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Introduction — Academic Program Description

The Bachelor’s program in Laser Physics aims to prepare qualified scientific and
research-oriented professionals with a solid knowledge base in modern physics, with a
particular focus on the principles and applications of lasers, as well as optical and electro-
optical control techniques. The program offers students an integrated combination of theoretical
foundations and advanced practical training, including the study of quantum dynamics of
emission and absorption, the physics of interference and scattering, and the design and

construction of laser systems.

The program is distinguished by its state-of-the-art laboratories equipped with the latest
laser systems and optical measurement instruments, and it adopts a project-based learning
approach that enhances students’ ability to innovate and solve complex scientific and technical
problems. This approach equips graduates to engage in research and development or to work in

advanced sectors.

The curriculum undergoes regular review to ensure alignment with international
academic standards and evolving labour market demands, and it incorporates field training
opportunities, granting graduates a competitive edge in the job market or in pursuing

postgraduate studies at leading global universities.
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1. Program Vision

To be a regional and Arab leader in applied research on laser technologies, with a focus on
innovative solutions to health and medical challenges, and a contribution to the
development of the healthcare sector.

2. Program Mission

The Department of Laser Physics strives to prepare qualified scientific and research
personnel in the field of laser physics and its medical applications, capable of developing
laser technologies used in diagnosis and treatment, and contributing to improving the

quality of life.

3. Program Objectives

The goals pursued by the Department of Laser Physics, in line with its specific vision, are

as follows:

1. Develop specialized educational programs in medical lasers.

2. Conduct advanced research in medical laser applications, with a focus on surgical
procedures, cancer treatment, dermatological therapy, and ophthalmology.

3. Establish partnerships with medical institutions and create joint research centers with
hospitals.

4. Enhance international collaboration through participation in global research projects
and hosting visiting scholars.

5. Develop laboratory infrastructure by equipping labs with the latest devices and

¥ dadall




equipment, and establish a comprehensive database on lasers and their applications.
6. Support faculty members in obtaining higher academic degrees and encourage
participation in scientific conferences and symposia.

7. Disseminate knowledge and publish a specialized scientific journal on lasers.

4. Programmatic Accreditation

nothing

5. Other External Influences

nothing

6. Program Structure

Program Structure Number of courses Study unit ~ Percentage Notes
Institution Requirements 13 19 13.57 % Basic
College Requirements 2 4 2 85 0% Basic
Department Requirements 46 117 83.57 % Basic
Summer Training nothing nothing / /
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The first stage,
Course (1),
according to the
Bologna system

UOBAB0602011

Electrical

UOBAB0602012

Mechanics

UOBAB0602013

Magnetism

UOBAB0602014

Calculus

UOBABD2

Arabic

UOBABDb1

English

The first stage,
Course (2),
according to the
Bologna system

UOBAB0602021

properties of
materiel

UOBAB0602022

Principles of lasers
and optical rays

UOBAB0602023

differential
equations

UOBAB0602024

Life physics

UOBAB0602025

Computer basics

UOBABbD3

Democracy and
human rights




8.The expected learning outcomes of the program

A-Knowledge and Understanding

B-Subject-Specific Skills

Al- To become familiar with the nature of laser beams.
A2- To identify the types of laser beams.

A3- To be able to use different types of lasers in
applications.

A4- To analyze laser device systems.

B1- The student understands of the physical nature of the
laser beam.

B2- The student’s ability to work with laser beams and
laser systems.

B3- Enabling students to analyze the quality of laser beam
applications in medicine and industry.

B4- Reviews of systems for analyzing industrial quality
measurement in laser applications.

C-Thinking Skills

Evaluation methods

C1- Thinking skills according to the student’s ability.
C2- Advanced thinking skills.
C3- Critical thinking strategy in learning.

1- Exams

2- Learning Matrix

3- Which Face

4- CAT (student feedback)

5- Learning Triangle




9. Teaching and Learning Strategies

Learning strategies

1-Thinking strategy according to the student’s ability (for example: if the student is able to learn
the correct concept of management, he will acquire the skill of managing and organizing his

personal life).

2- High thinking skill strategy (for example, if the student wants to make a good decision, it is
important that he thinks well before he makes the decision, and if he decides without thinking, or
if he cannot think well, or if he cannot decide, or perhaps he will not decide, then this This means

he does not have high thinking skills.)

3- Critical thinking strategy in learning (Critical Thanking) (It is a term that symbolizes the highest
levels of thinking, which aims to pose a problem and then analyze it logically to reach the desired

solution).

4-Brainstorming

Methods of teaching and learning

1- Method of giving lectures.

2- Student Center

3- Student groups

4- Workshops

5- (Scientific trips to follow up on the environmental reality)
6- Learning Technologies on Campus

7- (Experiential learning)

8- Application Learning)
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10. Evaluation methods

1- Exams

2- Learning Matrix
3- Which Face
4- CAT (student feedback)

5- Learning Triangle

11. Teaching Staff

Academic staff

Dr. Ghaleb Abd . . .
Professor Wahab Al-Dahsh Physics Solid - materials

Dr.. Enas Muhammad . Molecular
Professor Physics
Salman quantum

Dr. Jassim electrical Laser

Professor Mohammed Jassim engineering technology

Dr. Wajeha Abd-

Professor
Daem

Physics Electro-optics

Assistant | Dr. Bassem Abd Latif Physics Nanotechnology
Professor Ghaleb y laser




Assistant Dr. Lazem Hassan Phvsics Molecular
Professor Abboud y spectra
. ) Nuclear and
Assistant Dr. Sadig Hassan ) )
Physics environmental
Professor Lafta .
physics
Assistan Dr. ] Laser and
ssistant Qusay Physics
Professor | Muhammad Salman molecular
ASSISEaNt | o Al Abd Physics Solid
Professor
Assistant Dr. Nizar Salem . Visual
Physics ..
Professor Shanan communications
Assistan ) ) ]
ssistant Dr. Amir Khudair Physics Nanotechnology
Professor
Assistant ) ]
Dr. Adi Arkan Physics Nanotechnolo
Professor y 9y
Assistant Dr. Muhammad ] Laser and
. Physics
Professor Hamza Khudair molecular
Assistant | Dr.. Saif Muhammad ] Laser and
Physics
Professor Hassan molecular
Assistant Dr. Hussein Neama ] Molecular
) Physics ;
Professor Naguib physics
Assistant Dr.. Saddam Falih Phvsics Lasers and
Professor Haddawi y electro-optics
Assistant Dr.. Ahmed Bagqir . .
Physics Laser techniques
Professor Reda y a
Dr.. Zahraa Jassim . Laser
Teacher Physics .
eache Mohammed y applications
Dr.. Raed Majeed . Laser
Teacher . Physics .
eache Sahib y applications
Dr. h muafag A . Molecular
Teacher sabah muafag Abu Physics .
Khamra physics
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Dr. Muhammad Jawad

Teacher Physics Plasma physics
Jader y phy
) ) lid Physics -
Teacher Dr. wasan Manati's Physics Solid Physics
Branes
Dr. Ahmed Kazem } ]
.. Laser
Teacher Khudairi Physics Physics/Lase
Dr. Nagham . .
) Ph Laser ph
Teacher Muhammad Obaid ysics aser physics
Dr.. Hamsa Naji . . .
Ph Life ph
Teacher Abdel ysics ife physics
istan ] L
assistant Anfal Fadel Ahmed Laser physics Thin films
teacher
i . m r
assistant Zahraa Yassin Calculators Compute
teacher software
istan . ]
assistant Ali Khattab Shaker Physics Nanotechnology
teacher
assistant ) ) Mechanical Mechanical
Ali Hassan is a martyr . . . .
teacher engineering engineering
assistant Zainab Shaker Phvsics Nano phvsics
teacher Muhammad y Phy
assistant ) ) ] ]
Hassan Ali Majeed Physics Laser physics
teacher J y phy
- _ _ F
assistant Rafi Toma Ahmed Physics Solid s_tate
teacher physics
istan ] ) ] ]
assistant Khaled Mahdi Jassim Physics Laser physics
teacher
assistant Asmaa Mahmoud L aser phvsics L aser phvsics
teacher Haider phy phy




Professional Development

Teaching, like any other art, can be acquired by practicing and following its methods and principles,
provided that there is a sincere desire to practice the teaching profession, and the method in education
means taking interconnected steps to reach a specific goal that you hope to achieve. Therefore, it must
follow the basic principles of good teaching, which are:

1- Directing and guiding learners by creating educational situations that lead to desirable activities.

2- Providing an atmosphere of love, kindness and cooperation between the teacher and the learners and
between the learners themselves through his love for his students without discrimination and not excessive
feminization.

3- Adopting democratic leadership through the emotional relationship between the teacher and his
students, which leads them to control based on mutual respect and creating a cooperative atmosphere
between the students and between the teacher and his students.

1- Thinking strategy according to the student’s ability (for example: if the student is able to learn the correct
concept of management, he will acquire the skill of managing and organizing his personal life). And the high
thinking skill strategy (for example, if the student wants to make a good decision, it is important that he thinks well
before he makes the decision, and if he decides without thinking or if he cannot think well or if he cannot decide or
perhaps he will not decide, this means He does not have high thinking skills.)

2- General and transferable skills (other skills related to employability and personal development).
3- Verbal communication.
4- Teamwork.

5- Analysis and investigation (collecting information systematically and scientifically to establish facts and
principles for solving the problem).




12.Acceptance criterion

Central acceptance and parallel acceptance

13.The most important sources of information about the program

1- The website of the college and university.

https://csg.uobabylon.edu.ig/

https://csg.uobabylon.edu.ig/department/?cdid=4

https://csg.uobabylon.edu.ig/department/dep lectures.aspx?cdid=4

2- University guide .https://systems.uobabylon.edu.iq /

3- The most important books and resources in the college library.

14.Program development plan

Applying the Bologna Process to students in the upcoming academic stages, along with organizing
workshops and seminars to familiarize faculty members with the requirements of the Bologna Process,
how to implement it, discussing its drawbacks and obstacles, and finding solutions to them. Working on
developing the laboratory infrastructure, equipping the labs with the latest devices and equipment, and
establishing a comprehensive information bank about lasers and their applications. Building partnerships

with medical institutions and establishing joint research centers with hospitals.
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Program skills Outline

Required program learning outcomes

Course Basic or Knowledge Skills Ethics

Year/Level Course Code

Name optional A As B Bs Co

UOBAB0602011 Electrical Basic * *

UOBAB0602012 Mechanics Basic
The first stage,

Course (1), UOBAB0602013 Magnetism Basic
according to
the Bologna | UOBAB0602014 Calculus Basic

system

UOBABD2 Arabic Basic

UOBABDb1 English Basic




Program skills Outline

Required program learning outcomes

B

Name optional A,

Az B, Bs C, Cs

properties of

UOBAB0602021 .
materiel

Basic

Principles of
UOBABO0602022 lasers and

optical rays
The first stage,

Course (2), UOBAB0602023
according to

the Bologna  ™(;0BAB0602024 | Life physics
system

differential
equations

Computer

UOBAB0602025 .
basics

Democracy
UOBABD3 and human
rights




Program skills Outline

Required program learning outcomes

Year/Level

Course Code

Course
Name

Basic or
optional

Knowledge

Skills

Ethics

Az Az

B

Cs

Second stage
Course (1)

according to
the Bologna
system

LPHY?2311

Geometrical
optics

Basic

LPHY?2312

Introduction to
laser physics

Basic

LPHY?2313

Modern
physics

Basic

LPHY?2314

Analogue
Electronics

Basic

LPHY?2315

Principles of
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Required program learning outcomes
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1- Identify the different forms of energy and how they
can be classified.

2- Describe the basic structure and function of the vital
cell.

3- Define the cell membrane and its role as a barrier for
diffusion by allowing the interaction between the
intracellular and extracellular A Hall 3alal) Calaa)

4- Explain the concept of the electrical excitability of
cell.5- Comprehend the principles of Diffusion and
directed transport of different ions concentrations that
must track where it comes from and where it goes
through the cell.

alail) g alail) ol i 9

Type something like: The main strategy that will be adopted in delivering this module is to 3\3\;:\3\)34»?\
encourage students’ participation in the exercises, while at the same time refining and
expanding their critical thinking skills. This will be achieved through classes, interactive tutorials
and by considering types of simple experiments involving some sampling activities that are




interesting to the students.

oA Ay KK
49, . J 3aa gl A ?Sa_d“\“l;m‘ Qe
a:iL “l,:d‘ 43.) j & :}l ?“l . -« v ) &w\g‘
Theoretica”y Introduction: The | Identify different 2
energy around us forms of energy JsY g sl
Theoretically | Structure and Describe the basic 2 i
RES ‘ y\
Function of Cells ‘structure a.nd T
function of the vital
cell
Theoretically | Cellular membranes. Define the cell 21 saE & suY]
membrane and its )
role
Theoretically | Electrical excitabilit Explain the concept
Yy i xcitability xplai .p 2 C—.")”t)—.‘“w
of the electrical
of cell membranes. .
excitability of cell
Theoreticall iffusi .
y | Diffusion and Comprghgnd the 2 u.ml.;l\ iﬁ'-‘“y\
directed transport principles of
' Diffusion
Theoretically | The membrane Understand the 2
. concept of the
potential membrane potential bl t;,u&\
Theoretically | The Nernst Define the Nernst 2
I . equilibrium potential
Equilibrium Potential and how it describes
the electrical force
and the chemical @L...J\ &}..u‘j\
force.
Theoretically | Electrical Circuit the vital cell as a 2
Model of the Cell simplified electrical
Membrane circuit using some
physics laws
including ohm’s law el & gan¥)
and Kirchhoff’s
current law.
Theoretically | Excitability: The Define the Hodgkin 2
Hodgkin—Huxley and Huxley model =) N
mathematical model S T
Theoretically | Wave Propagation in | Distinct between the 2 il &_9.}.;.»\1\
Excitable Systems | two most important
types of traveling




waves in excitable
systems

Theoretically | Introduction to Understand an galaj\ & s
cardiomyocyte example of one of e

science the most important

vital cell in the

human body which is

the cardiac cell
Theoretically Information Understand an ‘_s_al_ﬂ\ g s
processing in the examplg of one of e

the most important

heart system. vital cell in the

human body which is

the cardiac cell
Theoretically | Membrane lon Understand an Gl & gansY)
channels and lonic examplg of one of e

the most important

currents. vital cell in the

human body which is

the cardiac cell
Theoretically | Equilibrium behavior Understand an @\)l\ g s
and action potentials example of one of e

the most important

vital cell in the

human body which is

the cardiac cell
Theoretically | Some medical devices Learn about some oudll g gany)
and their impact on | medical devices used e

the human body. in the diagnosis and

treatment of some

pathological

conditions
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1- Parke, William C., “Biophysics”,
Springer International Publishing, August
2020

2- Mark C. Leake, “Biophysics Tools and
Techniques for the Physics of Life”, 2nd
Edition, CRC Press, December 12, 2023
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Computer Fundamentals: The step-by-step Guide to
Understanding Computers. (2021)
How Computers Really Work: A Hands-On Guide to the Inner
Workings of the Machine. (2020)
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https://www.tutorialspoint.com/computer_fundamentals/
computer_fundamentals_tutorial.pdf
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Ministry of Higher Education and
Scientific Research - Iraq
University of Babylon
College of Science for Women

Department of Laser physics

MODULE DESCRIPTION FORM
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Module Information
:Lu.u\‘)ﬂ\ 3alall &LILA}L.A

Module Title Introduction to Analytical Mechanics | Module Delivery
Module Type Core XTheory
Modul q [Lecture
odule Code CLab
ECTS Credits Lirutorial
[Practical
SWL (hr/sem) [Seminar
Module Level UGx11 Y Semester of Delivery Y
Administering Department Laser Physics | College College of Science for Women
Module Leader Nagham M. Obaid e-mail sciw.naghm@uobabylon.edu.iq
Module Leader’s Acad. Title Lecturer Module Leader’s Qualification Ph.D.
Module Tutor e-mail
Peer Reviewer Name e-mail
lS)t:(::tlflc Committee Approval 01/09/2024 | Version Number 1.0
Relation with other Modules
G AY) Al all ol gall ae A8
Prerequisite module None Semester
Co-requisites module None Semester
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Module Aims, Learning Outcomes and Indicative Contents

Bl Y il sinal) g abesl il Al al) salall Calaal

Module Objectives
Jaud Al salall Calaal

The purpose of this module is to:

1. Learn about the basics of analytical mechanics from the study
of vector analysis.

2. Explain the law of moment of force around a known point

and how to change the coordinate system.

3. Explain the Derivative, Integration of vectors and kinematics

of a particle.

4. Learn about the relative velocity of objects and the tangential

and normal components of acceleration.

5. Explain the velocity and acceleration in polar, cylindrical and

spherical coordinates.

6. Explain the three laws of linear motion.

7. Explain Lagrange and Hamilton equations.

Module Learning
Outcomes

Aol Hal) 3alall aladl) s j3a

After teaching this module, the students will be able to:
1. Understand vector analysis and problem-solving.
2. Calculate the law of moment of force around a known point
and Find conversion coefficients to the coordinate system.
3. find the derivative, integration of vectors and kinematics of a
particle.
4. find the relative velocity of objects and the tangential and
normal components of acceleration.
5. Distinguish between velocity and acceleration in polar,
cylindrical and spherical coordinates.
6. understand the three laws of linear motion.
7. Explain and derive Lagrange and Hamilton equations to solve

complex analytical mechanics problems.

Indicative Contents
Lol ) ey sinall

Indicative content includes the following.

Physical quantities and units, scalar and vector quantities. Vector




Addition, Multiplication by a scalar, Vector subtraction,

Magnitude of a Vector, The scalar product, The Vector product .

Torque of a force (IV), The change of coordinate system,
Problems. The velocity Vector, Acceleration Vector. [10hrs]
Vector Integration, Tangential and Normal components of
acceleration. [2hrs]

Velocity and Acceleration in plane polar coordinates, Velocity
and Acceleration in cylindrical coordinates and spherical
coordinates, Problems. [2hrs]

Newton s laws of motion , Newton s 1st law, mass and force,
Newton s 2nd law and 3rd law , linear momentum. Rectilinear
motion , the kinetic and potential energy, The force as a function
of position Only (the concepts of kinetic and potential Energy).
Force as a function of Velocity,

Force as a function of time, Problems.[6 hrs]

The work principle , conservative forces and force fields.
Magnitude of the Angular momentum, Orbit of a particle in a
central force field. Lagrange s equations , Generalized
coordinates, Generalized forces, some applications. The
Hamiltonian function, Hamilton s equations. General review and

more different solution examples. [10 hrs]

Learning and Teaching Strategies

bl 5 il i) i

Strategies

The main strategy that will be adopted in delivering this course is to
introduce the student to the methods of analytical mechanics and
develop the mathematical skills required to solve problems in
analytical mechanics, Kkinetic dynamics, and other areas of

theoretical physics, while at the same time improving the ability to




Understand and comprehend the theoretical mathematical
derivations important for explaining various mechanical Kinetic

phenomena.

Student Workload (SWL)

Structured SWL (h/sem) Structured SWL (h/w)

Jomdl) I U piall sl 5l Jan L ssa L Alatiall a3 Jaal
Unstructured SWL (h/sem) Unstructured SWL (h/w)

Jomdl) I8 I Ll e ol ) Jaal) e sl U STl e a5l el

Total SWL (h/sem)
Juaill & Calllall KN a5l Jaal)

Module Evaluation

2\_),.»\);3\ saldll fﬁ:ﬁ"
Relevant Learning
Time/Number Weight (Marks) Week Due
Outcome
Quizzes 10% (10) 5and 10 LO #1, #2 and #9
Formative Assignments 10% (10) 2and 12 LO #4, and #5
assessment Projects / Lab. 10% (10) Continuous | All
Report 10% (10) 13 LO #5, #8 and #10
Summative Midterm Exam 10% (10) 7 LO #1 - #6
assessment Final Exam 50% (50) 16 All
Total assessment 100% (100 Marks)
Delivery Plan (Weekly Syllabus)
bl o sl Zleidl)
Material Covered
week 1 | Physical quantities and units, scalar and vector quantities.
Week2 | Basic Concepts and Vector Analysis.
Week3 | Torque of a force (), The change of coordinate system.




week4 | The velocity Vector, Acceleration Vector.
Week5 | Vector Integration, Tangential and Normal components of acceleration.
Velocity and acceleration in plane polar coordinate.
weeke Velocity and acceleration in cylindrical and spherical coordinates.
Week7 | Newton s laws of motion, linear momentum.
week 8 | Rectilinear motion , the kinetic and potential energy.
week 9 | Force as a function of Velocity,Force as a function of time.
Week 10 | The work principle , conservative forces and force fields.
Magnitude of the Angular momentum, Orbit of a particle in a central force
Week 11
field.
Week 12 | Lagrange s equations, Generalized coordinates.
week 13 | Generalized forces, some applications.
Week 14 | The Hamiltonian function, Hamilton s equations.
week 15 | General review and more different solution examples.
Delivery Plan (Weekly Lab. Syllabus)
il e ¥l zleidll
Material Covered
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6

Week 7




Learning and Teaching Resources
U‘“:.’Jﬂ\} (:S’..\M J.JLAA

Text Available in the Library?

Required Texts

- Analytical Mechanics, G. R. Fowles and G.
L. Cassidy, Thomson Brooks/Cole, 7%

Recommended edition, 2005.
Texts - Classical Dynamics of Particles and System,
S. T. Thornton and J. B. Marion, Thomson
Brooks/Cole, 5" edition, 2004.
Websites http://ocw.mit.edu/courses/analytical mechanics/
Grading Scheme
Group Grade paal) Marks % | Definition
A - Excellent Dbl 90 - 100 Outstanding Performance
B - Very Good [RENRTEN 80-89 Above average with some errors
(S:(;:(ielsgoG)roup C - Good RYES 70-79 Sound work with notable errors
D - Satisfactory Lo gl 60 - 69 Fair but with major shortcomings
E - Sufficient Jsie 50-59 Work meets minimum criteria
Fail Group FX - Fail (Aadlaall 08) il ) | (45-49) More work required but credit awarded
(0-49) F - Fail Gl (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the
automatic rounding outlined above.
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U""'.-me?w‘)dw Y
1-Principles of Lasers - 4th. ed. - Orazio Svelto (S o Lagidl ) 5 _all sl
Y- Fundamentals of Light Sources and Lasers ,Mark Csele,
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Module Information
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Module Title Modern physics Module Delivery
Module Type Core XTheory
XLecture
Module Code KLab
. Tutorial
ECTS Credit .
redits == OPractical
SWL (hr/sem) 60 [OSeminar

Module Level

3

Semester of Delivery

Administering Department

Type Dept. Code

College

Type College Code

Module Leader

Sadig Hassan Lefta

e-mail

wsci.sadig.hussan@uobabylon.edu.iq

Module Leader’s Acad. Title Assistant Professor Module Leader’s Qualification Ph.D.
Module Tutor Name (if available) e-mail E-mail
Peer Reviewer Name Dr. Lazim Hassan e-mail E-mail
Scientific Committee Approval 19/06/2025 Version Number 1.0
Date

Relation with other Modules

LAY Al all ol gall ae A8

Prerequisite module None Semester
Co-requisites module None Semester




Module Aims, Learning Outcomes and Indicative Contents
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Module Objectives
Aud all saldl Calaal

Modern Physics 1 deals with the application of quantum mechanics to
understand the properties of atoms and materials. As such, Modern Physics 1
is fundamental to our understanding of the building blocks of the Universe as
well as the engineering and technology of atomic systems and electronic
devices.

Ch. 1 Special theory of relativity, Einstein’s postulates, time dilation, contracted
length, energy ...

Ch. 2 Particle and wave properties of matter, Planck’s quantum and blackbody
radiation, Photoelectric effect,...

Ch. 3 Classical atomic structure, Bohr model of atomic hydrogen, ...

Ch. 4 De Broglie wavelength, Heisenberg uncertainty principle, wave functions ...

Ch. 5 Schrodinger Wave equation, eigenvalues, square well potential, potential
....barriers, tunneling

1. special theory: The student learns the basic concepts and principles of the special
theory of relativity

1. The principle of relativity: The laws of physics are the same in all inertial systems.
There is no way to detect absolute motion, and no preferred inertial system exists.

2. The constancy of the speed of light: Observers in all inertial systems mea- sure the
same value for the speed of light in a vacuum.

2.Particle behavior of waves .

a. Understand the principles and theoretical background of the photoelectric
phenomenon

B. and the use of mathematical formulas and laws to explain the particle behavior of
.waves

¢. Understanding the wave behavior of particles by studying the phenomenon of X-
rays, the Compton phenomenon, and pair production through theoretical and
..mathematical explanations.

3. Particles wave behavior

a. Explain the duality of nature expressed by Einstein in which matter and energy
were not independent but were in fact interchangeable.

b. Understand the de Broglie relation as the particle face, which is momentum, and
the wave face, which is wavelength.

c. Show that the wave behavior of particles does not appear in the case of large
particles

4.Quantum Mechanics

a. Quantum mechanics deals with physical systems that are made up of particles and
forces.

b. After the particle has been represented in a wave way, special laws for this new
type of behavior must be developed.

c. Explanation of the dependent and non-time dependent Schrodinger equation.




Module Learning
Outcomes
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As a result of taking this course, students should be able to:

1. Demonstrate understanding of the scientific method of work and the evolution of
physics from the classical to its modern era.

2. Demonstrate knowledge and understanding of electric and magnetic
phenomena in everyday life.

3. Discuss the nature of light and the electromagnetic spectrum and outline practical
applications.

4. Demonstrate knowledge of the fundamentals of important physics theories (e.g.
relativity, quantum) and discuss the way they challenge our preconceptions.

Indicative Contents
Lal3 LYl gl

1. The student's knowledge of the scientific theories of modern physics.

2. Enable the student to know and understand the theories developed to explain
some physical concepts that classical physics could not explain.

3. The student's knowledge of how to quantitatively interpret the laws of physics,
and link these quantitative laws to contemporary technological applications.

. Teaching the student how to use the laws of mathematics in advanced calculus to
address theories and physical laws.

5. Enabling the student to practice discussing the scientific material by presenting the
lectures and explaining them by the professor of the subject and opening the door
for discussion by directing scientific questions to the students in addition to the
method of assigning the student with homework.

Learning and Teaching Strategies

bl 5 Ll i) i

Enable students to solve problems related to the intellectual framework of modern

Strategies physics by adopting theories and laws that are used to explain scientific phenomena.
By providing the student with the basics and additional topics related to modern
physics, forming discussion groups during lectures and raising intellectual questions.

Student Workload (SWL)
e sl \OJ&T\WQ&MG&:\JAM Jaal)

Structured SWL (h/sem) 60 Structured SWL (h/w) 4

Jadll PUA lUall alatiall ol jal) Jaa) Lo sand calldall aliiall sl 5l Qs

Unstructured SWL (h/sem) 15 Unstructured SWL (h/w) 1

Jadll A QlUall alaiiall pe ol jall Jasdl Lo sanl lUall alaiiall e sl Hall sl

Total SWL (h/sem) 60

Juadll P& llall S il jall Jasdl




Module Evaluation
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Time/Number Weight (Marks) Week Due Relevant Learning
Outcome
Quizzes 2 10% (10) 5and 10 LO #1, #2 and #10, #11
Formative Assignments 2 10% (10) 2and 12 LO #3, #4 and #6, #7
assessment Projects / Lab. 1 10% (10) Continuous | All
Report 1 10% (10) 13 LO #5, #8 and #10
Summative Midterm Exam 2hr 10% (10) 7 LO #1 - #7
assessment Final Exam 3hr 50% (50) 16 All
Total assessment 100% (100 Marks)

Delivery Plan (Weekly Syllabus)

bl o gl Zleiall
Material Covered
Week 1 Relativity special theory.
Week 2 Galileo's laws, Lorentz's laws.
Week 3 time dilation, length contraction, mass increase.
Week 4 relative energy, relativistic momentum,
Week 5 photoelectric phenomenon.
Week 6 x-rays, Compton phenomenon.
Week 7 pair production phenomenon
Week 8 De Broglie hypothesis
Week 9 phase velocity and wave velocity, Uncertainly principle.
Week 10 | Material wave, time-dependent Schrodinger equation,
Week 11 | time-independent Schrédinger equation
Week 12 | Particle in a hard box.
Week 13 | particle in a soft box
Week 14 | energy quantization
Week 15 | Harmonic oscillator
Week 16 | Preparatory week before the final Exam




Delivery Plan (Weekly Lab. Syllabus)

Material Covered

Week 1 Lab 1: Finding the Rydberg constant.

Week 2 Lab 2: The solar cell.

Week 3 Lab 3: Spectrum of sodium light.

Week 4 Lab 4: Spectrum of cadmium light.

Week 5 Lab 5: Black body radiation experiment,

Week 6 Lab 6: Finding the electron charge-to-mass ratio.

Week 7 Lab 7: Tingle slit experiment.

Learning and Teaching Resources
Lﬁ)ﬂ\} (Ja:\j\ JJLAAA

Text Available in the Library?

Fundamental of modern physics By Masatoshi
Kajita 2023

Required Texts Yes

Introduction to Atomic Physics
Recommended By Dr. L. Bruno Chandrasekar Dr. K. Gnanasekar

Texts Edition: First- 2022 es
Websites www.cengage.com/highered
Grading Scheme
Group Grade sl Marks % | Definition
A - Excellent bl 90- 100 Outstanding Performance
B - Very Good las 2 80-89 Above average with some errors
(S:(;:(ielsgoG)roup C - Good L 70-79 Sound work with notable errors
D - Satisfactory Lo gl 60 - 69 Fair but with major shortcomings
E - Sufficient Jsie 50-59 Work meets minimum criteria
Fail Group FX — Fail (Aadlaall 08) il ) | (45-49) More work required but credit awarded
(0-49) F - Fail cal (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the
automatic rounding outlined above.



https://www.amazon.com/Concepts-Modern-Physics-Arthur-Beiser/dp/0072448482
https://agacollege.academia.edu/karunakaran?swp=tc-au-102662968
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Module Information
da) Hal) Balal) Chla slasa

Module Title Atomic and molecular physics Module Delivery
Module Type Core XTheory
XLecture
Module Code RLab
. Tutorial
ECTS Credit .
recrs & OPractical
SWL (hr/sem) 60 [OSeminar

Module Level

3

Semester of Delivery

Administering Department

Type Dept. Code

College

Type College Code

Module Leader

Sadig Hassan Lefta

e-mail

wsci.sadig.hussan@uobabylon.edu.iq

Module Leader’s Acad. Title Assistant Professor Module Leader’s Qualification Ph.D.
Module Tutor Name (if available) e-mail E-mail

Peer Reviewer Name Dr. Lazim Hassan e-mail E-mail

SDC;::tlflc SISO 19/06/2025 Version Number 1.0

Relation with other Modules

AV Agusl 5l 3 sall ae 28|

Prerequisite module

None

Semester

Co-requisites module

None

Semester




Module Aims, Learning Outcomes and Indicative Contents
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Module Objectives
Au) all saldl Calaal

This course provides an introduction to the field of atomic and molecular
physics. This will include a description of classic historical experiments and
results and theoretical concepts from quantum mechanics. An experimental
lab is part of the course.

1. Early atomic physics

a. The student learns the basic concepts and principles of the basic of atomic physics.
b. Clarification Basis for atomic theory.

c. lllustration Bohr model of the hydrogen atom

2. Spectral Series

a. Spectrum of an element were found to fall into sets called spectral series.

b. Understand the wave behavior of an electron in orbit around a hydrogen nucleus.
c. Study ground and excited state.

3. Atomic excitation

a. Understand the principles and theoretical background of the atomic excitation.

b. Explanation two main ways in which an atom can be excited to an energy
above its ground state.

4.Franck-Hertz Experiment

a. Franck and Hertz observed the emission spectra of vapors during electron
bombardment.

b. Use the experiment diagram to explain its mechanism of action

c. Indication of critical stress condition

5. Schrédinger’s equation for the hydrogen atom.

a. For the sake we shall proton to be stationary, with the electron moving about in its
vicinity but prevented from escaping by the proton’s electric field

b. Using of mathematical formulas and laws to explain the To show that the hydrogen
atom electron has three moves

6. Separation of variables

a. Explain t6hat the advantage of writing Schrédinger’s equation in spherical polar
coordinates for the problem of the hydrogen atom is that in this form it may be
separated into three independent equations.

b. Elucidation Schrodinger’s equation for the hydrogen atom, which began as a
partial differential equation for a function y of three variables.

7. Zeeman effect

a. Explain The magnetic moment of the orbital electron in a hydrogen atom depends
on its angular momentum L.

b. Explain the difference between the ordinary and the unusual Zeeman
phenomenon




Module Learning
Outcomes

o Hall 3alall alasl) s jAa

1.Understand the derivation of and be able to apply the selection rules for the
interaction of electric dipole radiation and atoms.

2.Understand time independent perturbation theory including its derivation and
be able to apply it to simple systems, including the Stark-Effect and Zeeman
Effect.

3.Understand the exchange degeneracy and how this affects the excited states
of helium.

4. Understand the origin of line widths and shapes in atomic spectra.
5.Understand the Periodic table from the viewpoint of the electronic structure.
6.Know about Einstein A and B coefficients and the relationship between them.

7.Understand the quantum numbers, including their physical significance, and
quantum mechanical states of the hydrogen atom.

8.Understand the concepts of a good quantum number and simultaneous
observability.

9.Know about the origins of fine structure in atomic spectra.

10.Understand and be able to apply to simple cases time dependent
perturbation theory.

Indicative Contents

1. The student's knowledge of the scientific theories of modern physics.

2. Enable the student to know and understand the theories developed to explain
some physical concepts that classical physics could not explain.

3. The student's knowledge of how to quantitatively interpret the laws of physics,
and link these quantitative laws to contemporary technological applications.

. Teaching the student how to use the laws of mathematics in advanced calculus to

A0ald LY Al gisll
el address theories and physical laws.

5. Enabling the student to practice discussing the scientific material by presenting the
lectures and explaining them by the professor of the subject and opening the door
for discussion by directing scientific questions to the students in addition to the

method of assigning the student with homework.

Learning and Teaching Strategies

e_..\l,.ﬂ\} (J,:J\ Glaad) yil

Strategies Enable students to solve problems related to the intellectual framework of atomic

physics by adopting theories and laws that are used to explain scientific phenomena.



https://www.southampton.ac.uk/courses/modules/phys3008#syllabus
https://www.southampton.ac.uk/courses/modules/phys3008#syllabus

By providing the student with the basics and additional topics related to modern
physics, forming discussion groups during lectures and raising intellectual questions.

Student Workload (SWL)

Structured SWL (h/sem) €0 Structured SWL (h/w) 4
Juadl) JBA lUall alaiiadl) ol Al Jasl) e saul calldall alaiiall ol yall Jasll

Unstructured SWL (h/sem) 15 Unstructured SWL (h/w) 1
Jadl) JBA Ul alaiidd) yee ol Al Jaal) e sand Calldall alaiiall pue o jall Jasl)

Total SWL (h/sem)

Juadll A ldall Y il el Jasl 60
Module Evaluation
A Hal) 3alal) v":‘“
Time/Number Weight (Marks) Week Due Relevant Learning
Outcome
Quizzes 2 10% (10) 5and 10 LO #1, #2 and #10, #11
Formative Assignments 2 10% (10) 2 and 12 LO #3, #4 and #6, #7
assessment Projects / Lab. 1 10% (10) Continuous | All
Report 1 10% (10) 13 LO #5, #8 and #10
Summative Midterm Exam 2hr 10% (10) 7 LO #1 - #7
assessment Final Exam 3hr 50% (50) 16 All

Total assessment

100% (100 Marks)

Delivery Plan (Weekly Syllabus)
Lﬁ)m‘ = s GL@_LJ\

Material Covered

Week 1 Electron, Atomic Spectra.

Week 2 The Bohr Atom, Electron waves in the atom

Week 3 Energy Levels and Spectra.

Week 4 | Atomic Excitation.

Week 5 Schrodinger’s Equation for the Hydrogen Atom.
Week 6 Separation of Variables.




Week 7 Quantum Numbers.
Week 8 Orbital Quantum Number, Magnetic quantum number.
Week 9 phase velocity and wave velocity, Uncertainly principle.
Week 10 | Zeeman Effect
Week 11 | Electron Spin, Exclusion Principle.
Week 12 | Spin-Orbit Coupling
Week 13 | Total Angular Momentum
Week 14 | The Molecular Bond
Week 15 | The hydrogen molecule.
Week 16 Preparatory week before the final Exam
Delivery Plan (Weekly Lab. Syllabus)
faall e gl mleiall
Material Covered
Week 1 Lab 1: Palmer series experiment
Week 2 Lab 2: Frank-Hertz experiment
Week 3 Lab 3: Experiment to find Rydberg constant using cadmium source
Week 4 Lab 4: Zeeman effect experiment.
Week 5 Lab 5: Absorption coefficient experiment.
Week 6 Lab 6: Geiger counter experiment..
Week 7 Lab 7: Experiment Finding Planck's constant using the photocell.
Learning and Teaching Resources
Al g aladl) jalias
Text Available in the Library?
Required Texts Fundamental of modern physics Yes

By Masatoshi Kajita 2023

Recommended | By Dr. L. Bruno Chandrasekar Dr. K. Gnanasekar

Texts

Introduction to Atomic Physics

Yes

Edition: First- 2022

Websites

www.cengage.com/highered



https://www.amazon.com/Concepts-Modern-Physics-Arthur-Beiser/dp/0072448482
https://www.amazon.com/Concepts-Modern-Physics-Arthur-Beiser/dp/0072448482
https://www.amazon.com/Concepts-Modern-Physics-Arthur-Beiser/dp/0072448482
https://agacollege.academia.edu/karunakaran?swp=tc-au-102662968
https://agacollege.academia.edu/karunakaran?swp=tc-au-102662968

Grading Scheme

Group Grade paail) Marks % | Definition

A - Excellent Dbl 90 - 100 Outstanding Performance

B - Very Good [SENRTEN 80-89 Above average with some errors
(S:(;:felsgoc)iroup C - Good 2 70-79 Sound work with notable errors

D - Satisfactory b gl 60 - 69 Fair but with major shortcomings

E - Sufficient Jsia 50-59 Work meets minimum criteria
Fail Group FX - Fail (Adleall 28) i 5 | (45-49) More work required but credit awarded
(0-49) F - Fail Gl (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the
automatic rounding outlined above.
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: Distinguish between light rays and light waves. ...............
e State the law of reflection and show with appropriate
drawings how it applies to light rays at plane and spherical
surfaces.

e State Snell’s law of refraction and show with appropriate
drawings how it applies to light rays at plane and spherical
surfaces.
¢ Define index of refraction and give typical values for glass,
water, and air.

e Calculate the critical angle of incidence for the interface
between two optical media and describe the process of total
internal reflection.
¢ Describe how total internal reflection can be used to redirect
light in prisms and trap light in fibers.

* Describe dispersion of light and show how a prism disperses
white light.

e Calculate the minimum angle of deviation for a prism and
show how this angle can be used to determine the refractive
index of a prism material.

¢ Describe what is meant by Gaussian or paraxial optics.

¢ Describe the relationship between collimated light and the
focal points of convex and concave mirrors.
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¢ Use ray-tracing techniques to locate the images formed by
plane and spherical mirrors. ® Use the mirror equations to
determine location, size, orientation, and nature of images
formed with spherical mirrors.

e Distinguish between a thin lens and a thick lens.

¢ Describe the shapes of three typical converging (positive)
thin lenses and three typical diverging (negative) thin lenses.
¢ Describe the f-number and numerical aperture for a lens and
explain how they control image brightness.

¢ Use ray-tracing techniques to locate images formed by thin
lenses.

¢ Describe the relationship between collimated light and the
focal points of a thin lens.

¢ Use the lensmaker’s equation to determine the focal length
of a thin lens.

¢ Use the thin-lens equations to determine location, size, @
orientation, and nature of the

................................................. images
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Teaching the principles of optics involving ordinary light and laser light can be
engaging and effective when incorporating hands-on activities, demonstrations,
and interactive discussions. Here's a suggested strategy:

Introduction to Light Rays and Waves: Begin with an overview of light as
electromagnetic radiation, introducing concepts such as wavelength, frequency,
and the wave-particle duality of light.

Comparing Ordinary Light with Laser Light: Highlight the differences between
ordinary light and laser light. Discuss properties such as coherence,
monochromaticity, and directionality. Conduct a demonstration where students
observe the behavior of both types of light using diffraction gratings or by
passing them through various materials to showcase differences in scattering and
coherence.

Bending Light Rays in a Fish Tank: Set up an experiment where students
observe the bending of light rays as they pass through different mediums, such
as air, water, and glass. This can help illustrate the concept of refraction and
Snell's law. Encourage students to measure and compare the angles of incidence
and refraction.

Laws of Reflection and Refraction: Introduce the laws of reflection and
refraction using interactive animations or real-world examples. Discuss how these
laws govern the behavior of light when it interacts with optical surfaces.
Reflection from Optical Surfaces: Explore the reflection of light from both
plane and curved surfaces. Conduct experiments using mirrors of different
shapes to demonstrate how the angle of incidence affects the angle of reflection.
Refraction from Optical Interfaces: Teach the concept of refraction using

faal i)




Snell's law and discuss the role of the index of refraction in determining the
direction of light as it passes through different mediums. Perform experiments
with prisms to demonstrate refraction, dispersion, and total internal reflection.
Image Formation with Mirrors and Lenses: Use graphical ray-tracing methods
to explain how images are formed by mirrors and lenses. Discuss the
characteristics of images formed by plane mirrors, spherical mirrors, and thin
lenses, including magnification and orientation.

Lens Formulas and Calculations: Introduce the thin lens formulas and teach
students how to calculate image distances, magnifications, and focal lengths
using the sign convention. Provide examples and practice problems for
reinforcement.

Application and Real-world Examples: Engage students with real-world
applications of optics, such as in cameras, telescopes, and microscopes. Discuss
how the principles they've learned are utilized in these devices and encourage
critical thinking about their design and function.

. Hands-on Activities and Projects: Incorporate hands-on activities, such as
building simple optical instruments or conducting experiments with lenses and
mirrors, to reinforce concepts and encourage exploration. Assign projects where
students research and present on specific applications or phenomena related to
optics.
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................................................................

2- Definition of monochromatic aberrations, its causes and
consequences.

3- Studying spherical aberration, coma, field curvature,
astigmatism and deformation.

4- Definition of color aberrations, their types, causes and
results.

5- Definition and installation of compound lenses and their
most important characteristics.

6- Beginning to develop the student's ability to link optical
devices to form simple optical systems.

7- Increasing the student's knowledge of the most complex
visual systems.

8- Clarification of the most important optical systems such
as telescopes and microscopes, their types and limitations.

A simple study on the basic structure of cameras and their

A Hal) 3alal) Calaa)




most important properties and limitations of their work

10- 10- Enriching the student's information about complex
optical devices by identifying the spectral devices and their
most important parts, which is the diffraction grating

11- A detailed explanation of the process of forming @
spectra by means of a diffraction grating, its most
important characteristics and limitations of its work

alail) g asdeil) i) il 8

Type something like: The main strategy that will be adopted in delivering this module is to
encourage students’ participation in the exercises, while at the same time refining and
expanding their critical thinking skills. This will be achieved through classes, interactive tutorials
and by considering types of simple experiments involving some sampling activities that are

interesting to the students.
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1- Steven C. Chapra, “Applied Numerical
Methods with MATLAB for Engineers
and Scientists”, 5th Edition,

McGraw Hill, April 4, 2022

2- Steven C. Chapra and Raymond P. Canale,
“Numerical Methods for Engineers”, 8th

Edition, McGraw Hill, March 3, 2020
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