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	College/ Institute
	Erbil Health and Medical Technical collage

	Department
	Technical Medical Radiology

	Module Name
	Fundamental of Medical Physics

	Module Code
	FMP202

	Semester
	Second

	Credits
	5 ECTS

	Module type
	Prerequisite
	
	Core
	
	1
	Assist.
	
	
	

	Weekly hours
	
	

	Weekly hours (Theory)
	(2)hr Class
	(	)hr Workload

	Weekly hours (Practical)
	(2)hr Class
	(	)hr Workload

	Lecturer (Theory)
	Dr. Sardar Qadr Othman

	E-Mail & Mobile NO.
	sardarqader@epu.edu.iq

	Lecturer (Practical)
	M. Shaima




Course Book
This course provides a comprehensive understanding of atomic and nuclear structure, along with the principles of ionizing radiation and its interactions with matter. Students will explore scatter radiation mechanisms and attenuation coefficients, gaining insight into radiation behavior. The course also introduces nanotechnology, covering nanomaterial synthesis and its applications in renewable energy. Emphasis is placed on solar technology, energy storage techniques, and the role of nanotechnology in enhancing energy efficiency. By the end, students will develop expertise in advanced materials for green energy and understand the importance of renewable energy in global power generation.
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Course objectives
	1.	Define the atomic and Nuclear Structure.
2.	Learn the types of the ionization radiation.
3.	Know the mechanism of radiation interaction with matter.
4.	Define the interaction scatter radiation with matter.
5.	Discuss the types of attenuation coefficient.
8.	Define nanotechnology science, types of nanomaterials synthesis.
9.	To inform students as to the importance of renewable energy in the energy mix required for generation within nations.
10.	The students will acquire sharp knowledge on nanotechnology
11.	The students may work on advanced materials for renewable and green energy.
12.	The students will get a clear understanding of Solar technology.
13.	They will also understand the importance of energy storage techniques.
14.	They will be clear about the role of nanotechnology in improving the efficiency .

	Student's obligation
	Students should attend the lectures
Students should take all exams including daily quizzes and practical exam

	Required Learning Materials
	Theory: lecture halls with computers equipment for lecture presentations, white board, overhead projector.
Laboratory practice: Students will need a comprehensive physics textbook that covers core topics such as electricity, magnetism, mechanics, optics, and thermodynamics. A laboratory manual specific to the course is essential for guidance on experiments, measurement techniques, and data analysis. A scientific calculator capable of advanced calculations is required for problem-solving and lab work. Graphing tools, including graph paper and a ruler, are necessary for plotting experimental data; digital graphing software is also recommended. Access to laboratory equipment, such as multimeters, oscilloscopes, and light sensors, will be provided for hands-on experiments. Supplementary resources like online tutorials or videos can help reinforce understanding of challenging concepts. Finally, students should bring a dedicated notebook for detailed notes, problem-solving, and recording experimental results.



	Theoretical & practical syllabus

	Week
	Theoretical
	Practical

	

1
	Introduction Overview
· Fundamental particles
· Nuclear Binding energy
· 	Nuclear Stability – Auger electrons
	

The activity of a Gamma Source

	
2
	· Atomic and Nuclear Structure
· Fundamental particles
· Nuclear binding energy
· Nuclear stability
· Auger electrons
	
Activity of a Gamma Source

	
	· 
	

	

3
	· Radioactive Decay
· Radioactive materials
· Activity Half-life
	Beta decay of nuclei

	


4
	· Classification of Radiation
· Electromagnetic radiation
· Particulate radiation
· Ionizing and non-ionizing radiations
· Electromagnetic Energy
· Velocity and Amplitude
· Frequency and Wavelength
	
· Deflection of beta particles
· The beta spectrum (simple version)


	


5
	· Types of radiation
· Alpha particles Beta particles Gamma radiation
thers, Decay models


Wave Model: Visible Light Particle odel: Quantum Theory
· Matter and energy
· Interactions of photons with matter
· Mechanisms of Energy Loss
· Photoelectric effect
· Thomson scattering
· Coherent (Rayleigh) scattering
	Influence of a magnetic field on α, β and γ radiation


	

	


6
	wave Model: Visible Light Particle model: Quantum Theory
· Matter and energy
· Interactions of photons with matter
· Mechanisms of Energy Loss
· Photoelectric effect
· Thomson scattering
· Coherent (Rayleigh) scattering
	· The interaction between cosmic rays and matter
· 	Interaction of Gamma rays with matter
	


	

7
	· Incoherent scattering
· Pair and triplet production
· Compton scattering by free electrons
· Scattering and energy transfer coefficients
· stopping power
	· Photoelectric Absorption and Compton Scattering
· Compton scattering of Gamma rays
· Calculations of Stopping Power, and Range of Ions Radiation (Alpha Particles)
· ​

	

8
	· Photon Attenuation Coefficients
· Linear attenuation coefficient
· Exponential attenuation
· Mass attenuation coefficient
· Energy-Absorption coefficient


	Calculations of:
· Linear attenuation coefficient
· Mass attenuation coefficient
· Energy-Absorption coefficient




	
9
	· Interactions of electrons with matter
· Ionizational (collisional) interactions
· Radiative Interactions
· stopping pow
	· The interaction of electrons with matter
· Pair Production and Annihilation
· Interaction with Different Materials and Human Body Parts

· Nanoparticles lab safety
· Notes for liquid handling and micropipette

	

10
	· Synthesis Routes
· Bottom-Up Approaches
· Top-Down Approaches
· Applications of nanomaterials in medicine & biology
	
Synthesis of Gold-Silver Nanoparticles and Investigation of Their Optical Properties

	




11
	· Nanotechnology  in  renewable  energy
systems
· Energy transport, conversion and storage – Nano, micro and meso scale phenomena and devices.
· Energy sector products using
nanomaterials
· Light emitting diodes
· Batteries
· Catalytic reactors Capacitors, Super capacitors
	


Use of Nanoparticles as:
· Biosensor
· Cancer detection
· Drug and gene delivery
· Energy products

	
12
	· Nanotechnology to Hydrogen Production
· Photocatalytic Water Splitting Reaction
· Nano Semiconductor Materials for Photocatalytic Water Splitting
· Photolytic H2 Evolution Based on Nanoenhanced Materials

		Nanotechnology and the Generation of Sustainable Hydrogen
	Hydrogen from Miscellaneous
Sources and Nanotechnology

	


13
	· Nanomaterials for the Conversion of Carbon Dioxide into Renewable Fuels and Value-Added Products
· Theoretical Potentials for Electrochemical Reduction of CO2
· Effect of Particle Size on Electrode Performance in Electrochemical CO2 Reduction Reaction
	· Fossil Hydrocarbon Decarbonizatio n and Nanotechnology
· Nanomaterials in the advancement of hydrogen energy storage
· Hydrogen Fuel Cells and Nanotechnolog

	

14
	· Nanomaterials and Direct Air Captureof CO2
· Capture or Separation Technologies
· New Roads into CO2 Capture: Direct Air Capture and Nanomaterials
	
	The role of nanotechnology on post-combustion CO2
absorption in process industries

	

15
	· Solar energy technology
· Availability of solar radiation
· Photovoltaic devices
· Dye sensitized solar cells
· Photoelectrochemical cells for hydrogen production
	
· Exploring Solar Panels
· Variables Affecting Solar Panel Output



Directorate of Quality Assurance and Accreditation
ﺎﻧﮫﺑﮫ  ﯿﻦ
ﺑﮫ ﻮهﺑﮫﯾﮫﺗ .دﻨﯿﯽﺎﯾﺟﯚﯽری و




ECTS Workload Calculation Form


	
Workload
	Time
Factor
	
No
	
Activity Type
	
Description
	
Activity
	
S

	24
	2
	12
	Face to face activity hours
	Theory In Class
	Course
	1

	36
	3
	12
	Household activity hours
	Preparation
Theory
	Course
	2

	24
	2
	12
	Face to face activity hours
	Practical
	Course
	3

	36
	3
	12
	Household activity hours
	Preparation
Practical
	Course
	4

	9
	3
	3
	Household activity hours
	Homework
	Assignment
	5

	8
	8
	1
	Household activity hours
	Seminar
	Assignment
	6

	It's only to set
degree
	
	
	Face to face activity hours
	Class Activity
	Assignment
	7

	4
	1
	4
	Household activity hours
	Quiz
	Assessment
	8

	1
	1
	1
	Face to face activity hours
	Mid Term Thory
	Assessment
	9

	3
	3
	1
	Household activity hours
	Mid Term Theory
Preparation
	Assessment
	10

	1
	1
	1
	Face to face activity hours
	Mid Term Practical
	Assessment
	11

	2
	2
	1
	Household activity hours
	Mid Term
Practical preparation
	Assessment
	12

	2
	2
	1
	Face to face activity hours
	Final Theory
	Assessment
	13

	6
	6
	1
	Household activity hours
	Final Theory Preparation
	Assessment
	14

	1
	1
	1
	Face to face activity hours
	Final Practical
	Assessment
	15

	4
	4
	1
	Household activity hours
	Final Practical
preparation
	Assessment
	16

	3
	1
	3
	Household activity hours
	& Lab. Reports Activities
	Site Visists and Lab Experiments
	17



	53
	Face to face hours
	4.42
	
Face to face hours/12 week

	111
	Home hours
	6.94
	Home hours/16 week

	164
	Total hours
	10.25
	Total hours/20 week

	
	Accepted
	6.0740740740741
	) ECTS ( Total hours / 27

	
	
	
	










Extra notes:
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The question type
Multiple Choice Questions (MCQs):
Question 1: Multiple Choice
1. Which property of visible light determines its brightness?
A) Wavelength
B) Frequency
C) Amplitude
D) Polarization
Best Answer: C) Amplitude
2. According to quantum theory, the energy of a photon is given by which equation?
A) E=mc2E = mc^2E=mc2
B) E=hfE = hfE=hf
C) E=hpE = \frac{h}{p}E=ph​
D) E=F×dE = F \times dE=F×d
Best Answer: B) E=hfE = hfE=hf
3. Which photon interaction with matter involves the complete absorption of a photon by an electron, resulting in its ejection?
A) Compton Scattering
B) Rayleigh Scattering
C) Photoelectric Effect
D) Pair Production
Best Answer: C) Photoelectric Effect
4. What is the dominant interaction for photons with energy greater than 1.02 MeV?
A) Photoelectric Effect
B) Compton Scattering
C) Pair Production
D) Thomson Scattering
Best Answer: C) Pair Production
5. Which of the following statements about Compton scattering is correct?
A) The scattered photon has the same energy as the incident photon.
B) The interaction is dominant for photon energies between 0.1 and 4 MeV.
C) The photon disappears and produces an electron-positron pair.
D) The interaction is proportional to Z5Z^5Z5.
Best Answer: B) The interaction is dominant for photon energies between 0.1 and 4 MeV.


















Matching Questions:
Match each term in Column A with the correct description in Column B.
	Column A
	Column B

	1. Photoelectric Effect
	A) Elastic scattering of low-energy photons without energy loss.

	2. Compton Scattering
	B) Photon energy is completely absorbed by an electron, which is ejected from the atom.

	3. Rayleigh Scattering
	C) Photon interacts with a free or loosely bound electron, transferring part of its energy.

	4. Pair Production
	D) Photon energy converts into an electron-positron pair, requiring at least 1.02 MeV.

	5. Attenuation Coefficient
	E) Describes how radiation intensity decreases when passing through a material.


Best Answers:
1 → B (Photoelectric Effect → Photon energy is completely absorbed by an electron, which is ejected from the atom.)
2 → C (Compton Scattering → Photon interacts with a free or loosely bound electron, transferring part of its energy.)
3 → A (Rayleigh Scattering → Elastic scattering of low-energy photons without energy loss.)
4 → D (Pair Production → Photon energy converts into an electron-positron pair, requiring at least 1.02 MeV.)
5 → E (Attenuation Coefficient → Describes how radiation intensity decreases when passing through a material.)
4o



Question 3: Conceptual
Explain the concept of pair production and state the minimum energy required for this phenomenon to occur.
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