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Required program Learning outcomes

Ethics Skills Knowledge Course Name Year/Level
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English Language |
Advanced Nuclear
physics
Advanced Quantum
mechanics
Electromagnetic
theory
Charged particles
optics




English Language
Advanced Plasma
physics
Advance Solid state
physics |1
Radiological physics
Nuclear models
Statistical mechanics
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1] Introduction to solid state physics
by C. Kittel
2] Elementary to solid a state
Physics by M. Omar
3] Solid state physics by
Ashcroft and Mermin
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error correction
punctuation and spelling
-Writing an informal email
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-Skimming and scanning:
reading for the general
idea, and for particular
information.
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-Brainstorming ideas: topic
areas and  examples;
completing a paragraph
-Linking ideas (1): but,
however, although

Writing a description of
my country

--Synonyms and
antonyms: recognizing
synonyms and antonyms
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-Predicting content: using
the title and the pictures.
Meaning from context:
guessing the meaning of
new words.

- Antonyms from prefixes:
making an opposite word
using un-, in-, il-, im-, ir-
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-Sentences/  Paragraphs;
helping your writing flow
-Varying the structure:
making writing interesting
-Writing an article
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paragraph content.
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- Organizing ideas (1):
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planning the arguments for
and against

-Linking ideas (2): first,
for instance, in conclusion.
-Writing a discursive essay
-Avoiding repetition (1):
using synonyms to vary
your writing
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-Purpose and audience (1
and 2): using visual and
written clues

- Suffixes: identifying
parts of speech

Prefixes: changing the
meaning of words
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- Using formal
expressions: writing
academic  emails and
letters

-Writing a formal email
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Writing essays on selected
subject
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Headway Academic Skills
Reading, Writing, and Study Skills
Level 2 Student Book
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Introduction and
Review
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Derivation of the

Klien-Gordon Eq.
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Relativistic
Invariance of the

Klien-Gordon Eq.
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The Klien—Gordon
Eq. in an EM-Field
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Solution of the Klien—
Gordon Eq. for a

Free Particle
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Solution of the Klien—
Gordon Eq. for a
Charged Particle in
an EM-Field
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Derivation of Dirac’s
Eq.
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Solution of the Dirac
Eq. for a Free
Particle
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Solution of the Dirac
Eq. for a Charged
Particle in an EM-

Field
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The Dirac Eq. for a

central Field
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Relativistic Quantum Mechanics, Walter (s o Loagiall) Lsllaall 5y jaall il

Greiner, Third edition, Springer.
Quantum Mechanics, L. |. Schiff, 3rd Edition (obadll) duatyll aalyall
(Mc Graw—Hill Inc., NY)

cgalall Ol g pemgy A Bl anlpally Call
(eere ot

N gdlsa cigis SSY) g byal




Dl a1

Il 5Ky 2

ool ey 2

adl / Jadll 3

2025-2024 S Lyl [ teale

Coa gl 138 dlae) )5 4

2025/2/1

Jalidl | gmall JKE 5

(‘_ASS\) Gilas gl s /(AS) Aol pall Alelud) ae 6

Bh‘} Eh} /Z\.G\.a.nl

(Sl a1 131 ) ol el J g paae

jazeel.azeez@nahrainuniv.edu.iq : Ja¥! Dee Omes daga ol e

A Al agiad 1) Lgtan g 45y ARl <) slaally e Bal) agh (ha Aglhal) (SaTy @ Foadyal) 3alal) ciaa)

Aaaiiial) clalSlly 4all) 2o )gh 5lopa aa agddli cpa Lpale clia 1S (oo Adhal) oSy @

IO (Bl Cuay i lia Balely Lugial) CEA o el e Alal) (SaTy
oY B pigns (o 4y Zanal

lally adal) lagilind .9

(st zleiall s daial) daal i) Laginay)
@MSQ\JL@A}L;JB#MM%AEFMFM

Zﬁsu.u E)A'AIAA (-;.I.ASJ

DY) 8D A€ o jlal) s jlan (s Aty ) ALl ollac|
ol

b " S ARl i " S Al ) pall g ) 8 L)) ALk
Al ) Al

il A | Aiyh Eodasall gh Bassll and yslhaall aladl) i

a\.}\;;u\ -Making notes: organizing, | (ps S (dlall Cay i
recording, and remembering | laglaall audat rclUaadlal)

.~§ e
4 ads
important information L S¥ig el g dagall




—Interpreting meaning:

recording fact and Speculation
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—Paraphrasing and
summarizing: using other
sources

-Writing a summary
—Noun/Verb + preposition:
associated words

—Using numbers: numbers in

writing
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- dealing with difficult
language and unknown
vocabulary

—-Using the Internet; search
engines; online encyclopedias;
subject directories

Developing a search plan:
making a search efficient and

reliable
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—-Adding extra information:
non-defining relative clauses
Organizing ideas (2):
structuring your ideas
logically, e.g. chronologically

Writing from research
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—Rephrasing and explaining;
dealing with difficult scientific
and technological words

Avoiding repetition (2):

pronouns and what they refer
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Basic nuclear properties

Nuclear forces, Separation energy
of nuclear particle

Liquid drop model, mass
parabola

Shell model

Interaction of radiation with
matter

Interaction of radiation with
matter

Shielding
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> Text Book:

Walter E. Meyerhof: elements of nuclear physics
Kenneth S. Krane: Introductory nuclear physics
Henry Semat and John R. Albright: Introduction
to atomic and nuclear physics
Beiser: Concept of modern physics
Irving Kaplan: Nuclear physics
Cohen: Concepts of Nuclear Physics
Kupta: Concepts of Modern Physics
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E. Kasper, Academic press

Optics of charged particles, H. Wollnik, (Lobaall) Gt yl) aabsall
Elsevier
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On successful completion of the course students will be able to:

1. Have acquire knowledge and understanding about the electronic and nuclear
structure of atoms .

2. Have solved problems related to the structure of atoms and the effect of ionizing
radiation on the body and the environment.

3. Have an appreciation of the influence of atomic and nuclear physics on modern
scientific development.

4. Have the foundations for examining in more detail various aspects of experimental
and theoretical physics which relate to both atomic and nuclear physics.

5. Be able to explain the key areas in which Atomic and Nuclear Physics affects
everyday living.
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The Equations of Poisson and
Laplace.
Charge Conservation, conductors| (s
ELECTRIC FIELDS Il
Electric Multipoles
ELECTRIC FIELDS IV
Energy,

Exam
, Capacitance, and Forces

ELECTRIC FIELDS V
Electric Circuits A

RC Circuits
ELECTRIC FIELDS VI
Electric Circuits B
Circuit Theorems .
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The Advanced Classical Mechanics course for master's students is a academic course aimed at
expanding concepts and knowledge in the field of classical mechanics, which is fundamental for
understanding and analyzing motion and forces in physical systems. This course typically includes
a range of advanced topics in classical mechanics, although the order and organization of these
topics may vary depending on the university or educational institution offering the course.
However, here is a general description of some of the topics that may be included:

1-Lagrangian and Hamiltonian Principles: An overview of the Lagrangian and Hamiltonian
principles related to the analysis of motion in mechanical systems. The focus is on using
generalized variables to describe systems and developing equations of motion.

2-Analytical Classical Mechanics: A deeper exploration of applications of analytical classical
mechanics, such as dynamics, vibrations, polar transformations, and canonical transformations. It
expands on the concepts taught in introductory classical mechanics courses.

3-Group and Perturbation Theory: Introduction to group and perturbation theory in classical
mechanics, which is used to calculate motion in complex and perturbed systems. This includes the
use of Fourier and Laplace transforms and partial differential equations.

5-Solid Mechanics: Focuses on the analysis of motion and vibrations in solid structures, such as
beams, plates, and rods. This includes applications of elasticity theory and structural dynamics.

6-Rotational and Celestial Dynamics: Focuses on the analysis of motion and forces in systems
with rotational and celestial motion, such as rotating bodies and satellites.

These are just some of the topics that may be covered in the advanced classical mechanics course.
Additional topics and further depth in certain concepts may be included depending on the
comprehensive and educational institution offering the course. There may also be practical
applications and case studies to illustrate concepts and enhance student understanding. The
advanced classical mechanics course for master's students is expected to require proficiency in
solving advanced partial differential equations and dealing with complex
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1- Expand Knowledge: The course aims to expand students' knowledge and understanding of
advanced topics in classical mechanics beyond what was covered in introductory courses. It
provides a deeper insight into the principles and theories of classical mechanics.

2- Develop Analytical Skills: The course aims to enhance students' analytical and problem-
solving skills. It requires them to apply mathematical methods and techniques to solve
complex problems in classical mechanics, including the use of differential equations and
advanced mathematical tools.

3- Foster Critical Thinking: The course encourages critical thinking and the ability to analyze
and evaluate different theoretical frameworks and approaches in classical mechanics. Students
are expected to assess the strengths and limitations of various models and theories.

4-Enhance Mathematical Proficiency: The course helps students strengthen their mathematical
skills, particularly in areas such as calculus, differential equations, and linear algebra. It fosters
the ability to manipulate mathematical expressions and apply them to physical systems.

5- Promote Research and Inquiry: The course aims to cultivate students' research abilities and
promote independent inquiry. It may involve reading and analyzing scientific literature in
classical mechanics and conducting small-scale research projects to explore specific aspects of
the subject.

6-Prepare for Advanced Studies: The course serves as a foundation for students who plan to
pursue further studies or research in classical mechanics or related fields. It equips them with
the necessary theoretical background and problem-solving skills needed for advanced
academic pursuits.

7-Practical Applications: The course may include practical applications of classical mechanics
concepts, such as engineering or physics-related examples. This helps students understand the

2 dadall



real-world relevance and applications of the theoretical principles they learn.
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1-In-depth Knowledge of Classical Mechanics: Students will acquire a comprehensive
understanding of the principles, theories, and mathematical frameworks that underpin classical
mechanics. They will explore advanced topics and delve into the intricacies of motion, forces,
and energy in physical systems.
2-Advanced Mathematical Skills: The course will enhance students' mathematical proficiency,
particularly in areas such as differential equations, calculus, and linear algebra. They will
develop the ability to apply complex mathematical tools to analyze and solve problems in
classical mechanics.

3- Analytical Thinking and Problem-solving Abilities: Students will sharpen their analytical
thinking skills and cultivate the ability to dissect complex problems in classical mechanics.
They will learn to identify relevant variables, formulate equations of motion, and apply
appropriate mathematical methods to derive solutions.

& s sally Lalil) Ol jlead) -

1- Mathematical Proficiency: Students will develop strong mathematical skills, including
calculus, differential equations, probability theory, and statistical methods, to solve
.problems and derive equations in statistical mechanics

2- Analytical Thinking: Students will cultivate the ability to analyze complex systems,
identify relevant variables, and apply statistical mechanics principles to derive insights into
.the behavior of physical systems

ol sl 331 yka

1- Lectures: Traditional lectures involve the instructor presenting information to students,
covering key concepts, theories, and examples related to the subject matter in English. Students
listen, take notes, and engage in discussions or ask questions as appropriate.
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2- Discussions: Facilitated discussions encourage active participation and critical thinking among
students. They can be conducted in English, allowing students to share their perspectives, analyze
case studies, debate topics, and collaborate in problem-solving activities.

pxill (83 )l

Written Examinations: Traditional written exams assess students' knowledge and
understanding of the subject matter. They can include multiple-choice questions, short-answer
questions, essay questions, or problem-solving exercises conducted in English.

Assignments and Essays: Assignments and essays allow students to demonstrate their
comprehension and critical thinking skills. They can be written in English, requiring students
to analyze concepts, apply theories, and present coherent arguments or explanations.

poSdl Ol lge -z
1- Analysis: The ability to break down complex information or ideas into smaller components,
.identify patterns, relationships, and underlying assumptions, and evaluate their significance

2- Evaluation: The skill to assess the credibility, reliability, and validity of information,
.arguments, or claims, considering evidence, sources, and logical reasoning

3- Problem-Solving: The capacity to identify problems, analyze their root causes, generate
.creative solutions, and evaluate the effectiveness of different approaches or strategies

(il ol 5 Cala gl 406, ddleiall (5 AY) Ol jlgall ) A sl g dalall <l jlgall - o

1- Communication Skills: The ability to effectively convey ideas, thoughts, and information in
written and oral forms, including active listening, clear articulation, and persuasive
.presentation

2- Critical Thinking: The skill to analyze, evaluate, and interpret information and arguments,
.considering multiple perspectives, and making well-reasoned judgments or decisions

3- Problem-Solving: The capacity to identify problems, analyzes their root causes, develop
.creative solutions, and implement effective strategies to achieve desired outcomes
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Applications:
equipartition,
oscillators,
paramagnetism.

Inverse Laplace
transform of Q(p) used
to find density of states

9(E).

Negative temperatures
in magnetic systems.

Overview of canonical,
iso-thermal/isobaric
and grand canonical

ensembles.

Statistics for ideal gases
& occupation numbers.




Kinetic pressure and
effusion of gases
through a hole.

Statistics for ideal fermi
gas at weak and strong
degeneracy.

Pauli paramagnetism and
Landau diamagnetism in
ideal fermi gases.
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1- Statistical Mechanics: Algorithms and "
Computations” by Werner Krauth: This book provides a
comprehensive introduction to statistical mechanics,
with a focus on numerical and computational methods. It
covers both classical and quantum statistical mechanics
and includes numerous exercises and computer
simulations

2- Statistical Mechanics: Theory and Molecular "
Simulation" by Mark Tuckerman: This textbook offers a
detailed introduction to statistical mechanics,
emphasizing molecular simulation techniques. It covers
a wide range of topics, including ensembles, Monte
.Carlo methods, and molecular dynamics simulations

3- Statistical Mechanics: A Set of Lectures” by Richard "
P. Feynman: Based on Feynman's lectures at the
University of Auckland, this book provides a clear and
concise introduction to statistical mechanics. It covers
topics such as the laws of thermodynamics, ensembles,
.and the statistical interpretation of entropy
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population
trends.
-Research:
Crediting
sources
-Language for
writing for
speaking:
interpreting and
translating.
-Final exam
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Headway- Academic Skills Reading,

Writing, and Study Skills level 3
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—Linking ideas (3): cause and
result

—Coherent writing; writing up
notes

—Abbreviations (1 and 2):
how to write and say common
abbreviations
—Acknowledgements:
acknowledging book and

website sources
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—Intensive reading: strategies
for focusing your reading
—-Linking ideas (4);
sequencing words to describe

a process
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—The passive voice; writing in
a neutral style

- Clarifying a sequence:
-Using indexes: identifying
keywords and categories for a
search, and finding them in a
reference book

—Compound nouns

Compound adjectives
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—Interpreting data: statistical
information in graphs, charts,

and texts

—Avoiding repetition (3):

describing graphs using
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FUNDAMENTALS OF PLASMA PHYSICS
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Statistical Mechanics / (saay) dlilall

oA dag

The Statistical Mechanics course provides a fundamental understanding of the behavior of large
systems composed of many particles, such as gases, liquids, and solids. This course explores the
statistical description of thermodynamic properties and phenomena, bridging the gap between
microscopic interactions and macroscopic observables. Topics covered include the principles of
classical and quantum statistics, partition functions, Boltzmann distribution, statistical ensembles,
entropy, and the connection between statistical mechanics and thermodynamics. Students will
learn to apply statistical methods to analyze and predict the behavior of physical systems, gaining
insights into topics such as phase transitions, equilibrium properties, and transport phenomena.
The course emphasizes the development of mathematical and analytical skills necessary for
solving problems and deriving statistical mechanics equations. Through lectures, problem-solving
sessions, and laboratory experiments, students will develop critical thinking and problem-solving
abilities, as well as the ability to interpret and communicate statistical results. This course is
designed for advanced undergraduate or graduate students in physics, chemistry, or related
disciplines, providing a solid foundation for further studies in statistical mechanics and related
fields.
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1- Mathematical Proficiency: Students will develop strong mathematical skills, including
calculus, differential equations, probability theory, and statistical methods, to solve
.problems and derive equations in statistical mechanics

2- Analytical Thinking: Students will cultivate the ability to analyze complex systems,
identify relevant variables, and apply statistical mechanics principles to derive insights into
.the behavior of physical systems

alal 5 alal) 350k

1- Lectures: Traditional lectures involve the instructor presenting information to students,
covering key concepts, theories, and examples related to the subject matter in English. Students
listen, take notes, and engage in discussions or ask questions as appropriate.

2- Discussions: Facilitated discussions encourage active participation and critical thinking among
students. They can be conducted in English, allowing students to share their perspectives, analyze
case studies, debate topics, and collaborate in problem-solving activities.

el (331l
Written Examinations: Traditional written exams assess students' knowledge and

understanding of the subject matter. They can include multiple-choice questions, short-answer
questions, essay questions, or problem-solving exercises conducted in English.

Assignments and Essays: Assignments and essays allow students to demonstrate their
comprehension and critical thinking skills. They can be written in English, requiring students
to analyze concepts, apply theories, and present coherent arguments or explanations.

p oSl Ol e -
1- Analysis: The ability to break down complex information or ideas into smaller components,
.identify patterns, relationships, and underlying assumptions, and evaluate their significance

2- Evaluation: The skill to assess the credibility, reliability, and validity of information,
.arguments, or claims, considering evidence, sources, and logical reasoning

3- Problem-Solving: The capacity to identify problems, analyze their root causes, generate
.creative solutions, and evaluate the effectiveness of different approaches or strategies
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Applications:
equipartition,
oscillators,
paramagnetism.

Inverse Laplace
transform of Q(pP) used
to find density of states

9(B).

Negative temperatures
in magnetic systems.

Overview of canonical,
iso-thermal/isobaric
and grand canonical

ensembles.




Statistics for ideal gases
& occupation numbers.

Kinetic pressure and
effusion of gases
through a hole.

Statistics for ideal fermi
gas at weak and strong
degeneracy.

Pauli paramagnetism and
Landau diamagnetism in
ideal fermi gases.







1- Statistical Mechanics: Algorithms and "
Computations" by Werner Krauth: This book provides a
comprehensive introduction to statistical mechanics,
with a focus on numerical and computational methods. It
covers both classical and quantum statistical mechanics
and includes numerous exercises and computer
simulations

8 daduall




2- Statistical Mechanics: Theory and Molecular "
Simulation” by Mark Tuckerman: This textbook offers a
detailed introduction to statistical mechanics,
emphasizing molecular simulation techniques. It covers
a wide range of topics, including ensembles, Monte
.Carlo methods, and molecular dynamics simulations

3- Statistical Mechanics: A Set of Lectures” by Richard "
P. Feynman: Based on Feynman's lectures at the
University of Auckland, this book provides a clear and
concise introduction to statistical mechanics. It covers
topics such as the laws of thermodynamics, ensembles,
.and the statistical interpretation of entropy
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Advanced Solid State Physics By Neil Ashcroft and and N. David Mermin.
Advanced Solid State Physics (2nd edition) By P. Phillips.
M. Dressel and G. Griiner, Electrodynamics of solids (2002)
D. B. Tanner, Optical effects in solids (2019).
M. Fox, Optical properties of solids (2011).
D. van der Marel and T. Giamarchi, Introduction to Correlated Matter (2019) .
L. Novotny and B. Hecht, Principles of nano-optics (2006) .

E.L. lvchenko and G.E. Pikus, Superlattices and other heterostructures. Symmetry
and optical phenomena (Springer, 2012).

( ladll ) Ayl aalall
o Electrodynamics of correlated electron materials, Rev. Mod. Phys. 83, 471-541
(2011).
o D. N. Basov et al., Colloquium: Graphene spectroscopy, Rev. Mod. Phys. 86, 959-
994 (2014) .
° D. N. Basov, M. M. Fogler, F. J. Garcia de Abajo, Polaritons in van der Waals
materials, Science, 354, aag1992-1 (2016)
o G. Wang et al.,, Colloquium: Excitons in atomically thin transition metal
dichalcogenides, Rev. Mod. Phys. 90, 021001 (2018)
o N.P. Armitage et al., Weyl and Dirac semimetals in three-dimensional solids, Rev.
Mod. Phys. 90, 015001 (2018)
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Definition of IPM

Independent
Particle Model
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'SP

Nucleon-nucleon
interaction

Shell Model

clu? 2

One particle system

Two particle system

Shell Model
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L-S coupling
J-J coupling

Shell Model
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Perturbation Theory

Perturbation
Theory and
Configuration
Mixing
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Binding Energy

Excitation Energy

Perturbation
Theory and
Configuration
Mixing
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Application
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-State of mixed
configuration

-Application
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Nuclear rotational motion

Collective model
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10

Collective vibrational

Collective oscillations
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Introduction

Interacting Boson
Model
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Dynamical Symmetries
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Dynamical Symmetries
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1. Nuclear Physics , By R.R. Roy and
B.P.Nigam

2. Nuclear Models, By D. A. Bromley
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