along with the electric 

accessories for X-Ray tubes. 

 

Unit 1: Diode and Transistor (7 h)  
Semiconductors, Bonds in semiconductor, Classification of semiconductors, semiconductor 
diode - Half-wave rectifier, Centre -Tap full-wave rectifier, Full wave bridge rectifier, Bipolar 
junction transistors - CB connection and characteristics CE connection and characteristics - JFET  
– MOSFET. 

 

Unit 2: Operational amplifier (7 h) 

Integrated Circuits - Operational amplifiers (Op- Amp) and their characteristics, the ideal op- 
 

 

Amp - Commo n mode rejection ratio (CMMR), Differential Amplifier - Operational amplifier 

systems – Op-Amp Applications -Addition, subtraction, Integration and Differentiation - 
Voltage-to-current converter, Current-to-voltage converter, Logarithmic amplifier. 

 

Unit 3: Digital Electronics - data processing (7 h) 

Logic gates - Boolean algebra - Boolean laws – De-Morgans theorem - Sum-of-Products method  
– Product of sum method - Multiplexers, 16 - 1 Multiplexer, Nibble multiplexer, De-multiplexer, 
1 - 16 de-mutiplexer circuits - Decoder, BCD to Decimal decoders 1 of 16 decoder, Seven 
segment decoders - Encoder, Decimal to BCD encoder. 

 

Unit 4: Digital Electronics - Flip-flops and counters (7 h) 

Types of Flip Flops: RS, Clocked RS, D-Flip Flop, Edge-triggered D Flip flop – J K Flip flop -  
Master slave JK Flip flop, Counters: Ripple counters - up, down and up-down ripple counters - 
Asynchronous and synchronous counters. 

 

Unit 5: Diagnostic X-ray units (8 h)  
Filament and high voltage transformers - High voltage circuits - Condenser discharge apparatus - 
Three phase apparatus - Voltage doubling circuits - Current and voltage stabilizers - Automatic 

exposure control - Automatic Brightness Control- Measuring instruments for Measurement of 
kV and mA - timers - Control Panels - Complete X-ray circuit - Image intensifiers and flat panel 

detectors - Computed Radiography and Digital Radiography Systems - Modern Trends. 

 

Reference Books  
1. A.P. Malvino and D.P. Leach, Digital Principles and Applications, Tata McGraw-Hill 

Publishing Co, New Delhi, 1st Edition, 1996.  
2. Santanue Chattopadhyay, A text book of Electronics, New Central Book Agency, 

Kolkata, 2006.  
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3. Jacob Millman, and Christos C. Halkias, Integrated Electronics Mcgraw-Hill Kogakusha. 
LTD.  

4. A.B. Bhattacharya, Electronic Principles and Applications, New Central Book Agency, 
Kolkata, 1st Edition, 2007.  

5. Chinmoy Saha, A. Halder, and D. Ganguly, Basic Electronics: Principles and 
Applications, 1st Edition, 2018. 

 

Course Outcomes  
CO1 - Understand the usage of various semiconductor based components/devices for 
constructing electronic circuits.  
CO2 - Able to understand the important of Op-amp IC and its applications  
CO3. To know functioning of various logic gates and fundamentals of digital electronics. CO4- 

Capable of how the digital data is stored and counted in CPU using flip-flops in counters. CO5 - 
Explain the concepts, and various electric accessories of X-ray tubes, moreover X-ray generators 

for therapeutic applications 

 

Prepared by  
Dr. S. Vijayakumar 

 
 

Approved by  
The Chairman and members of BOS 
 

 
 

 

Non-Ionizing Radiation Physics 
    

 

Course Code: 1E2  

 
 

 L T P C 
 

 3 0 0 3 
 

Course Objectives 

The learning objectives of this course is to understand 

 Fundamentals of Non-ionising Radiation (NIR)  physics

 Various Tissue Optics techniques
 Mediphotonics and its applications

 Radio Frequency and Microwave  applications

 

Unit I : Fundamentals of Non-ionising Radiation physics (9 h) 

Elctromagnetic spectrum - Different sources of Non Ionising radiation-their physical; properties- 
 

 

first law of photochemistry-Law of reciprocity- - Electrical Impedance and Biological 
Impedance- Principle and theory of thermography – applications. 

 

Unit II: Applications of optical radiation (9 h)  
Introduction to optical radiations - UV, visible and IR sources - Lasers: Theory and mechanism-
Lasers in Surgery - fluence measurement from optical sources - Optical properties of tissues – 
interaction of laser radiation with tissues– photothermal -photochemical – photoablation – 
electromechanical effect 

 

Unit III: Lasers in Medicine (9 h)  
Lasers in medicine-applications of Ultrafast pulsed Lasers -Lasers in dermatology, oncology and 
cell biology - Lasers in blood flow measurement - Fiber optics in medicine - microscopy in  
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medicine - birefringence - Fluorescence microscope - confocal microscope - Hazards of lasers 
and their safety measures. 

 

Unit IV: Radio Frequency and Microwave in Medicine (9 h)  
Production and properties- interaction mechanism of RF and mirocwaves with biological 
systems :Thermal and non-thermal effects on whole body, lens and cardiovascular systems: 
Thermal and non-thermal effects on whole body, lens and cardiovascular systems –tissue 
characterization and Hyperthermia and other applications 

 

Unit V Ultrasound in Medicine (9h) 

 

Production, properties and propagation of ultrasonic waves - Bioacoustics – Acoustical 
characteristics of human body- Ultrasonic Dosimetry - High power ultrasound in theraphy – 

Ultrasound cardiography (UCG) – Doppler effect -Double doppler shift – doppler systems - 
ultrasonic tomography -applications of ultrasound in medicine. 

 

Course Outcomes 

On successful completion of the course, the students will be able to  
CO1 - Explain different types Non-ionizing radiation and its properties and applications. 

CO2 - Explain different Application of optical properties of NIR in tissues.  
CO3 - Applications of Laser in Medicine. 

CO4 – Applications of Radio Frequency and Microwave in Medicine.  
CO5 - Applications of Ultrasound in Medicine. 

 

Reference Books  
1. J. P. Woodcock, Ultrasonic, Medical Physics Handbook series 1, Adam Hilger, Bristol, 

2002.  
2. J. R. Greening, Medical Physics, North Holland Publishing Co., New York, 1999.  
3. R. Pratesi and C. A. Sacchi, Lasers in Photo medicine and Photobiology, Springer 

Verlag, West Germany, 1980.  
4. Harry Moseley, Hospital Physicists' Association, Non-ionizing radiation: microwaves, 

ultraviolet, and laser radiation, A. Hilger, in collaboration with the Hospital Physicists' 
Association, 1988.  

5. Markolf H. Neimz, Laser-Tissue Interactions, Springer Verlag, Germany, 1996. 
 

 

Prepared by  
Dr. S. Harikrishna Etti 

 
 

 

Approved by  
The Chairman and members of BOS  
 

 
 
 
 
 
 
 
 
 
 
 

 

18 | 58 



 

 

M.Sc. Medical Physics- 2019-20 onwards-UD                                            Annexure No:61A 

Page 19 of 58                                                                                     SCAA Dated: 09.05.2019 

 
 

Atomic, Molecular and Nuclear Physics  
 

 

Course Objectives 

 

To study/understand; 

  
Course Code: 1E3  
L T P C  
3 0 0 3 

 

 the physics of various atomic models and their relative merits/demerits in explaining the 
properties of matter.

 the physics of absorption and emission spectra and the action of LASER.

 the nature of nuclear force and the basic characteristics of nuclei.

 the various hypothetical models regarding the structure of the nucleus.

 the mechanism of disintegration of nuclei and energy production

 

Unit 1: Atomic Physics (6 h) 

Thomson’s Model - Rutherford Model – Bohr’s Model of Hydrogen atom, Limitations  –  
Sommerfeld model  –  Bohr’s  Correspondence  Principle –  Davison- Germer Experiment – 

Uncertainity Principle  – Phase and Group velocities  - Hydrogen Spectrum– Stern-Gerlach  
Experiment – Electron spin, Gyromagnetic Ratio – Spin-Orbit Interaction (Fine Structure). 

 

Unit 2: Molecular Spectra (8 h) 

Angular Momentum; L-S Coupling, J-J Coupling, Hund Rules – Zeeman Effect (Normal  
& Anomalous) – Charecteristic X-ray Spectrum –Raman Effect: Theory, Characteristics and 
Applications – Absorption and emission of radiation by Matter – Einstein’s coefficients, 
Conditions for stimulated emission – Methods of Population Inversion- Components of laser– 
Typical Lasers: Ruby, He-Ne. 

 

Unit 3: Properties of Nuclei and Nuclear Force (6 h)  
Isotopes, Isobars, Isotones and Mirror Nuclei – Nuclear Density and Binding Energy – 

Binding Energy and Stability – Mass Defect and Packing Fraction – Nuclear Size, Spin, Energy 

Levels and Magnetic Moment – Nuclear Parity – Nuclear Forces – Ground State of Deuteron – 
Wave Equation for Deuteron and its Solution – Central Force and Non-Central Tensor Force – 

Exchange Forces; Yukawa Model and estimation of Mass of Meson. 

 

Unit 4: Nuclear Models (6 h) 

Liquid  Drop  Model;  Semi-empirical  Mass  Formula  –  Mass  Parabola:  Prediction  of  
Stability against β-decay – Spontaneous Fission: Stability Limits – Potential Barriers for Fission  
–Stability Limits – Shell Model; Salient features – Predictions of Shell Model – Collective 
Model. 

 

Unit 5: Radioactive Disintegration and Nuclear Reactions (10 h)  
Radioactivity – α-particles; Geiger-Nuttal Law, Gamow Theory of α-decay, β-decay: 

Determination of β-energy, Properties of Neutrino – Non-conservation of Parity – γ-rays; Origin, 
γ-ray Spectrum, Interaction with Matter – Energy of γ-rays – Nuclear reactions; Types, 

Conservation Laws – Q-Values, Q-equation and its Solution – Nuclear Reactor; Construction 
and types – Nuclear Fusion; Natural Fusion, Controlled Fusion.  
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Reference Books 

1. A.B. Gupta, Modern Atomic and Nuclear Physics, Books and Allied (P) Ltd. 2
nd

 Edition, 
2012. 

2. S. N. Ghoshal, S. Chand, Nuclear Physics 1
st

 Edition, 1997. 
3. S. B. Patel, Nuclear Physics: An Introduction, New Age International, New 

Delhi, 2
nd

 Edition, 2011.  
4. K. S. Krane, & D. Halliday,Introductory Nuclear Physics, John Wiley & Sons, New 

York, 1
st

 Edition, 2008.  

5. D.C. Tayal, Nuclear Physics., Himalaya Publishing House, 2
nd

 Edition, 2009. 
 
Course Outcomes  
On successful completion of the course, the students will be able 
to CO1 - know about various atomic models  
CO2 – identify the significance of Spectra and lasers in exploring the material 
properties. CO3 - understand the nature of nuclear force 

CO4 – know about various nuclear models  
CO5 - understand how to exploit nuclear energy produced through various nuclear reactions. 
 

 

Prepared by  
Prof. P. Christopher Selvin 
 
 
 
 
 
 

 

Biomedical Instrumentation  
 

Course objectives 

 To understand the different potentials and equivalent circuits for 
medical treatment.  

 To know the fundamental concepts, functioning and applications of physiological 
devices.  

 To teach the importance of clinical and operation theatre equipment. 

 To provide the knowledge of telemetry system and protection. 

 To study the modern technologies used in the biomedical instrumentation. 

 

Unit I: Bioelectric Signal Recording (9 h)  
Bioelectric potentials – resting and action potentials – half cell potentials- Surface, needle and 
micro electrodes, electrical equivalent circuits. 

 

Unit II: Physiological Assist Devices (9 h) Cardiac pacemakers – natural and artificial 
pacemakers-pacemaker batteries-defibrillator-  
A.C./D.C synchronized defibrillator – stimulators – bladder stimulators – heart lung machine 
various types of oxygenators- kidney machine – hemodialysing units – peritoneal dialysis.  
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Unit III: Clinical and Operation Theater Equipment (9 h)  
Flame photometer – Spectroflurophotometer – pH meters – Audiometer – Endoscopes – 
Electromagnetic and laser blood flow meters – ventilators – diathermy units – ultrasonic, 
microwave diathermy techniques. 

 

Unit IV: Biotelemetry and Safety Instrumentation (9 h)  
Design of a biotelemetry system, radiotelemetry with subcarrier – multiple channel telemetry 

systems- problems in implant telemetry – uses of biotelemetry – physiological effects of 50Hz 

current – microshock and macroshock – electrical accidents in hospitals – devices to protect 
against electrical hazards. 

 

Unit V: Advances in Biomedical Instrumentation  
Computers in medicine, Lasers in medicine, Endoscopes, Cryogenic Surgery, Nuclear imaging 

techniques, Computer tomography, Thermography, Ultrasonic imaging systems, Magnetic 

resonance imaging, Digital substraction angiography, Biomaterial and sensors, Automated drug 

delivery system. 

 

Reference Books  
1. M.Arumugam, Biomedical Instrumentation, Anuradha Publishing 

Co.,Kumbakkonam, Tamilnadu 1992.  
2. Jacobson and Webster, Medicine and Clinical Engineering, Prentice Hall of India, 

New Delhi, 1979.  
3. R.S.Khandpur, Handbook of Biomedical Instrumentation, Tata McGraw Hill, New Delhi, 

1990.  
4. Richad Aston, Principles of Biomedical Instrumentation and measurements, Merrill 

Publishing Co., London, 1990.  
5. R. S Khandpur, Handbook of Analytical Instruments, Mc Graw Hill, Education. 

 

Course outcomes  
CO1 - Understand the different potentials and equivalent circuits for medical treatment 
CO2 - Get the prior knowledge of fundamental concepts, functioning and applications 
of physiological devices 

CO3 - Study the importance of clinical and operation theatre equipment.  
CO4 - Able to handle the telemetry system and protect from the emergency. 

CO5 -.Understand the technologies and model trends used in the biomedical instrumentation. 

 

Prepared by  
Dr. S. Vijayakumar 

 
 

Approved by  
The Chairman and members of BOS  
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Radiation Instrumentation Lab 

    
 

Course Code: 1P1 
 

 L T P C 
 

 0 0 4 2 
  

List of Practical (Any 10) 
 

1. Measure the energy resolution of the Gamma ray spectrometer. 

2. Identify unknown gamma source using the Gamma ray spectrometer.  
3. Verification of inverse square law and to find the hidden source using PDS 100GN 

survey meter  
4. Estimation of efficiency of the alpha counting system.  
5. Calibrate the Optical Stimulated Luminance Dosimeter (OSLD) and find the unknown 

dose.  
6. Measure the range and energy of beta particles by feather analysis using the GM counter.  
7. Measure the attenuation coefficients of various materials using the GM counter. 

8. Measure HVL of various materials using the GM counter  
9. Find the resolving time of a GM counter 

10. Study the characteristics of a GM tube.  
11. Quality assurance in X- ray generator. 

12. Radiation survey in X- ray generator.  
13. Determination of half value thickness using the X- ray generator.  
14. Calibration of radio chromic film and find the unknown dose. 

 
 

Outcome 
 

CO1- Understood the construction and working of Gamma ray spectrometer and its 

inbuilt software to identify the unknown gamma emitting isotope. 
 
CO2- Understood the principle and working mechanism of G.M Counter. 
 

CO3- Understood the plateau and resolving time of a GM Counter and its applications. 
 

CO4- Learnt the practical knowledge of determination of HVT. 
 

CO5- Learnt to measure the efficiency of a radiation detection system. 
 

CO6- Understood the practical method of statistics of radioactive counting. CO7- Verified 

Inverse Square Law using low activity sources and Polymaster survey meter. CO8- Learnt to 

use OSLD as in-vivo dosimeter to measure entrance and exit dose received by 
 

the cancer patients. 
 

CO9- Leant all the quality assurance procedures in Radiography unit. 
 

CO10- Leant to use radiochromic film to get 2D dose distribution. 
 

 

Course prepared by 

 
 

 

Course approved by 
 

Dr. C. S. Sureka 
 
The Chairman and members of BOS  
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SUPPORTIVE COURSE 

 

Diagnostic Radiology 

 
 

Course Code: 1S1 
 

 L T P C 
 

 2 0 0 2 
  

Course objectives 

 To learn the basics of radiation used for cancer diagnosis and treatment.

 To understand the difference among radiations used for various applications.

 To aware of the causes of cancer and possible diagnostic modalities.

 

Unit 1: Radiation and Cancer (12 h) 

Radiation: Definition, electromagnetic spectrum- ionization- types of radiation- Radiation 

quantities and units: absorbed dose, equivalent dose, effective dose- Interaction of radiation with  
matter: Photoelectric effect- sources, properties and hazards of ionizing radiation- biological 
effects- applications of radiation- radiation safety principles.  
Cancer: Definition, carcinogenic agents, types, stages, organization of body, genes responsible 
for cancer, treatment efficacy, and medical ethics. 

 

Unit 2: Diagnostic imaging modalities (12 h)  
Radiology in Cancer diagnosis: History, working principle, equipment, mode of diagnosis and 
safety in Radiography - Digital Radiography, Fluoroscopy – Computed Tomography – Magnetic 
Resonance Imaging (MRI) - Mammography- Gamma camera and PET. 

 

Reference Books  
1. Herman Cember and Thomas E. Johnson, Introduction to Health Physics, McGraw-Hill 

Education / Medical; 4
th

 Edition, 2008. 
2. Momna Hejmadi, Introduction to cancer biology, 2nd edition, 2010. 

3. The Physics of radiology, H.E.Johns and Cunningham, Charles C Thomas Publishers, 1
st

 
Edition, 1984.  

4. Radiation Physics in Radiology, Oliver R., Blackwell Science Ltd; 1
st

 Edition, 1966.  
5. Curry, T.S., Dowdey, J.E., Murry, R.C., Christensen’s introduction to the physics of 

diagnostic radiology, Philadelphia: Lea & Febiger, 4
th

 Edition, 1990. 
 
Course outcome 

CO1- Gained knowledge about ionizing and non-ionizing radiations.  
CO2- Learnt the basics of cancer. 

CO3- Understood the basic principle of radiology. 

 

Note: Course material would be provided. 

 

Prepared by  
Dr. C. S. Sureka and Dr. S. Harikrishna Etti  

 
 

Approved by  
The Chairman and members of BOS 
 

 
 
 
 
 
 

23 | 58 

https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Herman+Cember&search-alias=books&field-author=Herman+Cember&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&text=Thomas+E.+Johnson&search-alias=books&field-author=Thomas+E.+Johnson&sort=relevancerank


 

 

M.Sc. Medical Physics- 2019-20 onwards-UD                                            Annexure No:61A 

Page 24 of 58                                                                                     SCAA Dated: 09.05.2019 

 

SEMESTER II 

 

Applied Anatomy and Physiology 

 
 

Course Code: 2C1 
 

Course Objectives 
L T P C 

 

5 0 0 4 
  

 To study skin, Lymphatic, Bone and muscular systems. To learn

about nerves, endocrine, cardiovascular, respiratory and digestive systems.
 To identify different organs/structures on plain X-rays, CT-scan and other available 

imaging modalities. To distinguish normal anatomy from abnormalities and 
understand tumour pathology and carcinogenesis.

 To know the importance of Radiation therapy, Surgery, Chemotherapy and Harmone 
therapy. To understand the basis of immunotherapy and radionuclide therapy for 
benign and malignant disease.

 To identify site specific symptoms in Head and Neck, Breast, Gynecological 
and Gastro-Intestinal tract.

 To recall principles of professional practice and medical terminology. To 
understand ethical and cultural issues, legal aspects and confidentiality.

 

Unit 1: Structure & function of organs, systems & their common diseases (10 h) 

Skin,  Lymphatic  system,  Bone  and  muscle,  Nervous,  Endocrine,  Cardiovascular, 

Respiratory, Digestive (Gastro-Intestinal), Urinary, Reproductive, Eye and ear.  

Unit 2: Basic, Radiographic anatomy and tumor pathology (10 h)  
Anatomy of human body, nomenclature & Surface anatomy, Radiographic Anatomy 

(including cross sectional anatomy – Identify the different organs/structures on plain x-rays, CT 

scans and other available imaging modalities. Normal anatomy & deviation for abnormalities. 

Tumor pathology and carcinogenesis, common pathological features of cancers and 
interpretation of clinico-pathological data. 

 

Unit 3: Clinical aspects of Radiation Oncology (10 h)  
Benign and malignant disease, Spread of malignant disease, Staging and grading systems, 

Treatment intent - Curative & Palliative, Different modalities of cancer management (e.g. 
Radiation Therapy, Surgery, Chemotherapy), Hormone Therapy, Immunotherapy, Radionuclide 

therapy. Patient management on treatment - side effects related to radiation and dose - Acute & 
Late effects - Monitoring and common management of side effects. 

 

Unit 4: Site specific signs, symptoms, diagnosis and management (10 h) 

Head and Neck, Breast, Gynecological, Gastro-Intestinal tract, Genito-Urinary, Lung & 

Thorax, Lymphomas & Leukemias & Other cancers including AIDS related cancers.  

Unit 5: Professional aspects and role of medical physicists (8 h) 

General  patient  care  -  Principles  of  professional  practice  –  Medical  terminology  – 

Research & professional writing – patient privacy – Ethical & cultural issues- Legal aspects –  
Confidentiality, informed consent, Health and safety.  
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Reference Books 

1. Normal Radiation Anatomy, Meschan, WB Sunders Company, 8
th

 Edition, 1969. 

2. Hollinshead Text Book of Anatomy, Cornelius Rosse,  LWW, 5
th

 Edition,  1997. 

3. Anatomy and Physiology, Rod R. Seely, Mcgraw-Hill College , 5
th

 Edition, 1999. 
4. Pat Archer MS ATC LMP, Lisa A. Nelson BA AT/R LMP, Applied Anatomy and 

Physiology for Manual Therapists, Published by Lippincott Williams & Wilkins, USA, 
2012.  

5. Ian Peate, and Muralitharan Nair, Fundamentals of Anatomy and Physiology– For 
Nursing and Healthcare Students, 2nd Edition, John Wiley & Sons publisher, 2016. 

 

Course Outcomes  
On successful completion of the course, the students will be able to 
CO1 - familiar with structure and function of Organs, systems etc..,  
CO2 - recollect common pathology features of cancers and interpretation of 

clinico-pathological data. 

CO3 - understand cancer prevention and public education and early detection and screening.  
CO4 - recollect professional aspects and role of Medical Physicists. 

CO5 - know the management of side effects related to radiation and dose. 

 

Course prepared by Course approved by  
Dr. M. Nagarajan The Chairman and members of BOS 
 
 
 

 

Medical Imaging Technology 

 

Course Objectives 

The learning objectives of this course is to understand the 

 physical principle and components of Radiography

 conventional radiography techniques

 physics of Image detectors
 computed Tomography(CT), MRI and Ultrasound Imaging
 advances in Diagnostic radiology

 
 
 
 
 
 
Course Code: 2C2  
L T P C  
5 0 0 4 

 

 
Unit I: Medical Imaging Fundamentals (8 h)  
Production of X-rays, Bremsstrahlung- characteristics lines- Interactions of X-rays with human 

body, differential absorption of x-ray beam, limitations of projection imaging technique Viz. 
superimposition of overlying structures and scatter, Contrast media and projections at different 

angles - superimposition of overlying structures, spatial frequency, spatial image formation, 
formation of radiological (latent) image and its visualization. 

 

Unit II: Principles of Diagnostic Radiology (10 h)  
Physical Principle of Diagnostic Radiology- Radiography techniques: objectives of radio-
diagnosis- factors affecting image quality- patient dose versus image quality- Prime factors 
(kVp, mAs and SID/SFD).  
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X-ray beam Filters: inherent and added filters, purpose of added filters, filters used for shaping 

X-ray spectrum (K-edge filters: holmium, gadolinium, molybdenum)- Heel effect.  
Scatter radiation and grids: Factors influencing scatter radiation, objectives and methods for 
scatter reduction; beam restrictors (diaphragms, cones/cylinders & collimators), grids. 

 

Unit III: Physics of Imaging Detectors and image quality (10 h)  
Intensifying screens: Principles and function of intensifying screens, screen function evaluation 
conventional screens Vs rare earth screens.  
Physics of Imaging Detectors: Physics of generic photon detectors, Quantum efficiency, Direct 
and Indirect conversion detectors, Photomultiplier Tube (PMT), Charge coupled device, Flat 
panel detector, CR-DR imaging plates, image intensifier.  
Image quality: sources and reduction of un-sharpness, factors influencing radiographic contrast, 
resolution, evaluation of resolution- point spread function (PSF), line spread function (LSF), 

edge spread function (ESF), modulation transfer function (MTF), Signal-to- noise ratio, focal 
spot size evaluation- image acquisition. 

 

Unit IV: Computed Tomography, MRI and Ultrasound Imaging (10 h)  
Computed Tomography (CT): Principle, CT imaging system, image reconstruction and 
processing, acquisition and image quality.  
Magnetic Resonance Imaging (MRI): NMR Principle, techniques involved MR image acquisition 

and reconstruction, safety and applications of MRI in radiotherapy for treatment planning.  
Ultrasound imaging: construction and working of a transducer, B-mode signal processing, 
modern imaging methods, image artifacts- US imaging in radiotherapy for treatment planning. 

 

Unit V: Advances in Diagnostic radiology (10 h)  
Digital radiography: Screen film and digital mammography, Interventional radiology-Continuous 
and pulsed fluoroscopy, digital subtraction techniques, orthopan tomography (OPG), Cone Beam 
CT (CBCT).  
Digital detectors: Dual Energy CT (DECT), Tomosynthesis; detectors based on direct and 
indirect conversion methods. 

 

Reference Books  
1. Dance, D.R., Christofides, S., Maidment A.D.R., McLean, I.D., Ng.K.H., Diagnostic 

radiology physics : a Handbook for teachers and students, International Atomic Energy 
Agency,Vienna, 2014.  

2. Christensen’s introduction to the physics of diagnostic radiology, Curry, T.S., Dowdey,  
J.E., Murry, R.C., Philadelphia: Lea & Febiger, 4

th
 Edition, (1990).  

3. The essential physics of medical imaging, Bushberg, S.T., Seibert, J.A, Leidholt, E.M. & 

Boone, J.M., Baltimore: Williams & Wilkins 1
st

 Edition (1990).  
4. Physics for diagnostic radiology, Dendy, P.P.& B. Heaton, Bristol &Philadelphia: 

Institute of Physics Publishing, 2
nd

 Edition (1994).  
5. The physics of radiology, Johns, H.E. & Cunningham, J.R., IL: Charles C. Thomas, 

Springfield, 4
th

 Edition (1983). 
 
 
 
 
 

 

26 | 58 



 

 

M.Sc. Medical Physics- 2019-20 onwards-UD                                            Annexure No:61A 

Page 27 of 58                                                                                     SCAA Dated: 09.05.2019 

 

Course Outcomes 

At the end of Medical Imaging Technology course, students should have learned:  
CO1 - Physics principles behind the working of components used in Radiography industry 
CO2- Conventional and digital radiography techniques and its basics  
CO3 - The physics and working of Imaging detectors  
CO4 - The basic principles and working of CT, MRI and Ultrasound 
Imaging CO5 – The recent advances in Diagnostic radiology 

 

Course prepared by  
Dr. S. Harikrishna Etti 

 
 

Course approved by The Chairman 
and member of BOS 

 
 
 
 
 

External Beam Radiation Therapy 

 
 

Course Code: 2C3 
 

 L T P C 
 

 5 0 0 4 
  

Course Objectives  

* To applying knowledge of treatment parameters like Percentage Death Dose, Tissue 
Phantom Ratios for computing treatment time calculation required for treatment of 

radiotherapy patients. To check the dosimetry parameter of treatment machines for using 
dosimetry tools like RFA, phantoms and etc.  

* To be able to constant beam modifying devices for delivering dose effectively.  
* To use parameters like treated volume, irradiated volume, hot spot, maximum target dose 

in choosing a better treatment plan. To adopt and apply 2 D and 3 D simulation 
techniques CT, MRI, US and PET fusion techniques  

* To recognize the need and ability to select proper electron energy for tumors at different 
depth.  

* To understand the merits of electron, neutron an X-ray and Gamma ray beams and heavy 
charged particles and use them prudently for different types of tumors. 

 

Unit I: Dosimetry parameters: (10 h)  
Central axis dosimetry parameters: percentage depth doses (PDD), tissue air ratio (TAR), back 

scatter factor/Peak scatter factor (BSF/PSF) - tissue phantom ratio (TPR) - tissue maximum ratio 

(TMR)- collimator scatter factor, phantom scatter factor and total scatter factors - relationship 

between TAR and PDD and its applications - relationship between TMR and PDD and its 

applications – scatter air ratio(SAR) – scatter maximum ratio(SMR)- off axis ratio field factors-

surface dose and buildup region- Description and measurement of isodose curves/ charts-

Dosimetry data resources. 

 

Unit II: Phantoms and Beam modifiers (10 h)  
Measuring tools/phantoms: Water phantom and Tissue equivalent/solid water phantoms for 
dosimetry Radiation filed analyzer (RFA), Array detectors for beam analysis, phantom for beam 
energy check etc.  
Beam modifying and shaping devices – Block Cutting machines- wedge filters – universal, 
motorized and dynamic wedges - treatment planning with wedges– shielding blocks - field  
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shaping, custom blocking - tissue compensation – design of compensators, 2D compensators, 3D 
compensators- multi leaf collimators (MLC) and micro MLC- special considerations in treatment 
planning - skin dose, field matching, integral dose, DVHs – differential, integral. 

 

Unit III: Treatment planning in teletherapy (10 h)  
Target volume definition and dose prescription criteria as per ICRU protocols - SSD and SAD 

set ups - two and three dimensional localization techniques - contouring - simulation of treatment 

techniques - field arrangements - single, parallel opposed and multiple fields - corrections for 
tissue inhomogeneity, contour shapes and beam obliquity - integral dose.  
Treatment Techniques: Conventional and conformal radiotherapy, Treatment time and Monitor 
unit calculations, Arc/ rotation therapy - mantle and inverted Y fields. 

 

Unit IV: Physics of electron and particulate beam therapy (10 h)  
Clinical electron beams - energy specification - electron energy selection for patient treatment - 

depth dose characteristics (Ds, Dx, R100, R90, R50, Rp etc.) - beam flatness and symmetry - 
 
penumbra - isodose plots - monitor unit calculations - output factor formalisms - effect of air gap 
on beam dosimetry - effective SSD. 

 

Unit V: Particle beam Physics (8 h)  
Basic proton interaction – Bragg peak, proton scanning techniques,basic neutron interactions, 
Particulate beam therapy - Relative merits of electron, X-ray, gamma, proton, carbon ion and 
neutron beams. 

 

Reference Books 

1. Faiz M.Khan, Physics of Radiation Therapy, 5
th

 Edition, Lippincott Williams and 
Wilkins, 2014.  

2. Radiotherapy Treatment Planning, Medical Physics Hand Book Series No.7, R.F.Mould, 

Adam Hilger Ltd.,Bristor, 1
st

 Edition (1981).  
3. Physics of Electron Beam Therapy, Medical Physics Hand Book Series No.6, 

S.C.Klevenhagen, Adam Hilger Ltd.,Bristor, 1
st

 Edition (1981).  
4. Radiation Therapy Planning, G.C.Bentel, Macmillan Publishing Co.,New York, 1

st
 

Edition (1992).  
5. Carbon ion therapy-Principles, Practice and Treatement planning., Tsujii,Springer, 2014 

 

Course Outcomes 

On successful completion of the course, the students will be able to  
CO1 - Understand the principles behind dosimetry parameters and use them for treatment time 

calculation  
CO2 – Learnt advance concepts in image registration, target delineation. 

CO3 -  Learnt treatment planning for inverted Y fields, SSD and SAD techniques. 
 

 

Course prepared by Course approved by 

Mr. T. P. Chellapandiyan The Chairman and members of BOS 

 Radiation Standards 
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Course objectives  
 To know the available standard of dosimetry traceability 

uncertainty in measurements, charge particle equilibrium.  
 To understand the Standardization procedure of brachytherapy sources. 

 To understand standardization procedures involved while using Radionuclides. 

 To understand primary, secondary standard neutron dosimeter and their calibration. 

 

Unit I: Radiation standards for photons and electrons (12 h)  
Primary and Secondary Standards, PSDL/SSDL for external beams, Traceability, Uncertainty in 
measurement. Guide to measurement uncertainty (ISO-GUM), Type A and Type B Standard 

Uncertainties, Need for standards and accuracy in dose measurements, Dosimetric quantities and 
units, System of absorbed dose standards and their comparison, Graphite and Water Calorimeters 

as primary standards, Free-air chambers, Air kerma primary standard- absorbed dose to water 
based standards. 

 

Unit II: Standardization of brachytherapy sources (12 h)  
Apparent activity - Reference Air Kerma Rate - Air Kerma Strength – Primary and Secondary 

Standards, PSDL/SSDL/ADCL traceability for Brachy sources, Standards for HDR 
192

Ir and 
60

Co sources – Standardization of 
125

I and beta sources - Wide angle free angle chamber for 
brachytherapy low energy photon sources, Extrapolation chamber as a primary standard for beta 
ray sources, - room scatter correction- Development of graphite and water calorimeters for 
brachytherapy, Traceability in calibrations at Hospitals, Importance of well-type chamber 
calibration at SSDL / ADCL. 

 

Unit III: Standardization of Radionuclides (12 h)  
Methods of measurement of radioactivity - Defined solid angle and 4π counting - Beta gamma 

coincidence counting - Standardization of beta and gamma emitters- Ionization chamber 

methods- Extrapolation chamber - Scintillation counting methods for alpha, beta and gamma 
emitter. Reentrant ionization chamber methods - Methods using (n, ∞) and (n, p) reactions - 

Determination of yield of neutron sources. 

 

Unit IV: Neutron Standards (6 h)  
Neutron classification, neutron sources, Neutron standards – primary standards, secondary 
standards, Neutron yield and fluence rate measurements, Manganese sulphate bath system, 
precision long counter, Activation method. Neutron spectrometry, threshold detectors &amp; 
scintillation detectors 

 

Unit V: Neutron Detectors and Dosimeters (6 h)  
Neutron dosimetry, Neutron survey meters and their calibration, neutron field survey around 
high energy medical accelerators/cyclotrons/hadron therapy facilities. 

 

Reference Books  
1. F.H. Attix, Introduction to Radiological Physics and Radiation Dosimetry, Viley - VCH, 

Verlog, 1
st

 Edition, 2004. 
2. Michael G.Stabin, Radiation Protection and Dosimetry – An Introduction to Health  
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Physics, Springer, 1
st

 Edition,  2007. 
3. Shaheen Dewji and Nolan E Hertel, Advanced Radiation Protection Dosimetry, CRC 

Press (Taylor & Francis Group), 1
st

 Edition, 2019.  
4. S.C.Klevenhagen, Physics of Electron Beam Therapy, Medical Physics Hand Book 

Series No.6, Adam Hilger Ltd., Bristol, 1
st

 Edition, 1981.  
5. Greening J R, Green S, Charles M W, Fundamentals of Radiation Dosimetry, 3

rd
 Edition, 

London: Taylor & Francis, 2010. 

 

Course outcome 

 

CO1- Leant about the Radiation standards for photons and electrons. 

CO2- Understood the Standardization procedure of brachytherapy sources.  
CO3- Understood standardization procedures involved while using Radionuclides. 

CO4- Learnt the working of neutron survey meters. 
 

 

Prepared by  
Dr. T. Sundaram 

 
 

 

Approved by  
The Chairman and members of BOS 
 

 
 
 

Numerical and Computational Techniques 

 
 

Course Code: 2E1 
 

Course Objectives 
L T P C 

 

5 0 0 4 
  

 To provide the importance of the numerical techniques and
solving algebraic, transcendental, and simultaneous equations (both direct and 
iterative methods). Further to study the fitting of straight line, parabola and 
exponential curve using the principles of least square tool.

 Study the interpolation of equal and difference of independent variables, solve the ordinary 
and partial differential equations, MATLAB for data files, Objects and images.

 

Unit 1: Roots of equation (10 h) 

Roots of equation:  Horner's  method,  Bisection method  –  False  position  method  –  Newton 

Raphson method – Simultaneous equation: Gauss elimination method – Inversion of a matrix  
using Gauss elimination method -Method of triangularization Iterative methods : Gauss Jacobi 
iteration method – Gauss Seidal iteration method - Relaxation Methods. 

 

Unit 2: Curve fitting and Interpolation (10 h)  
The principles of least squares – Fitting a straight line, Fitting a parabola, Fitting an exponential 
curve, Sum of the squares of the residuals, Gregory Newton’s forward and backward difference 
formula for equal intervals – Divided difference – Properties of divided difference – Newton’s 
divided difference formula – Lagranges interpolation formula for unequal intervals 

 

Unit 3: Numerical Integration and Eigenvalues (10 h) 

Newton cotes quadrature formula - Trapezoidal rule and error analysis, Simpson’s 1/3
rd

 rule and 
error analysis - Simpson’s Three-Eight rule, Boole rule, Weddle rule-Power method to find  
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dominant Eigenvalue - Jacobi method – Matrix eigenvalue problem, 
Eigenvalues of a symmetric tridiagonal matrix – House holder’s method. 

 

Unit 4: Ordinary and Partial differential equation (10 h)  
Ordinary differential equation– Taylor series method – Basic, Improved and Modified Euler 
methods – Runge Kutta IV order method for first order differential equation – RK4 method for 
simultaneous first order differential equations – RK4 method for second order differential 
equation – Milne’s Predictor – Corrector method.  
Partial differential equation – difference – quotients – Graphical representation of partial 
quotients – Classification of Partial differential equations of the second order – Standard five 

point formula – Diagonal five-point formula – Solution of Laplace’s equation by Liebmann’s 
iteration. 

 

Unit 5: Mathematical tools (8 h)  
The MATLAB environment - Data types, Objects and images, File handling, equation solving. 
Functions and Programs, Defining Functions Functions as Procedures Repetitive Operations 
Transformation Rules for Functions, Inverse of matrix, Matrix multiplication, Matrix 
Determinant. 

 

Reference Books  
1. J. D. Hoffman, Numerical Methods for Engineers and scientists, Marcel Dekker Inc., 

New York, 2nd Edition, 2001.  
2. A.C. Bajpai, I. M. Calus and J.A. Fairley, Numerical Methods for Engineers and 

scientists – A students course book John Wiley & Sons, New York, 1st Edition, 1977.  
3. S. S. Sastry, Introductory Methods of Numerical Analysis, Prentice Hall of India, New 

Delhi, 5th Edition, 2012.  
4. T. Veerarajan and T. Ramachandran, Numerical Methods wit programs in C, Tata 

Mcgraw Hill, New Delhi, 2nd Edition, 2006.  
5. W. R. Leo, Techniques for Nuclear and Particle Physics Experiments: A How-to 

Approach, Springer Science & Business Media; 2nd Edition, 2012. 

 

Course Outcomes 

 

CO1 - Deduce the solution for various algebraic, transcendental and simultaneous 
equations using both direct and iterative methods,  

CO2 - Understand the curve fitting and interpolation for equal and difference data and how it 
is used for practical applications. 

CO3 - Study the different techniques for integration and their applications.  
CO4- Study the initial and boundary value problems for ordinary and partial 

differential equations.  
CO5- Enhance the problem solving ability using MATLAB and solve the above numerical 

problem in MATLAB 

 

Prepared by  
Dr. S. Vijayakumar 

 
 

Approved by  
The Chairman and members of BOS  

 

Developments in Micro and Nanodosimetry  
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Course Objectives 

 To learn the advances in conventional dosimetry.

 To understand the basics of Micro dosimetry and Nano dosimetry.

 To learn the difference between conventional dosimetry and 

Nanodosimetry.

 To realize the importance of Monte Carlo techniques in advanced 

dosimetry.

 To analyze the various applications of Nanodosimetry.

 

Unit 1: Microdosimetry (7 h)  
Microdosimetric quantities- solid state based microdosimetric techniques- gas 
based microdosimetry- Biological effects of microdosimtry, evaluation of Monte 
Carlo techniques for microdosimetry, microdosimetry in targeted radionuclide 
therapy and radiotherapy 

 

Unit 2: Evaluation of Microdosimetry to Nanodosimetry (7 h) 

 

Cellular dosimetry of targeted radionuclides, Microdosimetry of radon progeny, 
Dose–response relationship, Micro and nanodosimetric calculations, 
Relationship of absorbed dose, specific energy and track structures, 

 

Unit 3: Nanodosimetry (7 h) 

 

Definition- Nanodosimetric quantities- charge counting Nanodosimetry: electron 

based nanodosimetry and ion based nanodosimetry- History- evaluation of 
positive ion detector for nanodosimetry, Biological effects of nanodosimtry, - 

structure- optimization- current scenario-future developments. 

 

Unit 4: Monte Carlo Simulation for Nanodosimetry 

 
 

(7 h) 
 

 
GEANT 4 DNA - Nanodosimetric distribution, Track structure simulation, Tracks and initial  
events lead to molecular damages, Radiation track structure theory, Physical tool for molecular 
mechanism of radiation effects. 

 

Unit 5: Applications of Nanodosimeter (8 h)  
Radiation detector- Radiation protection- Radiation biology- Radiation protection- Gamma 
spectrometry- Gas sensor- Oncology. 
 

Reference Books 

1. H Palmans et al., “Future development of biologically relevant dosimetry” Br J Radiol;  
88: 20140392, pp. 1-19, 2000.  

2. B. Grosswendt, “Recent advances of nanodosimetry” Radiation Protection Dosimetry 
Vol. 110, Nos 1-4, pp. 789-799, 2004.  

3. Alexander Wu Chao, “Review of accelerator science and technology”, Volume 2: 
Medical Applications of Accelerators, https://doi.org/10.1142/7676 , 2009.  

4. S. Chauvie, Z. Francis, S. Guatelli et al., “Geant4 physics processes for microdosimetry 
simulation: design foundation and implementation of the first set of models, ”IEEE  
Transactions on Nuclear Science, vol. 54, no. 6, pp. 2619–2628, 2007.  
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5. Dudley T. Goodhead “An Assessment of the Role of Microdosimetry in Radiobiology” 

Radiation Research; Vol. 91, No. 1, pp. 45-76, 1982. 
 
 

Course Outcomes 

CO1- Learnt the possibility to measure radiation at DNA level.  
CO2- Learnt the importance of replacing of conventional dosimetric quantities with 

Nanodosimetric quantities. 

CO3- Understood the basics of Micro dosimetry and Nano dosimetry.  
CO4- Realize the importance of Monte Carlo techniques in advanced dosimetry. 

CO5- Understood the importance of Nanodosimetry in Oncology. 
 

Course prepared by 

Dr. C. S. Sureka 

 
 

Course approved by The Chairman 

and members of BOS 
 

 
 
 
 

Solid State Physics  
 

Course Objectives 

The learning objectives of this course is to understand  
 The Physics principle in the formation of bonding in materials  

Structure related aspects of the crystal 

 Various theories to explain the specific heat and magnetic properties of solids  
 Implication of band theory in sculpturing the semiconducting properties of solids  

The mechanism of superconductivity and its applications 

 

Unit I: Bonding in Solids (5 h)  
Ionic Bonding; Bond Energy of NaCl, Lattice Energy of Ionic Crystals, Madelung Constant – 
Properties of Ionic Solids – Co-valent Bond; Saturation, Directional Nature, Hybridization, 

Properties – Metallic Bond; Properties – Intermolecular Bonds; Van der Waal’s bonds, 
Dispersion Bonds, Dipole Bonds, Hydrogen Bonds. 

 

Unit II: Crystal Physics (6 h) Types of Solids – Lattice, Basis and Crystal Structure – Unit 
Cells, Lattice Parameters,  
Primitive Cells – Crystal Systems, Bravais Lattice –Symmetry Elements, Types, Combination– 
Directions, Planes and Miller Indices – Reciprocal Lattice, Construction and Properties – X-ray 
Diffraction, Bragg’s Law, Powder Method (Laue’s Interpretation), Rotating Crystal Method. 

 

Unit III: Thermal and Magnetic Properties of Solids (10 h)  
Specific Heat – Dulong and Petit Law- Einstein’s Theory – Debye’s Theory – Magnetism in 

Solids – Origin of Magnetic Properties of Materials - Bohr Magneton, Orbital, Electron Spin and 
Nuclear Spin – Types of magnetism; Diamagnetism-Langevin’s Theory, Paramagnetism-

Classical Theory (Langevin’s Theory and Curie’s Law), Weiss Theory, Paramagnetic 
Susceptibilty – Ferromagnetism, Hysterisis.  
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Unit IV: Band Theory of Solids and Semiconductors (6 h) Developments of Energy Bands in 
Solids, Sodium Crystal; an example – Crystal Momentum –  
Concept of Effective Mass – Concept of Holes – Metals, Insulators and Semiconductors – 
Intrinsic and Extrinsic Semiconductors – Compound Semiconductors – Direct and Indirect Band 

gap Semiconductor, Fermi Level – Effective Density of States and Carrier Concentration – 

Variation of Carrier Concentration with Temperature – Determination of Band gap of Intrinsic 
Semiconductors - Hall Effect and its Applications. 

 

Unit V: Superconductors (9 h)  
Mechanism of Super Conductors – Effect of Magnetic Field – Resistivity – Critical Currents – 

Meissner Effect – Thermal Properties – Energy Gap – Isotope Effect – Penetration Depth – Type 

I and Type II Superconductors – London’s Equations – BCS Theory – D.C. Josephson’s Effect – 

A.C. Josephson’s Effect – Applications; Superconducting Magnets, High Tc Superconductors. 

 

Reference Books 

1. S.O. Pillai, Solid State Physics, New Age International Publishers, 6
th

 Edition, 2015. 

2. A.K. Saxena, Solid State Physics, Macmillan Publishers India Ltd., 2
nd

 Edition, 2013. 

3. Solid State Physics, R.K. Puri, V.K. Babbar, S.Chand, 1
st

 Edition, 1996. 
4. Solid State Physics: Structure and Properties of Materials, A.M.Wahab, Narosa 

Publishing house, New Delhi, India, 2
nd

 Edition, 2007.  
5. Elementary Solid State Physics: Principles and Applications, M.A.Omar, Pearson 

Education Pvt. Ltd., Delhi, India, 4
th

 Edition, 2004. 
 

Course Outcomes 

At the end of Solid State Physics course, students should have learnt the basic physics of: 

CO1 -  various types of bonding in solids  
CO2 -  structural aspects and properties of crystals 

CO3 -  thermal behavior and magnetic characteristics of solids  
CO4 -  formation of energy bands and semiconducting properties of solids 

CO5 – phenomenon of superconductivity 
 

 

Course prepared by  
Prof. P. Christopher Selvin 

 
 

 

Course approved by The Chairman 

and members of BOS 
 

 
 
 
 
 
 
 

Biological Dosimetry  
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Course Objectives 

 To know the biomarkers used for biological dosimetry.

 To understand the protocol to perform dosimetry using lymphocytes.

 To learn the basics of various techniques available to perform biological dosimetry.
 To understand the importance cell survival based analysis to measure the biological 

effects of radiation.
 To learn the procedures need to be followed while handling biological samples.

 

 

Unit 1: Biomarkers (7 h)  
Cytogenetic biomarkers- Biomarkers for nucleotide pool damage and DNA damage- Biomarkers 
for germline inherited mutations and variants- Biomarkers for induced mutations- Biomarkers 
for transcriptional and translational changes- Others- Safety of laboratory staff. 

 

Unit 2: Lymphocyte based biological dosimetry (7 h)  
Phases of biological dosimetry: Sample collection phase, Sample processing phase, Data analysis  
phase- Radiation Induced Chromosomal Alterations: Radiation induced DNA lesions - 
Chromosome type aberrations- Unstable aberrations- Stable aberrations- Premature chromosome 
condensation (PCC). 

 

Unit 3: Techniques in biological dosimetry (8 h)  
Micronuclei (MN) assay- Protocols advantage and disadvantages - Dicentric Chromosome 

Aberration (DCA) assay- Protocols, Advantage and disadvantages - Fluorescence In Situ 
Hybridization (FISH) technique- Comet assay- Polymerization Chain Reaction (PCR) - Flow 

cytometry- Western blot- Enzyme-linked immunosorbent assay (ELISA) - DNA Microarray 
technology 

 

Unit 4: Cell survival curves and dose estimation in biodosimetry (7 h)  
Cell survival curves – Multi-target single hit model, Linear quadratic Model - Production of an in 

vitro dose response curve - General Considerations, Physical Considerations, Statistical 

Considerations - Dose calculation in biological dosimetry - Choice of curves - Number of cells to 

be analyzed - Uncertainty on dose estimates- Dose Assessment - Acute whole body exposure, 

low dose overexposure cases, Partial body exposure, After delayed blood sampling, After 

protracted and fractionated exposure 

 

Unit 5: Emergencies and new developments in biodosimetry (7 h) Automation of 
chromosomal assays - Automated Sample Processing, Automated Image  
Analysis, Laboratory Information Management System (LIMS) –Investigation of radiation 
accidents - Chernobyl, The Istanbul accident - Mass Casualty Events - Potential Radiation 
Exposure, Historical Experience, Role of Biological Dosimetry - Existing Mass Casualty 
Strategies. 
 

 

Reference Books  
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1. Cytogenetic Dosimetry: Applications in Preparedness for and Response to Radiation 
Emergencies, IAEA, 2011.  

2. Cytogenetic Analysis for Radiation Dose Assessment - A Manual (TRS-405), IAEA, 
2001.  

3. C. S. Sureka and C. Armpilia Text book on “Radiation biology for Medical Physicists”, 

CRC Taylor & Francis Group, USA, 2017.  
4. E.B. Podgorsak, Radiation Oncology Physics: A Handbook for Teachers and Students, 

IAEA, 2005.  
5. Alok Dhawan, Diana Anderson, The Comet Assay in Toxicology: 2nd Edition, Royal 

Society of Chemistry, 2016. 
 
 

Course Outcomes 

CO1- Leant about the biomarkers used for biological dosimetry. 

CO2- Understood the protocol to perform dosimetry using lymphocytes.  
CO3- Learnt the basics of various techniques available to perform biological dosimetry.  
CO4- Understood the importance cell survival based analysis to measure the biological effects of 

radiation. 

CO5- Learnt the procedures need to be followed while handling biological samples. 
 
 

 

Course prepared by  
Dr. C. S. Sureka 

 
 
 

 

Course approved by  
The Chairman and members of BOS 
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Course Code: 2P2 

L T P C 

0 0 6 3 
 

Objectives 
 

 To determine HVL of Co-60 gamma rays for various materials. To determine 
attenuation coefficients for various materials.

 To study response of ionization chamber under different voltage conditions.
 To measure and verify PDD, TAR and TMR. To determine wedge and tray factor 

for various wedges and trays.
 To perform isocenter check. To verify field size with graph sheet. To check 

dose calculations accuracy and different parameters of TPS.
 To create a plan for single and parallel opposed fields using isodose charts. To 

perform test for calculating effective SSD for an electron beam.
 

 

New Practicals 
 

1. Attenuation of Gamma rays through various materials and evaluation of HVL  
2. Measurement and Verification of PDD, TAR and TMR values 

3. Wedge and Tray factor determination  
4. Contrast and spatial resolution (FBCT and CBCT) 

5. Evaluation of Profile parameters using Radiation Field Analyzer  
6. Effective SSD for electron beams  
7. Manual Treatment Planning of Single and Parallel Opposed fields and monitor 

unit calculations of simple and complex treatment plans  
8. Study of Voltage-Current Characteristics of a Ion Chamber  
9. Cross calibration of ion chambers 

10. Calibration curve for electron density, HU calibration curve 
 
 

Demonstrations 
 

1. Immobilzation and CT Simulation 

2. Contouring and external beam treatment planning (simple cases)  
3. Mould room techniques 

4. Contouring and brachytherapy planning 
 

 

Reference Books 
 

1. Faiz M. Khan, The Physics of Radiation Therapy, Lippincott Williams & 

Willkins, Philadelphia, 3
rd

 Edition, 2003.  
2. Govinda Rajan, Advanced Medical Radiation Dosimetry, Prentice hall of India Pvt.Ltd., 

New Delhi, 1
st

 Edition, 1992.  
3. IAEA TRS-398, Absorbed Dose Determination in External Beam Radiotherapy: An 

International Code of Practice for Dosimetry based on Standards of Absorbed Dose 

to Water, 1
st

 Edition, 2006. 
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Course Outcomes   

On successful completion of the course, the students will be able to  

CO1 - have thorough knowledge on measurements of factors covering penetration of X-ray and 

 Gamma ray to various materials.   

CO2 –  measure and verify treatment planning parameters.  

CO3 – do quality assurance tests of radiation generating equipment like linear accelerator. 

CO4 - devise a treatment plan for single and parallel opposed fields.  

CO5 - determine variation SSD with electron energy.   

Prepared by Approved by  

Dr. T. Sundaram and Mr. T. P. Chella Pandiyan The Chairman and members of BOS  
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Summer Training 

    
 

Course Code: SRT 
 

 L T P C 
 

 0 0 2 1 
 

 

Objectives 

 

 To observe the clinical work carried out in a Radiation Oncology Department.

 To know the duties and responsibilities of a Medical Physicist and RSO.

 To observe the image acquitition proces in a Diagnostic radiology Department.
 To familiarlize the procedure followed to deliver treatment in a Radiotheraphy 

department.
 To observe the recommendations followed while handling open isotopes and during 

image acquitition in Nuclear Medicine Department.
 To visialize the construction and working of various equipments used for diagnosis and 

therapy.
 To observe the mechanisms adopted to assure public, occupations and patient safety.

 

 

Students are encouraged to spend 30 days during their summer vacation to learn the technical 
know how of Medical Physics under the guidance and supervision of Medical Physicists in 
leading research Hospitals/Institutes/Health Care Industries/ Universities engaged with cancer 
therapy/research. 

 

Outcomes 

CO1- Realized the importance of Medical Physics to serve cancer patients. 

CO2- Realized the responsibilies of a Medical Physicist and RSO in a society.  
CO3- Visialized the routine clinical works carry out by the Medical Physicist. 

CO4- Familiarized the recommendations adopted to execute the treatment safely.  
CO5- Developed basic understanding to learn the second year core courses. 

 
 
 
 
 

 

Prepared by 

Dr. CSS, Dr. SV and Dr. SH 

 
 
 
 
 
 

 

Approved by  
The Chairman and members of BOS  
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SUPPORTIVE COURSE 
 
 
 

Radiotherapy for Cancer 

    
 

Course Code: 2S2 
 

 L T P  C 
 

Course objectives 2 0 0  2 
 

  To understand the physics behind cancer diagnosis and 
     

 

     
 

treatment.      
 

  To aware of the facilities in Radiation oncology department.      
 

  To know the basic principle and execution of various radiotherapy procedures.    
 

      
 

Unit 1: Medical Physics    (12 h) 
  

History- Physics in Medicine- Dosimetric quantities: absorbed dose, exposure and kerma-

Department of Radiation oncology- Duties of Medical Physicists and RSO- Treatment 

procedure- Overview to plan a diagnostic radiology, radiotherapy and nuclear medicine 

department. 

 

Unit 2: Radiation Therapy for Cancer (12 h)  
Radiotherapy: Introduction, principle, various technologies, treatment procedure and safety in 
Teletherapy - cobalt therapy - Linear Accelerators Electron and Photon - LDR and HDR 
Brachytherapy, Treatments using Nuclear medicine sources - proton and Ion beam therapy. 

 

Reference Books  
1. E.B. Podgorsak, Radiation Oncology Physics: A Handbook for Teachers and Students, 

International Atomic Energy Agency (IAEA) publications, 2005.  
2. E. B. Podgarsak, Radiation Physics for Medical Physicists, Springer Verlag, 1

st
 Edition, 

1996. 

 

Course outcome 

CO1- Understood the basics behind Medical Physics. 

CO2- Learnt about the possible modalities to treat cancer.  
CO3- Gained knowledge on the working of radiotherapy instruments. 

 

Note: Course material would be provided. 

 

Prepared by  
Dr. C. S. Sureka and Dr. S. Harikrishna Etti  

 
 

Approved by  
The Chairman and members of BOS 
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SEMESTER III 

 

Radiation Dosimetry and Calibration  
 

Course Objectives  
 To learn about free air ion chamber, design of parallel plate (FAIC), 

measurements of Air kerma / Exposure with effective SSD.
 To understand the measurements of DW for external beams from Co 60 teletherapy 

machines reference conditions for measurement.
 To be able to derive the expression for machine timing error, procedure for evolution of 

temperature and pressure correction.
 To be able to understand standardization of beta emitters and electron capture with 

proportional GM and Scintillation counters.
 To learn routine sample measurement with liquid counter and scintillation counting 

methods for alpha, beta and gamma emitters.

 

Unit I: Ionization chamber theory (12 h)  
Bragg-Gray theory, Mathematical expression describing Bragg-Gray principle and its derivation. 
Charged particle equilibrium. Burlin and Spencer Attix Cavity theories. Transient Charged 

Particle Equilibrium (TCPE), Concept of Dgas, Cavity ion chambers, Derivation of an 
expression for sensitivity of a cavity ion chamber- Type of ion chambers. 

 

Unit II: Calibration of ion chambers and hospital working standards (12 h)  
General definition of calibration factors - NX, NK, ND, air, ND, W. Various steps to arrive at the 

expression for absorbed dose to water –Determination of absorbed dose to water (Dw) due to 

photon, electron and heavy charged particles (proton, carbon ion etc.,) using current IAEA 

protocols( TRS 398, TG 51, TG70 etc)- Reference conditions for measurement, correction 

factors used - Phantom, Water proof sleeve, Derivation of an expression for machine timer error 

(for telecobalt unit and brachytherapy units), Temperature and pressure correction, Saturation 

correction (Ksat), derivation of expression for charge collection efficiency of an ion chamber. 

Parallel plate, cylindrical and spherical ion chambers, Two voltage method for continuous and 

pulsed beams, Polarity correction. Correction factors for high-energy photon/electron and heavy 

ion beams: Beam quality, beam quality index, beam quality correction coefficient, concept of 

cross calibration. 

 

Unit III: Calibrations for small field dosimetry and protection level monitors (10 h) 

Calibration of small and non-standard field dosimetry. IAEA TRS- 483 and Alphonso formalism. 
Small field dosimetry– Physics, fundamental aspects, protocols, small-field radiotherapy 

equipment and techniques. Dosimetry challenges in small fields. Dosimeters available for small 

field measurements. 

 

Unit IV: Calibrations for protection level monitors (6 h)  
Calibration of protection level instruments and monitors used in radiotherapy (such as Survey 
Meters, gamma zone monitor, neutron survey meter, personnel monitoring- Quality Audit 
Programmes (TLD inter-comparison etc.).  
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Unit V: Brachytherapy dosimetry (8 h)  
Manchester, Paris and Stockholm systems (Intracavitary, interstitial, and surface moulds as 

applicable)- Paterson Parker tables- ICRU 38 and 58 protocols. Specification and calibration of 
brachytherapy sources - RAKR and AKS - IAEA TECDOC 1274 and ICRU 72 

recommendations- Point and line source dosimetry formalisms - Sievert Integral - AAPM TG-
43/43U1 and other dosimetry formalisms. 

 

Reference Books  
1. F.H. Attix, Introduction to Radiological Physics and Radiation Dosimetry, Viley - VCH, 

Verlog, 1
st

 Edition, 2004.  
2. Michael G.Stabin, Radiation Protection and Dosimetry – An Introduction to Health 

Physics, Springer, 1st Edition, 2007.  
3. Shaheen Dewji and Nolan E Hertel, Advanced Radiation Protection Dosimetry, CRC 

Press (Taylor & Francis Group), 1st Edition, 2019.  
4. Greening J R, Green S, Charles M W, Fundamentals of Radiation Dosimetry, 3

rd
 Edition, 

London: Taylor & Francis, 2010.  
5. D Baltas, L Sakelliou, N Zamboglou, The Physics of Modern Brachytherapy for 

Oncology, CRC Press (Taylor and Francis Group), 1st Edition, 2007. 

 

Course Outcomes 

On successful completion of the course, the students will be able to 

On successful completion of the course, the students will be able to  
CO1 -  apply IAEA – TRS 398 protocols in clinical procedure. 

CO2 - calibrate photon and Co 60 beams.  
CO3 - measure neutron emitted from medical linear accelerator 

CO4 - calibrate small field dosimetry and protection level monitors  
CO5-  do Brachytherapy dosimetry using various protocols 

 

Prepared by  
Dr. T. Sundaram 

 
 

Approved by  
The Chairman and members of BOS  
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Radiation Biology 

 
 

Course Code: 3C2 
 

 L T P C 
 

 5 0 0 4 
  

Course Objectives 
 

 To study the structure of normal and abnormal cells, organic and inorganic constituents 
and their metabolic activities.

 Understand the effect of radiation at atomic, molecular, organelle, cellular, tissue and 
organ level and the possible repair mechanisms.

 Know about the availability, applicability and limitations of various Radiobiological 
models that can extend the results obtained from animal experiments and experience 
gathered from radiation accidents.

 To realize the early and late effects of radiation on fetus, individual human beings and 
our generation too.

 To optimize the Radiotherapy plans on biological aspects in order to enhance clinical 
outcome.

 

Unit I: Cell biology (8 h)  
Introduction to cell biology- Biochemistry- Structure of the cell- Cellular components: Plasma 
membrane, Cytoplasm, Nucleus - Interaction of cells with their environment- Cell metabolism-

Life cycle of the cell: Cell cycle, Cell division, Cell synchronization- Cellular abnormalities and 

introduction to cancer. 

 

Unit II: Interaction of radiation with cell (10 h)  
Concepts of microdosimetry- Interaction of radiation with biological system- various stages-

Interaction of radiation with cell at atomic level- Interaction of radiation with cell at molecular 

level- Interaction of radiolysis product with biomolecules: Interaction with proteins, 

carbohydrates and lipids, DNA damage, DNA Repair, Chromosomal and Chromatid aberrations 

and Dose response relationships- Interaction of radiation at cellular level: Effects of radiation on 

cell cycle, Mechanisms of Cell Death- Non targeted effects of radiation. 

 

Unit III: Radiobiological models and radiation response modifiers (10 h)  
Importance of Radiobiological Models- Models based on empirical model: Nominal Standard 

Dose (NSD) model, Time Dose Fractionation (TDF) factor model- Models based on cell survival 

curves and isoeffect: Cell survival curve, Random nature of cell killing and poisson statistics: 

Target theory, Linear Quadratic model, Local effect model- TCP and NTCP based models.  
Radiation response modifiers: Physical factors: Treatment time, Radiation dose response, 

Fractionation – 4R’s of radiobiology, Dose rate effect, Temperature, Linear energy transfer 
(LET), Relative Biological Effectiveness- Biological factors: Radio sensitivity of tissues, Age-

Chemical factors: Impact of molecular oxygen- Oxygen Enhancement Ratio (OER) , Radio 

sensitizers, Radio protectors and mitigators. 

 

Unit IV: Biological effects of Radiation (10 h)  
Deterministic effects: Early deterministic effects of radiation, concept of LD50/30 and LD 50/60, 
Acute radiation syndrome, its stages and general clinical subsyndromes- Late deterministic  
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effects of radiation: radiation effects on importance organs and organ systems, induction of 
cataract, radiation effects on the developing embryo and shortening of life span.  
Stochastic effects (Carcinogenesis): Experience on radiation carcinogenesis, radiation 

epidemiology, linear non-threshold hypothesis, DDREF, cancer risk estimation, cancer caused by 
radiation exposure, second cancers in RT patients, cancer risk from diagnostic radiology, 

attributable lifetime risk. Stochastic effects (Genetic effects): Genetic effects of radiation, genetic 
diseases in humans, genetic risk estimation, background data from humans and other animals. 

 

Unit V: Biological basis of Radiotherapy (10 h)  
Radiobiological aspects of modern radiotherapy techniques: Brachytherapy, IMRT, Stereotactic 

radiotherapy, IORT, Protons, high LET sources and Boron Neutron Capture Therapy (BNCT)-

Biological Treatment Planning: Tumor control probability (TCP) and Normal tissue 

complication probability (NTCP) curves, Nominal Standard Dose (NSD), Biologically Effective 

Dose (BED) and isoeffect dose calculations, Treatment Gap correction, Effective Uniform Dose 

(EUD), Limitations of dose-volume-based treatment planning, Uses of biological models in 

treatment planning, Advantages of biological cost functions over dose-volume cost functions, 

Precautions for using biological models in plan optimization, quantitative Analysis of Normal 

Tissue Effects in the Clinic (QUANTEC) and strategies for effective use of biological models in 

plan optimization. 
 

 

Reference Books  
1. C. S. Sureka and C. Armpilia, Radiation biology for Medical Physicists, CRC Taylor & 

Francis Group, USA, 2017.  
2. E. J. Hall, Radiobiology for Radiologists, J. B. Lippincott Co., 5

th
 Edition, (2000).  

3. G.G. Steel, Basic Clinical Radiobiology, 2nd Edition, Taylor & Francis Ltd, 1997. 

4. S. P. Yarmonenko, Radiobiology of Humans and animals, MIR, Publishers, 1
st

 Edition 
1990.  

5. Radiation Biology: A handbook for teachers and students, Training course series No. 42, 
International Atomic Energy Agency (IAEA), Vienna, 2010. 

 

 

Course Outcome 
 
CO1- Understood the structure and behavior of normal and abnormal cells. 
 
CO2- Learnt the effects of radiation to be cautious while working with radiation. 
 
CO3- Collected information to overcome Radiophobia and to respect radiation. 
 
CO4- Learnt to increase the benefits of radiation towards Radiotherapy by reducing its 
 

associated risk. 
 
CO5- Realized the scope for further research in health care to serve human society. 
 

 

Course prepared by Course approved by 

Dr. C. S. Sureka The Chairman and members of BOS 
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Recent advances in Radiotherapy  
 

Course Objectives 

 To be able diffentiate cone and mMLC based X-knife, Gamma 
knife. To be familiar with evaluation of SRS/SRT treatment plans,  

 To know the concepts of kVCBCT and MVCBCT and mechanics of breathing methods to 
manage respiratory motion in radiation treatment.  

 To understand the concepts of volumetric arc therapy, machine commissioning and 
quality, dosimetric aspects and treatment planning. To compare VMAT plans with 
conventional, IMRT planning, patients specific quality assurance,etc.  

 To study the types of Total Body Irradiation treatments, equipment, principle and 
treatment planning, dosimetry, quality assurance and commissioning. To recall neutron 
capture therapy, heavy ion therapy and dosimetry.  

 To study the special techniques in Brachytherapy 

 To learn the Information Technology for Medical Physics 

 

Unit I: IMRT and IGRT (10 h)  
Intensity Modulated Radiation Therapy (IMRT) principles - MLC based IMRT - step and shoot 
and sliding window techniques - Compensator based IMRT – Tomotherapy based IMRT, 
planning process - inverse treatment planning - immobilization for IMRT - dose verification 
phantoms, dosimeters, protocols and procedures. Volumetric Modulated Arc Therapy (VMAT).  
Image Guided Radiotherapy (IGRT): IGRT concept, imaging modality, kV cone beam CT 
(kVCT), MV cone beam CT (MVCT), image registration, plan adaptation- special phantom, 
Respiratory gating techniques- Tomotherapy - principle - commissioning - imaging - planning 
and dosimetry - delivery - adaptive radiotherapy. 

 

Unit II: SRS, SRT, SBRT and Cyber knife based therapy (10 h)  
Stereotactic radiosurgery/radiotherapy (SRS/SRT) - cone and mMLC based X-Knife - Gamma 

Knife - immobilization devices for SRS/SRT - dosimetry and planning procedures - Evaluation 
of SRS/SRT treatment plans. Physical, planning, and clinical aspects stereotactic body 

radiotherapy (SBRT) and Cyber Knife based therapy. 

 

Unit III: Special techniques in external beam therapy (10 h)  
Total body irradiation (TBI) - large field dosimetry - total skin electron therapy (TSET) - 
electron arc treatment and dosimetry - intraoperative radiotherapy (IORT).  
Principle, applications of proton therapy in radiation oncology, National/International/ IEC 

requirements for hadron therapy equipment, treatment planning and delivery, proton therapy 
treatment planning and delivery, beam modifiers safety interlocks for gamma and neutron 

radiations, induced activity and its minimization, Prescribing, Recording and Reporting Proton 
Beam Therapy (ICRU Report 78), Carbon ion therapy – physical and biological considerations. 

 

Unit IV: Special techniques in Brachytherapy (10 h)  
Integrated brachytherapy unit. Brachytherapy treatment planning - CT/MR based brachytherapy 
planning - forward and inverse planning - DICOM image import / export from OT- Record & 
verification. Brachytherapy treatment for Prostate cancer. Ocular brachytherapy using photon  
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and beta sources. Intravascular brachytherapy - classification - sources - dosimetry procedures - 
AAPM TG 60 protocol. Electronic brachytherapy (Axxent, Mammosite, etc.). 

 

Unit V: Information Technology for Medical Physics (8 h)  
International standards (IEC, DICOM, IHE), General concepts and architecture of 
HIS/RIS/PACS, Radiotherapy record and verify systems, DICOM objects for patient dosimetry. 

 

Reference Books  
1. Steve Webb, The Physics of Three–Dimensional Radiotherapy, Institute of 

Physics Publishing, Bristol and Philadelphia, 1
st

 Edition, 2002.  
2. Faiz M Khan, The Physics of Radiation Therapy, 3rd Edition, Lippincott Williams & 

Wilkins, USA, 1
st

 Edition, 2003.  
3. Intensity Modulated radiation therapy, S. Webb. Institute of Physics 

publishing, Philadelphia, 1
st

 Edition, 2001.  
4. Oleg s Pyianykh, Digital Imaging and Communications in Medicine, A 

practical introduction and survival guide, Springer, 2012.  
5. Tsujii, Carbon-Ion Radiotherapy-Principles, Practices, and Treatment Planning, 

Springer 2014. 

 

Course Outcomes  
On successful completion of the course, the students will be able 
to CO1- narrate and introduction to IMRT and IGRT  
CO2- learnt about SRS, SRT and Cyber knife based therapy  
CO3 - understand 4D computed tomography imaging and know heavy ion therapy namely 
proton and carbon ion etc  
CO4- learnt about advances in Brachytherapy CO5- learnt about 
Information Technology (IT) for Medical Physics 

 

Course prepared by Course approved by 

Mr. V. Jegan The Chairman and members of BOS 
 
 
 

 

Quality Assurance for Diagnostic and Therapeutic 

Equipment 

 

Course objectives 

 
 
 
 

 

Course Code: 3C4  
L T P C  
5 0 0 4 

 

 To learn the Quality assurance procedures in Diagnostic Radiology.
 To learn the Quality assurance procedures in conventional radiation therapy.

 To learn the Quality assurance procedures in advanced radiation therapy.

 To learn the Quality assurance procedures in Brachytherapy.

 To learn the Quality assurance procedures in TPS.

 

Unit I: Quality assurance in Diagnostic Radiology (10 h)  
Purpose of QA, QA protocols and procedures, QA test methods for performance evaluation of x-
ray diagnostic equipment, QA of mammography, QA of CT equipment, QA of interventional  
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radiology equipment, Dual energy imaging and absorptiometry (DEXA), Patient dose 
optimization techniques, Dual and Multi-modality Imaging techniques. 
 

Unit II: Quality assurance in conventional radiation therapy (12 h)  
Precision and accuracy in clinical dosimetry - IEC requirements - acceptance, commissioning 
and quality control of telecobalt, medical linear accelerator, FFF and radiotherapy simulators - 

Portal and in-vivo dosimetry - electronic portal imaging devices - Patient Specific quality 
assurance in radiotherapy using EPID. 

 

Unit III: Quality assurance in advanced radiation therapy (10 h)  
Commissioning, QA protocol and procedures, machine and patient specific QA in IMRT, IGRT, 
SRS, SRT, SBRT, and Cyber knife based therapy. 

 

Unit IV: Quality assurance in Brachytherapy (10 h)  
Acceptance, commissioning and quality assurance of remote after loading brachytherapy 
equipment. ISO requirements and QA of brachytherapy sources- QA & acceptance test proforma 
of AERB for Brachytherapy units. 

 

Unit V: Quality assurance in TPS (6 h)  
Acceptance, commissioning and quality assurance of radiotherapy treatment planning systems 
using IAEA TRS 430 and other protocols. 
 

Reference Books  
1. R.F.Mould, Radiotherapy Treatment Planning, Medical Physics Hand Book Series No.7, 

Adam Hilger Ltd.,Bristor, 1
st

 Edition, 1981. 
2. S.C.Klevenhagen, Physics of Electron Beam Therapy, Medical Physics Hand Book 

Series No.6, Adam Hilger Ltd.,Bristor, 1
st

 Edition, 1981.  
3. G.C.Bentel, Radiation Therapy Planning, Macmillan Publishing Co.,New York, 1

st
 

Edition, 1992.  
4. American Association of Physicists in Medicine, Task Group 142 report: Quality 

assurance of medical accelerators, 2009.  
5. Goran K. Svensson, Physical aspects of quality assurance in Radiation Therapy, AAPM 

REPORT No. 13, Published for the American Association of Physicists in Medicine by 
the American Institute of Physics, 1994. 

 

Course outcome 

On successful completion of the course, the students will be able to  
CO1- perform Quality assurance in Diagnostic Radiology. 

CO2- perform Quality assurance in conventional radiation therapy.  
CO3-  perform Quality assurance in advanced radiation therapy. 

CO4- perform Quality assurance in Brachytherapy.  
CO5- perform Quality assurance in TPS. 

 

Prepared by  
Mr. T. P. Chellapandiyan 

 
 

Approved by  
The Chairman and members of BOS  
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Radiation Protection  
 

Course objectives 

 To learn about the principle of radiation protection standards and 
its recommendations.  

 To understand the importance of radiation monitoring.  
 To learn the procedures need to be following while planning a Radio diagnostic, 

Radiotherapy and Nuclear medicine facility.  
 To understand the safety aspects that to be followed in Nuclear medicine departments. 

 

Unit I: Radiation Protection Standards (10 h)  
Radiation protection quantities: Equivalent Dose, effective dose, committed equivalent dose, 
committed effective dose, radiation weighting factor, Tissue weighting factor, Concepts of 
collective dose, Annual Limit Intake (ALI), Derived Air Concentration (DAC).  
Operational quantities: Dose equivalent - Ambient and directional dose equivalents [(H*(d) and 

H'(d)] –personnel dose equivalent from strongly and weekly penetrating radiation, Hp (10), Hp 
(0.07) &Hp (3).  
Radiation dose to individuals from natural radioactivity in the environment and man-made 
sources. Basic concepts of radiation protection standards - Historical background - International 

Commission on Radiological Protection and its recommendations – The system of Radiological 
protection – Justification of Practice, Optimization of Protection and individual dose limits.  
Potential exposures, dose and dose constraints – System of protection for intervention - 
Categories of exposures – Occupational, Public and Medical Exposures - Permissible levels for 

neutron flux - Factors governing internal exposure - Radionuclide concentrations in air and water 
- contamination levels. 

 

Unit II: Principles of Monitoring and Protection (8 h)  
Evaluation of external radiation hazards - Effects of distance, time and shielding - Shielding 
calculations - Personnel and area monitoring - Internal radiation hazards – Radio toxicity of 

different radionuclides and the classification of laboratories – Control of contamination – 
Bioassay and air monitoring – chemical protection – Radiation accidents – disaster monitoring. 

 

Unit III: Planning of Radiotherapy Installations (12 h)  
Planning of medical radiation installations - General considerations - Radiotherapy (telegamma, 
accelerator, tomothreapy, and cyberknife).  
Siting, layout planning and shielding calculations for hadron therapy facilities; neutron yield and 
aspects for neutron shielding.  
Planning and shielding calculations of brachytherapy facilities. Regulatory requirements for 
brachytherapy facilities. 

 

Unit IV: Planning of Radio diagnostic and Nuclear medicine facility (10 h)  
Planning and shielding calculations of diagnostic radiology facilities. Regulatory requirements 
for diagnostic radiology facilities.  
Planning and Shielding Calculations during the installation of Nuclear Medicine facilities and 
research laboratories using radioisotopes like SPECT, PET/CT, High Dose Therapy in the 
Nuclear Medicine Department as per National/International methods.  
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Unit V: Safety in Nuclear Medicine (8 h)  
Performance check of radiation measuring and monitoring instruments, work place and 
environmental (stack) monitoring, Permissible radiation limits for controlled and supervised 
area, Contamination limits, Radiation protection survey and contamination checks, Air-borne 
contamination, estimation of gases effluent discharge, dose apportionment and dose budgeting.  
Radiological safety aspects during servicing and maintenance.  
Unusual occurrences and its handling procedures: Failure of cooling system, target foil ruptured, 
spillage, power failure, excessive exposure, personnel contamination; Protective and Emergency 
equipment requirements in medical cyclotron facility. 

 

Reference Books 

1. Fundamental Safety Principles, IAEA Safety Standards Series No. SF-1, 2006.  
2. Patrick Horton and David Eaton, Design and Shielding of Radiotherapy Treatment 

Facilities, IPEM Report 75, 2nd Edition, 2017.  
3. Max H. Lombardi, Radiation Safety in Nuclear Medicine, 2nd Edition, CRC Press, 2006.  
4. Radiotherapy facilities: Master planning and concept design considerations, IAEA 

human health reports no. 10, IAEA, 2014.  
5. Jeffry A. Siegel, Radiation Safety in Nuclear Medicine. 2nd Edition, Elsevier, 2007. 

 

Course Outcome 

CO1- Gained knowledge on radiological protection and its recommendation in Oncology.  
CO2- Learnt the basic definitions and principles of radiation safety.  
CO3- Learnt the various steps to be followed while planning a Radio 

diagnostic, Radiotherapy and Nuclear medicine facility. 

CO4- Understood the safety procedures followed in Nuclear medicine departments. 

 

Prepared by  
Dr. T. Sundaram, Dr. C. S. Sureka and Mr. V. Jegan 

 

Approved by 

The Chairman and the members of BOS  
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Radiation Hazards Evaluation and Control 
 

Course objectives 

The learning objectives of this course is to understand  

 radiation Hazard Evaluation in Medical Radiation Installations

 radioactive Waste Disposal

 transport of Radioactive Material

 legislation

 radiation Emergencies and their Medical Management

 
Course Code: 3C6  

L T P C 

5 0 0 4 

 

 

Unit I: Radiation Hazard Evaluation in Medical Radiation Installations (10 h)  
Evaluation of radiation hazards in medical diagnostic and therapeutic equipment and installations 

Radiation monitoring procedures – measurement of leakage radiation through the treatment head/ X-

ray tube housing. Radiation survey and evaluation of radiation levels around RT, NM and DR 

installation. Protective measures to reduce radiation exposure to staff and patients - Radiation 

hazards in brachytherapy departments and teletherapy departments and radioisotope laboratories-

Particle accelerators - Protective equipment - Handling of patients - Waste disposal facilities - 

Radiation safety during source transfer operations - Special safety features in accelerators. 

 

Unit II: Radioactive Waste Disposal (9 h)  
Radioactive wastes – sources of radioactive wastes - Classification of waste - Treatment 
techniques for solid, liquid and gaseous effluents – Permissible limits for disposal of waste - 

Sampling techniques for air, water and solids – Geological, hydrological and meteorological 
parameters – Ecological considerations.  
Disposal of radioactive wastes - General methods of disposal - Management of radioactive waste 
in medical, industrial, agricultural and research establishments. 

 

Unit III: Transport of Radioactive Material (9 h)  
Transportation of radioactive substances - Historical background - General packing 

requirements- Transport documents - Labeling and marking of packages - Regulations applicable 

for different modes of transport - Transport by post - Transport emergencies - Special 

requirements for transport of large radioactive sources and fissile materials - Exemptions from 

regulations – Shipment approval – Shipment under exclusive use – Transport under special 

arrangement – Consignor’s and carrier’s responsibilities. 

 

Unit IV: Legislation (8 h)  
Physical protection of sources - Safety and security of sources during storage, use, transport and 

disposal – Security provisions: administrative and technical – Security threat and graded 
approach in security provision.  
National legislation – Regulatory framework – Atomic Energy Act – Atomic Energy (Radiation 

Protection) Rules – Applicable Safety Codes, Standards, Guides and Manuals – Regulatory 

Control – Licensing, Inspection and Enforcement – Responsibilities of Employers, Licensees, 

Radiological Safety Officers and Radiation Workers – National inventories of radiation sources– 

Import, Export procedures guidelines, requirement and procedures for setting up medical 

radiation facilities, Cyclotron facilities, Emergency preparedness in medical radiation/cyclotron 

facilities.  

 

50 | 58 



 

 

M.Sc. Medical Physics- 2019-20 onwards-UD                                            Annexure No:61A 

Page 51 of 58                                                                                     SCAA Dated: 09.05.2019 

 

Unit V: Radiation Emergencies and their Medical Management (12 h)  
Normal and potential exposure, potential accident situations involving radioisotopes, elements of 

emergency planning and preparedness including procedures for notification and communication, 

administrative and technical procedures, responsibilities of employer, licensee, RSO, Service 

Engineer and source/equipment supplier in case of emergency, probable emergency situations 

and accidents in medical applications of radiation (failure of pneumatic system, improper 

functioning of timer, software mix-up in accelerator etc.)- probable accidents during Loading and 

unloading of sources - Loss of radiation sources and their tracing - Typical accident cases in 

radiotherapy with Case histories Radiation injuries in Radiotherapy and Interventional Radiology 

procedures, mis-administration of radio isotopes in NM, treatment and medical management of 

affected patients– Personal (external and internal) and environmental dosimetry in accidental 

exposures- Investigation of accidental exposure to patients or excessive exposure to occupational 

radiation workers, Emergency preparedness plan, Radiation protection programme - design, 

implementation and management. 

 

Reference Books  
1. ICRP, Recommendations of the International Commission on Radiological Protection. 

ICRP Publication 103 (Users Edition). Ann. ICRP 37(2-4), 2007.  
2. Williams, J.R., Thwaites, D.I. (Eds), Radiotherapy Physics in Practice, 2

nd
 Edition, 

Oxford Univ. Press, Oxford, 2000.  
3. Fletcher G.H: Textbook of radiotherapy, Lea and Febiger, Philadelphia, pp.106-107, 

1966.  
4. Atomic Energy Act No.33, 1962. 

5. Radiation Protection Rules, Atomic Energy Regulatory Board (AERB), Mumbai, 2004. 

 

Course Outcomes 

On successful completion of the Project work, the students will be  
CO1- Exposed to radiation hazards in medical diagnostic and therapeutic equipment and 

installations. 

CO2 –Exposed to Radioactive wastes and its sources, types and disposal.  
CO3 - Learned the Transportation of radioactive substances and its safe handling. 

CO4 – Exposed to National legislation and Regulatory framework.  
CO5– Learning Normal and potential exposure, potential accident situations 

involving radioisotopes. 

 

Prepared by  
Dr. T. Sundaram, Dr. S. Harikrishna Etti and Mr. T. P. Chellapandiyan 

 

Approved by 

The Chairman and the members of BOS  
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Medical Physics Lab II 

    
 

Course Code: 3P3 
 

 L T P C 
 

 0 0 6 3 
  

Course Objectives 
 

 To determine the calibration factor for ion chamber that is not calibrated. To determine 
the beam quality correction factor. To measure absolute dose for photon beam using TRS 
398 protocol. To measure absolute dose for electorn beam using TRS 398 protocol.


 To measure PDD curves for different field sizes and energies. To measure flatness and 

symmetry for photon and electron beams.To measure R50, R100, R90 and pratical range 
of electron beam .


 To plot isodose distributions for carcinoma esophagus and carcinoma uterine cervix using 

three and four fields. To determine interleaf and intraleaf for multileaf collimator of 
linear accelerator. To check leaf speed and accuracy of MLC. To check variation in leaf 
position with gantry movement.


 To tests temporal accuracy, timer linearity and end error of brachytherapy machine. To 

perform source strength of Ir-192 brachytharapy source.To perform patient specific QA 
for IMRT patients.


 To check physical integrity of primary and secondary walls of radiotherapy installation 

by measuring radiation levels using survey meter.
 

 

Experiments: 
 

1. Absolute Calibration of Photon and Electron beams - using TRS 398 
 

2. HU linearity and uniformity and CT noise 
 

3. Quality Assurance of Multileaf Collimator 
 

4. Quality Assurance of a Brachytherapy unit 
 

5. Pretreatment IMRT Quality Assurance 
 

6. Radiation Protection survey of Teletherapy and Brachytherapy installations 
 

7. Quality Assurance of a Linear Accelerator 
 

8. Manual planning of three and four field techniques 
 

9. Autoradiography test for Brachytherapy source in Remote Afterloader unit 
 

 

Demonstrations 
 

1. Image guidance radiation therapy (planar and CBCT)  
2. Respiratory gating techniques 

3. Demonstration of array detector  
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Reference Books 
 

1. Faiz M. Khan, The Physics of Radiation Therapy, Lippincott Williams & Willkins, 

Philadelphia, 3
rd

 Edition, 2003.  
2. AAPM Report No. 72 , Basic Applications of Multileaf collimators, AAPM, USA, 2001.  
3. IAEA TRS-398, Absorbed Dose Determination in External Beam Radiotherapy: An 

International Code of Practice for Dosimetry based on Standards of Absorbed Dose to 
Water, 2006. 

 
 

Course Outcomes 
 

On successful completion of the course, the students will be able to 
 

CO1 - measure absoulte value of radiation emitted from linear accelerator for 

prescribed monitor units. 
 
CO2 – be familar with cross calibaration of ion chamber for use in accurate measurements of 

radiation dose. 
 
CO3 - devise a treatment plan for three and four fields. 
 

CO4 -  have in-depth knowledge in performing patient specific IMRT-QA. 
 

CO5 – survey radiation protection/radiotherapy installations. 
 
 

 

Course prepared by  
Dr. T. Sundaram and Mr. V. Jegan 

 
 
 

 

Course approved by The Chairman 

and members of BOS  
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SEMESTER IV 

 

Nuclear Medicine  
 

Course Objectives 

 To study the production of radionuclides used in nuclear medicine  
and types of production. To learn different types of imaging procedures namely In-vivo 
and In-vitro studies.  

 To understand the importance various imaging instruments and their operating principles 
and to be familiar with various imaging systems and their limitation.  

 To recall different imaging techniques like Two dimensional and Three dimensional 
techniques. To be able to understand focal plane tomography emission computed 
tomography,etc.  

 To narrate Annihilation Coincidence Detection and PET detector scanner design, data 
Acquisition for PET. To relate working of Medical cyclotron, radioisotopes produced and 
their characteristics. 

 

Unit I: Physics of Nuclear Medicine (10 h)  
Introduction to Nuclear Medicine, Unsealed Sources, Production of Radionuclide used in 

Nuclear Medicine; Reactor and accelerator based Radionuclides, Photonuclear activation, 
Equations for Radionuclide Production, Radionuclide Generators and their operation principles- 

Preparation and Various usages of Radiopharmaceuticals. In-vivo Non-imaging procedures; 
Thyroid Uptake Measurements, Renogram, Life Span of RBC, Blood Volume studies etc. 
 

Unit II: Radionuclide Imaging (10 h)  
General concept of Radionuclide Imaging and Historical developments. The Rectilinear Scanner 

and its operational principle, Basic Principles and Design of the Gamma Camera / Scintillation 

Camera, System components, Detector System and Electronics, Different types of Collimators, 

Design and Performance Characteristics of the Converging, Diverging and Pin hole Collimator, 

Image Display and Recording Systems, Digital Image Processing Systems, Scanning Camera, 

Limitation of the Detector System and Electronics. 
 

Unit III: Imaging Techniques and image quality parameters (10 h)  
Basic Principles, Two dimensional Imaging Techniques, Three Dimensional Imaging 

Techniques - Basic Principles and Problem, Focal Plane Tomography. Physics of Imaging 

system (PET/SPECT): Principles of PET/SPECT, PET Instrumentations, Annihilation 
Coincidence Detection, PET Detector ad Scanner Design, Data Acquisition for PET, Data 

corrections and Quantitative Aspect of PET. Fusion imaging PET-CT, PET-MRI. 
 

Unit IV: Image reconstruction and image Quality Parameters (10 h)  
Various Image Reconstruction Techniques during Image formation such as Back Projection and 
Fourier based Techniques, Iterative Reconstruction method and their drawbacks. Attenuation 
Correction, Scatter Correction, Resolution Correction, Other requirements or Sources of Error.  
Spatial Resolution, Factor affecting Spatial Resolution, Methods of Evaluation of Spatial 
Resolution, Contrast, Noise. National and International protocol followed for Quality Assurance  
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/ Quality Control of Imaging equipment (SPECT, PET-CT and SPECT- CT) - IEC/NEMA 
Protocols. 

 

Unit V: Radionuclide Therapy (8 h)  
Treatment of Thyrotoxicosis, Thyroid cancer with I-131, use of P-32 and Y-90 for palliative 
treatment, Radiation Synovectomy and the isotopes- Delay Tank - waste Disposal Methods used 
in Nuclear Medicine. 

 

Reference Books 

1. J.K Fowler, Nuclear Particles in Cancer Treatment, Adam Hilger Ltd., Philadelphia, 1
st

 
Edition, 1981.  

2. W.H.Blahd, Nuclear Medicine, McGraw Hill Co., New Delhi, 1
st

 Edition, 1980.  
3. W.N.Wagner, Principles of Nuclear Medicine, W.B.Saunders Co., London, 1

st
 Edition, 

1970.  
4. J.Herbert and D.A.Rocha, Text Book of Nuclear Medicine, Vol 2 and 6, Lea and Febiger 

Co., Philadelphia, 1
st

 Edition, 1984.  
5. S.Webb, The Physics of Medical Imaging, Medical Science Series, Adam Hilgers 

Publications, Bristol, 1
st

 Edition, 1984. 
 

Course Outcomes 

On successful completion of the course, the students will be able to  
CO1 -  familar radioisotopes being used in different In-vitro and in-vivo studies. 

CO2 - know various types of collimator and their uses for various studies.  
CO3 - learn parameters affecting spatial resolution and methods of evaluation of spatial 

resoultion. 

 

Course prepared by  
Mr. V. Jegan 

 
 

Course approved by  
The Chairman and members of BOS  
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Advanced Radiation Dosimetry 

 

Course Objectives 

 

The learning objectives of this course is to understand 

 Radiation Chemistry and Chemical Dosimetry

 Internal Radiation Dosimetry

 Techniques for Dose calculations

 Monte Carlo aided dosimetry

 Computers in Treatment Planning

  

Course Code: 4C2  
L T P C  
5 0 0 4 

 

 

Unit I: Radiation Chemistry and Chemical Dosimetry (10 h)  
Definitions of free radicals and G-value - Kinetics of radiation chemical transformations - 

LET and dose-rate effects - Radiation Chemistry of water and aqueous solutions, peroxy 

radicals, pH effects - Radiation polymerisation, effects of radiation on polymers in dosimetry - 

Formation of free radicals in solids.  
Chemical Dosimetry Principles- Definitions of optical density, molar absorption 

coefficient, Beer- Lambert's law, spectrophotometry –dose estimation techniques- Requirements 
for an ideal chemical dosimeter Fricke dosimeter - FBX dosimeter - Free radical dosimeter –  
Ceric sulphate dosimeter- Applications of chemical dosimeters in Radiotherapy.  

Unit II: Internal Radiation Dosimetry (10 h) 

In-vitro Technique: RIA/IRMA techniques and its principles.   
Internal Radiation Dosimetry: Different Compartmental Model; Single Compartmental Model, 
Two Compartmental Model with and without Back Transference- Classical Methods of Dose 

Evaluation- Beta particle Dosimetry- Equilibrium Dose Rate Equation, Beta Dose Calculation 

Specific Gamma Ray Constant, Gamma Ray Dosimetry, Geometrical Factor Calculation, 
Dosimetry of Low Energy Electromagnetic Radiation. 

 

Unit III: MIRD Technique for Dose calculations (8 h)  
Basic procedure and some practical problems, Cumulative Activity, Equilibrium Dose 

Constant, Absorbed Fraction, Specific Absorbed Fraction, Dose Reciprocity Theorem, Mean 

Dose per unit Cumulative Activity and Problems related to the Dose Calculations. Limitation of 

MIRD Technique. 

 

Unit IV: Monte Carlo aided dosimetry (10 h)  
Random variables, discrete random variables, continuous random variables, Probability 

density functions, discrete probability density function, continuous probability distributions, 

cumulative distribution function, accuracy and precision, central limit theorem, random numbers 

and their generation, tests for randomness, inversion random sampling technique including 

worked examples, integration of simple 1-D integrals including worked examples. Overview of 

computational codes used in medical physics such as MCNP, Fluka, Geant 4, BEAMnrc etc. 

 

Unit V: Computers in Treatment Planning   (10 h) 

Scope of computers in radiation treatment planning - Review of algorithms used for 

treatment  planning  computations  -  Pencil beam, double  pencil  beam,  Clarkson method, 
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convolution superposition, lung interface algorithm, fast Fourier transform, Inverse planning 

algorithm, Monte Carlo based algorithms. Treatment planning calculations for photon beam, 

electron beam, hadron beam (proton/heavy ion) beam and brachytherapy - Factors to be 

incorporated in computational algorithms. Plan optimization - direct aperture optimization - 

beamlet optimization - simulated annealing - dose volume histograms - Indices used for plan 

comparisons - Hardware and software requirements - beam & source library generation. 

Networking, DICOM and PACS. 

 

Reference Books  
1. Faiz M. Khan, The Physics of Radiation Therapy, Lippincott Williams & Willkins, 

Philadelphia, 3
rd

 Edition, 2003. 

2. Absorbed Dose Determination in External Beam Radiotherapy: An International Code of 
Practice for Dosimetry based on Standards of Absorbed Dose to Water, IAEA TRS-398, 
2006.  

3. Michael G. Stabin, The Practice of Internal Dosimetry in Nuclear Medicine, 1st 
Edition, CRC Taylor & Francis, 2016.  

4. Ivan Lux and Laszlo Koblinger, Monte Carlo Particle Transport Methods: Neutron and 
Photon Calculations, 1st Edition, CRC Taylor & Francis, 1990.  

5. F.H. Attix, Introduction to Radiological Physics and Radiation Dosimetry, Viley–VCH, 

Verlog, 1
st

 Edition, 2004. 
 

Course Outcome 

On successful completion of the course, the students will be able to 

CO1 -  narrate introduction to Chemistry of Dosimetry.  
CO2 – principles and techniques in Internal Radiation Dosimetry. 

CO3 -  techniques involved in internal dose calculations.  
CO4 – understood the basics behind Monte Carlo aided dosimetry. 

CO5 – learnt the application of Computers in Treatment Planning. 

 

Prepared by  
Dr. C. S. Sureka 

 
 

Approved by  
The Chairman and members of BOS  
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Project Work 

    
 

Course Code: 4MP 
 

 L T P C 
 

Course Objectives 
0 0 8 4 

 

    
 

 

 To have working knowledge of the clinical diagnostic imaging and/or radiation oncology. 
To get hands on training with relevant instrumentation


 To be familiar with radiation safety practices and procedures including the determination 

of radiation shielding requirements.


 Practical real time exposure to understand the biological effects of radiation and its 
application for radiation safety and for radiation treatment.


 To comply with all applicable regulations and requirements regarding health and safety 

of self and of others, and of clinical and research ethics and procedures.


 Understanding of frontier research and to distinguish the suitable methodology for 
systematic analysis

 

 

Students are encouraged to spend 30 days for carrying out the project work under the 
guidance and supervision of Medical Physicists/Scientists in leading research 
Hospitals/Institutes/Health Care Industries/ Universities engaged with cancer therapy/research. 
 

 

Course Outcomes 
 

On successful completion of the Project work, the students will be able to 
 

CO1- learn various diagnostic/therapeutic instrumentation and methodology to carry out 

radio Therapy. 
 
CO2 – exposed to various methods and precautions needed for their professional life as 

Medical Physicist. 
 
CO3 - exposed to the state-of- the art facilities available in leading hospitals. 
 

CO4 – learn effective communication both orally and in writing. 
 

CO5 – understand frontier research and systematic analysis. 
 

 

Prepared by 
 

Prof. P. Christopher Selvin, Dr. T. Sundaram, Dr. C. S. Sureka, Dr. S. Vijayakumar and 

Dr. S. Harikrishna Etti 
 

Approved by 
 

The Chairman and members of BOS  
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