VIS ION d__19) m
2:::30

dJagowudl dujell dalooll N _ll
KINGDOM OF QAIINDI ARARIA piallauc g plbaw o ollla_aoly
PRINCE SATTAM BIN ABDULAZIZ UNIVERSITY

“mematlcs Dep W trsse,
g 74
2006 G

(1445-1446)

Master of Science in Mathematics

PROGRAM HANDBOOK



Mission, Goals, and Program objectives

1. Program Mission:

To produce competent postgraduates who can disseminate their mathematical
knowledge and understanding and serve the job market and community by providing
a stimulating academic and research environment

2. Program Goals:

1. Providing in-depth knowledge of advanced mathematical theories and its
applications

2. Preparing postgraduates who can conduct research or undertake professional
projects in the field of mathematics.

3. Producing Postgraduates who can disseminate their mathematical knowledge in
various forms.

4. Preparing the students to serve the community by pursuing a career in the field of
mathematics and related fields.

3. Program objectives

e Equip students with foundational and advanced knowledge of mathematical concepts,
principles, and theories, fostering analytical and logical reasoning.

e Prepare graduates to apply mathematical techniques and tools to solve real-world problems in
various fields such as science, engineering, finance, and technology.

e Develop the ability to conduct research, identify relevant mathematical problems, and apply
suitable methods to propose solutions.

e Enhance communication skills, enabling students to effectively articulate mathematical ideas
and solutions in both written and oral formats.



e Instill ethical values, professionalism, and a commitment to integrity in academic and
professional endeavors.

e Promote lifelong learning and encourage students to pursue advanced studies or professional
development in mathematics and related disciplines.

e Encourage students to serve the community and contribute to societal development through
careers in education, research, and industry.

Career Avenues

121310 — Planning and Development Manager
212001 — Mathematics Science Specialist

231017 — Mathematics and Statistics Professor
233012 — Secondary Teacher of Mathematics
233033 - Intermediate Level of Math teacher
234101 — Primary School teacher

234108 — Primary School Math and Science Teacher

331402 — Mathematics Assistant

Zero Group — Armed Forces Officer



GRADLUATE ATTRIBUTES DF MASTER OF SCIENCE IN MATHEMATICS

Attribute Code Graduate Attributes

Breadth of | GAL Ability to integrate mathematical principles with concepts

Knowledge from other disciplines, fostering a broader understanding
of applications

Problem GA2 Skills to apply mathematical concepts and tools to address

solving skills real-world problems, demonstrating creativity and
innovation in solutions.

Critical and | GA3 Proficiency in evaluating problems, synthesizing

creative information, and developing logical arguments to solve

thinking complex mathematical issues.

Research skills | GA4 Ability to design, conduct, and analyze research projects,
employing advanced mathematical techniques and
methodologies.

Technical skills | GAS Familiarity with mathematical software, programming
languages, and / or computational tools relevant to
research and data analysis

Communication | GA6 Competence in effectively communicating complex

skills mathematical ideas and research findings through written
reports, presentations, and discussions.

Self-directed GA7 Commitment to continued professional development and

Lifelong engagement with ongoing advances in mathematics and

learning related fields.

Career Skills GAS8 Experience  working in  collaborative  research
environments, demonstrating the ability to engage with
peers and mentors.

Ethical GA9 Awareness of ethical considerations in research practices,

responsibilities including integrity, responsibility, and respect for
intellectual property.

Social GA10 Ability to adjust to new conditions and contribute with the

Responsibilities

help of acquired knowledge and skills.




Program Learning Outcomes

K1 Demonstrate understanding of advanced Mathematical concepts, Principles and theories and their applications
K2 Describe various definitions and theorems and identify the underlying mathematical concepts.
K3 Identifying relevant research problems in the field of mathematics and describe suitable algorithms.

S1 Apply appropriate theories, principles and concepts to solve mathematical problems using various techniques.
S2 Carryout research in the field of mathematics.

S3 Exhibit oral and written scientific or technical communication skills.

V1 Work effectively exhibiting integrity and professional value to the assigned task.

V2 Conducting scholarly or professional activities in an ethical manner



Admission requirements

The candidate must be a Saudi national or a non-Saudi who has obtained an
official scholarship through one of the cultural exchange programs.

The candidate must hold a B Sc degree in Mathematics or Mathematics
education (or its equivalent) from any university recognized by the MOE
either inside or outside the Kingdom of Saudi Arabia.

The candidate must have a GPA of (3.25) out of (5) at the bachelor’s degree
level as a minimum to be admitted in the program

The candidate must have secured atleast a score of 4 in IELTS or equivalent
English Test.

The candidate must not have previously been dismissed from any university
for disciplinary or academic reasons.

The candidate must pass the written test, and a personal interview held by
the Department of Mathematics.

The candidate must have the approval of the employer if he/she works in
either the government sector or the private sector

Graduation requirements

The Minimum period of study is 2 years and the Maximum time allowed is 4
years.

The Student must complete around 8 core courses and 3 elective courses in
the first three semesters and submit a thesis on the research topic under a
Supervisor allotted by the Department Council.



o

o

For successful completion of each course, the student must secure atleast
75% marks (3.75 in 5 point scale of GPA).

Regarding Master Thesis Course, the student must comply with the Thesis
regulations given below.

Thesis Regulations

1.

1.

Requirements and Procedures:

In order to register for Thesis, the graduate student must have successfully
completed the course work of all courses successfully.

The graduate student has the option to choose the supervisor of his choice.
However, the Head of the Department will allocate the supervisor in
consultation with the coordinator of Higher Education Committee of the
Department.

The student in consultation with the allocated research supervisor selects the
topic and makes a formal application to the competent authority for
consideration and approval.

Once approved, the graduate student registers the title in the National

Library to avoid duplicate work.

Responsibilities and Procedures for Scientific Guidance:

The Research Supervisor advises the student on the research methodology
to be adopted.

The Supervisor periodically interacts with the student and provide guidance
with regard to collection and review of literature, identifying the research
problem and its solution.




(The regulations of the selection of the scientific supervisor and his/her responsibilities, as well
as the procedures/ mechanisms of the scientific supervision and follow-up)

Appointment of Supervisor:

1. The Research Supervisor must be a doctorate degree holder holding an
academic rank of Assistant Professor and above. However, in case of the
supervisor being an Assistant Professor, he must have published atleast 2
publications after acquiring Ph D degree and immediately before the
appointment as Assistant Professor.

Responsibilities:

1. The Supervisor is responsible for the quality of the research being
undertaken by the graduate student and the output.

2. The Supervisor advises the student from time to time and help the students
in case of any hardship in research.

3. The Supervisor must make a record of the progress of research by the
graduate student from time to time.

4. The Supervisor must ensure that atleast one paper is published/accepted in
a scientific journal before submission of the thesis.

5. The duration allowed is a minimum of three to a maximum of five semesters.

6. On completion of preparation of the thesis by the student, the supervisor
reviews for any correction and modification and recommends the names of
examinations for the evaluation of thesis and defense.




(The regulations for selection of the defense/examination committee and the requirements to
proceed for thesis defense, the procedures for defense and approval of the thesis, and criteria
for evaluation of the thesis)

1. The Thesis evaluation committee is formed comprising of three to five
examiners — (Supervisor and two to four other examiners).

2. The thesis evaluation committee is approved in the Department Council,
College Council and approved by the Higher Studies Committee of the
University.

3. On approval, the supervisor forwards the thesis to the examiners for their
evaluation and comments and a suitable date for defense is notified.

4. On the date of defense, the graduate student makes a presentation on
his/her work before the audience and responds to their queries.

5. After the open defense, the graduate student defends the thesis in private
before the Committee.

Criteria for evaluation:

The committee considers the following aspects:

(a) Originality of Research
(b) Research Methodology
(c) Past work done in the area
(d) Reporting of the derived results
(e) Scope for further research
(f) Presentation by the student and the defense on the questions raised by the
committee members.

Notification of the Outcome:

On completion of the defense, the Chairman of the Committee prepares a
report signed by all three members and reads in the open house whether or not the
Thesis could be considered for award of Master Degree before the audience.




GPA, Graduation requirements etc

The Average and cumulate GPA are calculated every semester for the student automatically by
the system. To know how to calculate the averages, one should follow the following steps:

Calculating the Semester Average

o The GPAis calculated considering the following points:

1. Knowing the number of credits of the courses.

Knowing the mark obtained in each courses.

Knowing the corresponding grade of each mark.

Knowing the value of each grade.

Knowing the points = number of hours of the course x value of the grade.
Determining the total points obtained in all courses of the semester.

Determining the total number of credits registered in the semester.

N A T e

The average is calculated every semester according to the following equation:

Total points (item 6)
GPA =

Number of hours registered in the semester (item 7)

The following table shows the percentage of marks, grade and value obtained by the

student in each course, which is used to calculate the points:

Mark Grade  |Letter of Grade | Value of Grade
From 95 — 100 + Excellent +A 5.00
From 90 to less than 95 Excellent A 4.75
From 85 to less than 90 +Very Good +B 4.50
From 80 to less than 85 Very Good B 4.00
From 75 to less than 80 + Good +(C 3.50
Less than 75 Failure F 1.00
Absence from lectures (25% or more) Debarred H 1.00

Calculating the Average cumulative:

o The GPA semester average is calculated as follows:

(1) The grand total of points (for all semesters that have been completed).



(2) The grand total of credit hours (for all semesters that have been completed

successfully).

© The cumulative average is calculated according to the following equation:

Grand total of points
GPA =

Grand total of credit hours

Study Plan for Master Program of Science in Mathematics

- Type of
Pre Credit

requirements
(Institution, College, or

Requisite

Hours
Courses

(Thesis Option)
Course . Required
Level Course Title N .
Code or Elective
Math 620 Differential Required
Equations
Math 632 Linear Algebra Required
Math 610 Research Required
Methodology
Math 629 Complex Analysis Required
Math 633 Numerical Analysis  Required
Math 639 Selected Topics in  Required
Discrete
Level Mathematics
p Math 615 Partial Differential Required
Equations (1)
Math XXX Elective Elective
Math 621 Selected Topics in  Elective
Applied
Mathematics
Math xxx Elective Course Elective
m Math 699 Thesis Required

3(3,0,0)

3(3,0,0)
3(3,0,0)

3(3,0,0)
3(3,0,0)
3(3,0,0)

3(3,0,0)

3(3,0,0)
3(3,0,0)

3(3,0,0)
6(0,0,6)

Program)

Program
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The main objective is to prepare the students gain awareness about review of scientific literature, identify scientific
problem and associated research methods and writing scientific reports thus prepare them undertake independent

research in their field of interest on completion of the Program

— alal) ) o) o) il ghad — duilian) Ay i Dulas 1 alal) Gl £ g) — CYLaall Cilida B alad) Gl 5939 Gl culladf (B dadia
Ll il — aladl i) £ guaga (b Abladd) udladl) (e e — Canll g i) JUaY) ol - aladl Ciad) g b g cilaa] — (i) rasal)
ralal) Gl LS - Lalal) Egand) o) CLBMAT - alal) Eiandl Guglad JLEA) g laie ] — ealadl ) o1 ja) Lagia — alal) Caad)

cllad) g calaa Y cuanll Luulial) culludl) JLd) o 5 sl cilile
Ama Gy sl 298 agd o

R r) &S g dpasll g Ay o) bl Judas B il jlgeal) g
Aaadial) ‘éﬁ.m sl &l lga ‘)..Uhﬁ .

Adaaal) LUl @) jlga lgdi) o

) aal o Gl

i i g g b ) g Jliges ¢ QAN Ol el e 580

A asanat g gl Addlia o

Lcilial) 387 cullad jleds) o

L A 3929 020 g Aiaeal) (o (33 A0

Gt aclial) ddml) das o

Sl e il g cadldl Gy ) o

Llad gad o dalel) Gigadi ¢l a) o

) Gl JSUa Ja B (g 81 Sl qudla aladiad o
Aaliall Gl glrall Lia o gi<i .\J\ye\dﬁu! .

sty 1

g5l 2

s

K

v |

o




Course Code Course Title Credits Prerequisite

Math 610 Research Methodology 2 hours

Course Description

The main objective is to prepare the students gain awareness about review of scientific literature, identify scientific
problem and associated research methods and writing scientific reports thus prepare them undertake independent
research in their field of interest on completion of the Program

1. Objectives/ILO:
Demonstrate the ability to choose methods appropriate to research aims and objectives ¢
Understand the limitations of particular research methods ~ «
Develop skills in qualitative and quantitative data analysis and presentation
Develop advanced critical thinking skills
Demonstrate enhanced writing skills. ¢
Recognize the importance of research. e
Able to distinguish a purpose statement, a research question or hypothesis, and a research objective. e
Discuss types of study design. e
Demonstrate the sampling methods. e
Differentiate between causal and no causal association e
Select the proper sample for the research. e
Discriminate between data collection methods and techniques. e
Conduct scientific research effectively. e
Use critical thinking methods in solving scientific research problems. e
Use available IT resources. e
2. Content:
Introduction to research and the role of research in various fields.
Types of Research — Experimental, Theoretical, Statistical (Survey) - The research process - Conducting a critical review
of the literature - Development of research questions and objectives - Development of a theoretical framework - Sampling
techniques - Decisions in developing a research design and research strategy - (eg. Case study, action research) - Research
methodologies (eg. qualitative, quantitative, ethnography) - Research techniques (methods and analysis) - Ethical issues
in doing research - Writing a comprehensive research proposal
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The main purpose is to make students gain knowledge about various concepts of Quantum mechanics such
as wave functions, representation of operators, perturbations, oscillators etc., and their associated theories
and results.
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Course Code Course Title Credits Prerequisite

Math 619 Quantum Mechanics | 2 hours Math 620

1. Objectives: The main purpose is to make students gain knowledge about various concepts of
Quantum mechanics such as wave functions, representation of operators, perturbations,
oscillators etc., and their associated theories and results.

ILO:

On completion of the course, the students will

have a basic understanding of the historical development, philosophies and conceptsof e
quantum mechanics

understand the meaning of wave functions and the techniques of normalizing them.

be knowing all types of representations of operators and ways to apply them in different -
problems.

Gain knowledge and skill to solve the hydrogen atom problem by using quantum mechanics.

Learn about time independent degenerate and non degenerate perturbations and to apply ¢
them in harmonic oscillator.

gain knowledge about unitary transformations, dirac delta function, matrix representation of e
operators and their applications.

Understand concept on angular momentum operator and their representation in spherical <
coordinates and addition of angular momentum etc.

Get an insight to solve Schrodinger wave equation in three dimensions e

Course Description

2. Content:
Foundations of Quantum Mechanics and its mathematical tools. Energy Spectra for some molecules.

— Hiesenberg uncertainty principle - Wave Mechanics and Schrddinger equation and its applications
— simple harmonic oscillation — hydrogen atom — helium atom - vector spaces- angular momentum
in Q. M.
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2 Quantum Mechanics 11 MAT 622
The main objective : To provide students better understanding about some advanced
concepts of quantum mechanics such as time-independent perturbation theory and its
applications, slater determinant,Born approximation techniques etc.
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Course Code Course Title Credits Prerequisite

Math 622 Quantum Mechanics 11 2 hours

Course Description

Objectives: To provide students better understanding about some advanced concepts of -1

quantum mechanics such as time-independent perturbation theory and its applications,
slater determinant,Born approximation techniques etc.
ILO:

On completion of the course, the students will
understand the concept of time—independent perturbation theory and its applications in
understanding physics phenomena
acquire knowledge about time-dependent perturbation theory and its applications involving
simple scattering problems

be knowing about the Einstein’s coefficients.

know about scattering in two different frames and can easily calculate scattering amplitude
and scattering cross section.

Be able to write total energy and wave function as Slater determinant for system of identical
fermions

gain awareness about the Born approximation concept
Use the Born approximation technique to solve physical problems of Quantum theory
integrate several components of the course in the context of a new situation

be able to make presentation in a given topic

be able to perform research and develop mathematical models using quantum theory

2. Content:

Scattering Theory — time independent perturbation theory - time dependent perturbation theory-

Born approximation- relativistic Q. M.
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The main objective : To provide the students adequate knwoledge about asymptotic
exapnasions and Light Hill coordinate techgnique in solving problems and to make
presentation in selected topics
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Course Code Course Title Credits Prerequisite

612Math Perturbation Theory 2 hours
Objectives/: To provide the students adequate knwoledge about asymptotic exapnasions and Light Hill .1

Course Description

coordinate techgnique in solving problems and to make presentation in selected topics
ILO:

At the end of the course, the students shall be able to

get a thorough knowledge about asymptotic expansions e

solve regular perturbation problems using asymptotic expansions e

get a clear understanding about Light hill’s Strained coordinate technique and the e
method of multiple scale

Apply the learnt techniques in solving physical problems e

Find simple applications to fluid mechanics, magneto hydrodynamics, Quantum e
mechanics etc.

Make presentation in a given topic e

Pursue research in related areas / fields e
2. Content:

Asymptotic expansions, Regular perturbation problems, Methods used include matched asymptotic
expansions, Light hill’s Strained coordinate technique and the method of multiple scale, Applications
to problems in fluid Mechanics, Magneto hydrodynamics and Quantum Mechanics - and optimal
control theory
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The main objective : To prepare the students get better understading about various concepts
and theories of fluid dynamics and find simple analytical solutions of various types fluid flow
including Boundary Layer flow
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Course Code Course Title Credits Prerequisite

Mathé611 Fluid Dynamics 2 hours Math620

Objectives: To prepare the students get better understading about various concepts and theories of fluid .1
dynamics and find simple analytical solutions of various types fluid flow including Boundary Layer flow

ILO:
On successful completion of the course, the student shall be able to:
Acquire knowledge on various basic concepts of fluid flow and associated theories there on ¢
Understand the various physical laws on conservation such as mass, momentum, energy and

c . . .

= apply the same in motion of fluids

2 Understand the concept of incompressible flow of fluids

Q Understand and apply the Navier Stoke equations for incompressible flow

A Able to derive the equations for incompressible flow ¢

D Able to find simple analytical solutions of fluid flow

5 Understand the theories and concept of Boundary Layer flow ¢

(@) . .

O Able to formulate mathematical problem on immersed flow and Boundary layer flow

Able to make presentation on a given topic
Conduct research and design models using various constraints on fluid flow
2. Content:

Boundary Layer. Flow about an immersed body.

Fundamental concepts. Basic equation for incompressible flow. Navier-Stokes equations.
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The main obtective : To provide various theories and concpets of Optimal Control and prepare
the students solve mathematical problems using variational approach
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Course Code

Course Title

Credits

Prerequisite

Math613

Calculus of Variations and Optimal control | 2 hours

Course Description

2. Content:

ILO:
Upon completion of the subject, students will be able to:
acquire knowledge about historical account for the theory, standard notations and simple
formulations

Objectives : To provide various theories and concpets of Optimal Control and prepare the students solve .1

mathematical problems using variational approach

Formulate simple problems in calculus of variations. e

Gain ability to use Analytical techniques of Calculus of variations, dynamic programming e

and the maximum principle etc.

Apply theory and techniques of calculus of variations and optimal control to solve certain e

control problems.

Synthesize mathematical knowledge in modeling simple optimal control problems suchas e

Bolza, Mayer and Lagrange Formulation etc.

Be able to apply Variational Approach to Optimal Control, Pontryagin Maximum Principle e

in solving mathematical problems
Make presentation on a given topic

Control, Pontryagin Maximum Principal, Dynamic programming.

General variations of a functional constrained extrema. Euler equations. Hamilton-Jacobi equation
and related topics. The second variation and sufficient conditions for an extremum. Formation of

optimal control Problems, Bolza, Mayer and Lagrange Formulation, Variational Approach to Optimal
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The main objective : To make the students aware of Stability Theory, Poincare’s Theory
etc and solve differential equations including Sturm-Liouville Boundary Problems using
various techniques
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Course Code Course Title Credits Prerequisite

Math620 Differential Equations 2 hours

Course Description

Objectives: To make the students aware of Stability Theory, Poincare’s Theory etc and solve differential .1
equations including Sturm-Liouville Boundary Problems using various techniques
ILO:
Upon completion of this course, the student will be able to:
Understand the basic concept of Stability Theory
Acquire knowledge about the Poincare's theory for two dimensional systems e
Learn how the differential equations are used to study various physical problems and

formulate the same.
Formulate problems involving differential equations to analyse Poincare theory ¢
Obtain solutions of several important classes of differential equations e
Understand the Sturm-Liouville boundary problem ¢
Find the solution of S- L boundary problem and analyze stability of linear and non-
linearsystems
Able to make presentations / seminar on a given topic ¢
2. Content:

Existence and uniqueness of solutions of linear systems. Stability theory. Poincare's theory for

two dimensional systems. Sturm-Liouville boundary problems.
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The main objective : Prepare the students solve various types of Linear Algebraic Problems
using matrix factorization, iterative methods, QR methods, Single value decomposition
techniques etc.
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Course Code Course Title Credits Prerequisite

Math 626 Numerical Linear Algebra 2 hours Math 632

Objectives: Prepare the students solve various types of Linear Algebraic Problems using matrix .1
factorization, iterative methods, QR methods, Single value decomposition techniques etc.
ILO:
At the end of the course, the student shall be :
Able to solve large systems of linear equations using direct matrix factorization, iterative ¢
numerical methods, and computer software with the understanding and knowledge of the
underlying mathematical concepts.
Apply, extend and generalize the main numerical methods
Understand various types of iteration methods and factorization methods
Understand the theoretical basis for direct and iterative methods for solving linear systems of o

c equations
-2 | Know how to choose appropriate numerical methods to solve a particular linear algebra problem o
2 Able to solve linear equations using factorization and iterative methods o
§ Able to solve Matrix Eigen value problems independently
a Understand the concepts of Power Method and inverse iteration techniques ¢
@ Able to apply QR Method and singular value decompotiontechnigeus o
= Able to make a presentation / seminar in a given topic
O Able to use related mathematical soft wares / packages such as Matlab to find numerical o

solutions
Be able to implement, test and validate codes to solve problems in linear algebra numerically. o
Understand the singular value decomposition and how to use it for data analysis ¢

2. Content:

Direct solution of linear equations: Elimination and Factorization method, Ill-conditioning, Iterative
refinement, Orthogonal Factorizations: (Jacobi, Gauss-Seidel, SOR, Conjugate Gradients, Pre-conditioning,

Chebyshev semi-iteration methods). Matrix Eigenvalue Problems: Power method and inverse iteration, Jacobi,

Givens and Householder methods, Sturm Sequence and QR method, Singular value decomposition.
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The main objective : Prepare the sudents formulate mathematical models involving PDEs

and solve problems involving Green’s function and find applications of Elliptical Differential
Operators etc.
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Course Code Course Title Credits Prerequisite

Math614 Applied Partial Differential Equations 2 hours Math615

1. Objectives: Prepare the sudents formulate mathematical models involving PDEs and solve
problems involving Green’s function and find applications of Elliptical Differential Operators
etc.
ILO:
At the end of the course, the student shall be able to:
Formulate mathematical models involving PDEs for physical problems
Identify Linear Equations of first order and Second order
Able to solve various physical problems involving Laplace Equation, Wave
Equation, heat-equations
Understand the concept of Green’s function ¢
Analyse and solve problems involving Green’s function
Understand the concept of elliptical operators
Find applications using Elliptical differential operators in Hilbert space -
Make a seminar or presentation in a given topic
Perform research and design mathematical models involving PDEs ¢
2. Content:
Partial Differential Equations as mathematical models of physical problems. Linear
second order equations and their classification (Laplace's equation, wave equation,
heat- equation). Methods of solution Green's function. Special analysis of elliptic
differential operators in a Hilbert space.

Course Description
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The main objective : To provide the students with various concepts of PDES such as space
distribution, tempered distribution and fourier transforms. Sobolve spaces etc and train the
students prepare presentation on selected topics.
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Course Code Course Title Credits Prerequisite

Math615 Partial Differential Equations | 2 hours Math620

Objectives: To provide the students with various concepts of PDEs such as space distribution, tempered .1
distribution and fourier transforms. Sobolve spaces etc and train the students prepare presentation on
selected topics.
ILO:
At the end of the course, the student shall
Acquire knowledge about weak derivatives ¢
Able to define space of distributions and their associated topologies
Understand the concept of convolution product of two distributions ¢
Acquire knowledge and apply the existence theorem for linear equations e
Define a Tempered Distribution ¢
Understand the properties of tempered distribution
Acquire knowledge about the Fourier transform acting on Tempered distribution e
Acquire knowledge about sobolev spaces
Able to make presentation on a given topic ¢
Able to formulate mathematical models involving partial differential equations and find
analytical solutions there on

Course Description

0

2. Content:The space of test functions Co (Q) The space of distributions and its topology. The
convolution product of two distributions. Existence theorem for linear equations with constant
coefficients. The space of tempered distributions and Fourier transforms. Sobolev spaces.
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The main objective : To make the students understand various types of PDEs and solutions of
the same and their applications, thus preparing the students undertake resarch in Applied
PDEs
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Course Code Course Title Credits Prerequisite

Math616 Partial Differential Equations (11) 2 hours Mathe615

Course Description

Objectives: To make the students understand various types of PDEs and solutions of the same and their
applications, thus preparing the students undertake resarch in Applied PDEs.

ILO:
At the end of the course, the student will be able to

Get a thorough understanding on different types of PDESs such as parabolic, elliptic and
hyperbolic equations
Describe the importance of partial differential equations and the relation between partial
differential equations and other sciences in solving Society problems
Acquire knowledge about the solution of PDEs under different boundary conditions
Demonstrate skills in solving various types of PDEs — parabolic, elliptic, and hyperbolic
equations
Conclude the essential facts, concepts, principles and theories relating to the linear second
order partial differential equations
Apply the learned concepts in other areas such as physical, sciences and engineering.
Make presentation on a given topic
Undertake research in a given topic of physical science and formulate mathematical models
involving PDEs

2. Content:

Discussion of representative examples of elliptic, parabolic and hyperbolic equations.

1

Treatment of the Theory of partial differential equations with emphasis on the fundamental features

of elliptic equations. Existence and uniqueness of solutions for various types of boundary conditions.
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The main objective : To help the student acquire knowledge about Heat transfer and their
associated theories such as Boundary Layer Flow, Laminar Flow, Turbulant Flow, Convective

mass transfer, thermal energy systems and process etc.
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Course Code Course Title Credits Prerequisite

Math617 Heat Transfer 2 hours Mathé611

Course Description

Objectives: To help the student acquire knowledge about Heat transfer and their associated theories such .1
as Boundary Layer Flow, Laminar Flow, Turbulant Flow, Convective mass transfer, thermal energy
systems and process etc.
ILO:

Gain knowledge about the basic heat transfer mechanisms (conduction, convection and radiation).

Understand the theories and concepts Heat transfer by conduction in solids for steady-state and ¢
transient conditions.

Be familiar with heat transfer by convection in closed conduits and on external surfaces and heat
transfer by thermal radiation.

Understand the concept of Convective mass transfer. .

Gain knowledge about Boundary layer flow, laminar and turbulent flows.

Calculate heat transfer by conduction, convection and thermal radiation for practical situations. ¢

Analyze and calculate heat transfer in complex systems involving several heat transfer mechanisms ¢
such as Natural convection, forced convection etc.

Calculate mass transfer by analogy to heat transfer.

Gain basic competence related to other courses involving thermal energy systems and processes. ¢

Skills in analyzing and calculating heat transfer in complex problems o

Able to make presentation in a given topic  *

Able to conduct research in topics involving Heat Transfer concepts ¢

2. Content:

Introduction, Steady-State Conduction-One Dimension, Steady-State conduction-Multiple Dimensions,
Unsteady-State Conduction, Principlesof Convection, Empirical and Practical Relations or Forced-Convection

Heat Transfer, Natural Convection Systems, Radiation Heat Transfer.
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The main objective : to make the students gain knowledge about various mathematical
formulations of Solid mechanics such as Stress, Strain, various types of structures, Hooke’s
Law, Euler Bernoulli Law and use the same to solve physical problems.

ity 1

sl 5 aleadl i) asaliall agd e

Sl AN Ada ) A5 5 yall Aaball o) sall JSLERN i Jal (0 dlga ) slga ) c¥ales DA (o A8Mlall agd o

gl JSLgll 5 lanadl) 8 gV Al o g 1 JiS 5 s o

dapadl JSUell (e W 3 5 2 3al) (e alitia e 5 Al linsY) dalaial) JSLEAN U o

Ay yrall 3aae VL Adleiall JSLEA s (e (S o) 51) o sgia agh e

A silE by agh e

A0 sV g Il 5 o pan) Al iie didiae 2 saad 45 ) siall 5 ASualinall oV alaall Ja o

A ) JSLE) s e aplai s Jsi g Sl 058 agh e

Alry (e biall daks 5 3l o

Goa gall Alaleall Slia Ja o

(re & sage 5 a e aaii e

bl Aabidal) ey el gadadl s Ja slag) 5 Al Hl1 ol Lol 5 1SS0l 8 G sadl 6] ja) @

gsiaall 2

— Jladi¥) 5 Mga! ol - Adbiaall clflaay) ) slae 3 coliidiall Adbiaal JlealY) dagis s sl 5 Clalgadd (e ) Adiall o) sall Gailaad
OV Y Al — lga¥) Niae dpaaally Ladall o il JuaiV) Aales — Jladi¥) e ALl - 5 jpral) il i)

— i -l s Aol — U Alalee - Ailaiall Blu S G ga 98 - MeaV) o AR Gy 6 siwall 8 JrdilV] 5 dea¥) clidle — lgaVl i
S e

L alive A8

o




Course Code Course Title Credits Prerequisite

. . Math615
Math618 Solid Mechanics 2 hours Math633

Course Description

Objectives: The main objective is to make the students gain knowledge about various mathematical .1
formulations of Solid mechanics such as Stress, Strain, various types of structures, Hooke’s Law, Euler
Bernoulli Law and use the same to solve physical problems.
ILO:
Uponsuccessful completion of this course students shall be able to:
Understand the fundamental concepts of stress and strain
Understand the relationship through the strain-stress equations in order to solve problems for simple
tridimensional elastic solids
Calculate and represent the stress diagrams in bars and simple structures
Solve problems relating to pure and non-uniform bending of beams and other simple structures
Solve problems relating to tensional deformation of bars and other simple tri-dimensional structures
Understand the concept of buckling and be able to solve the problems related to isolated bars
understand and apply Hooke’s Law
solve equilibrium and dynamical equations for an isotropic elastic solid Boundary and initial conditions
understand the Euler Bernoulli law and apply the same for solving physical problems
derive Alry’s stress function
solve wave equation problems
make presentation on a given topic
perform research in mechanics and derive mathematical formulations and find analytical solution applying
various theories learnt

2. Content:

Elasticity Material time derivative. Analysis of stress and strain, Invariants, Infinitesimal deformation, Examples of strain.
Equations of continuity, motion, momentum and compatibility. Body and surface forces, stress tensor, Equation of
equilibrium, Transformation of coordinates, Principal stresses. Stress-strain relations in plane, Examples of stresses.
Hooke’s law for Homogeneous and isotropic media. Equilibrium and dynamical equations for an isotropic elastic solid
Boundary and initial conditions, Navier’s equation, Bending And Torsion: Bending of beams by terminal couples. The
Euler Bernoulli law. Equations for plane strain. Alry’s stress function. Plane stress, Torsion of circular and elliptical shaft
and bars; Elastodynamics: One dimensional wave equation, Reflection and Transmission, Plane harmonic wave, Elastic
body waves, Reflection of SV-waves, Reflection and refraction of P & 5 waves at a free surface, at the interface between
slightly different media, energy balance for P- and S- waves.
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The main objective : Become fully conversant with all basic concepts of Linear Algebra such
as Linear Functionals, Linear Transformation, Vector Spaces and associated theorems and
results and able to apply to solve mathematical problems.
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Course Code Course Title Credits Prerequisite

Math632 Linear Algebra 2 hours

Course Description

Objectives : Become fully conversant with all basic concepts of Linear Algebra such as Linear Functionals,
Linear Transformation, Vector Spaces and associated theorems and results and able to apply to solve
mathematical problems.

ILO:

After completing the course students shall be able to:
Understand the concept of Linear Functional and Dual Spaces
Able to write proof for associated theorems
Understand the concept of Linear Transformation and able to present in matrix form (Both
Real and Complex including Unitary Matrices)
Able to represent Linear Transformation in canonical form
Understand the concept of tensor product of vector spaces
Able to present basic concepts and theorems within the parts of linear algebra as described
by the course content.
Use basic concepts and theorems within the parts of linear algebra as described by the course
content in order to solve applied problems
Communicate with the help of mathematical terminology also in other contexts.

2. Content:

spaces.

1

Linear functional and dual spaces, Canonical form of linear transformations, Jordan and rational
forms, Multilinear forms, Hermitian, unitary and normal transformations, Tensor product of vector
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The main objective : To prepare the students understand various concepts of Numerical
Analysis and solve problems using various methods such as iterative techniques, chord method,
newton method, Bairsou Technique etc.

e KSR |
il siiaall g Cilgaiall ac) B aialic agh o
Adliae b aladiuly dpladl) pe EValaall g ) S Ja e Sl e
Aahadl) jee Vel dad e el 5 S ) SN Gkt
Lls Uil 48y yla 5 <000 5l pca gall 43y yha ¢ (5550 A8y jla ¢ 9 A8 pla Jie Adlide S (3aadail B lge luiS) e
Bairsou 4wisi s i 0 48 yla 4y plai g Taae gl e
— (s Ayl ¢ secant Ak ks ¢ JlaiuY) aladiul Adadll jee c¥aleall sl Ja slagl e T0 o S5 i e
Ol )

gsiaall 2

) gl uial) culd Y alaall Jal doaae (3 jha —cili g8 cadll g cleatial julas il Uad 4 patallalaldll Gl s
daliala 3l Hh 0 ool O are Al ja s 331kl o3gd Uadll Jidas oSyl g adaldl) - JIall ) Sl 5 guimciil 31 aiia sl
dad s @ik (o Ak - s A s — o5t A e gl e 5 3 50a]) I Ol — 3 ganll ) S
Jalas o,V 5 530 50 capanilly A gallaalall cadaldll cAggiiall (35 ) i g -5 o nhad el CValrall (e e ganae
G5kl o3gd o jal) § Uadll

-

-

.-.‘

i




Course Code Course Title Credits Prerequisite

Math633 Numerical Analysis 2 hours

Objectives : To prepare the students understand various concepts of Numerical Analysis and solve .1
problems using various methods such as iterative techniques, chord method, newton method, Bairsou
Technique etc.
ILO:

After Completion of the course, the student shall:

Understand the concepts of norms of vectors and matrices

Find iterative solution of non-linear equations using various techniques

Apply second and higher order iterations for non linear equations

Acquire skill to apply various techniques such as the chord method, newton method, -
false position method and atikin’s delta square method

Understand the principle and theory of Bernoulli method and Bairsou’s technique ¢

Be able to find solution of system of nonlinear equations using substitution, secant

method, newton raphson method etc.

2. Content:
Norms, Arithmetic, and well-posed computations (Norms of vectors and matrices, Floating-point

arithmetic and rounding errors, Well-posed computations); Iterative solution of non- linear

equations(Functional iterations for a single equation: error propagation, second and higher order
iteration methods. Some explicit iteration procedures: The Chord method, Newton method, method
of false position and Aitkin's delta square method, Special methods for polynomials: evaluation of
polynomials and their derivatives, sturm sequence, Bernoulli's method, Bairsou's method); Solution
of Systems of Nonlinear equations: Substitution, Secant and Newton Raphson method, Continuation
methods.

Course Description
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The main objective : To make the students aware about Integral Equation, their formulations
and findin solutions and its application to mathematical physics.
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Course Code Course Title Credits Prerequisite

Math628 Numerical Solution of Integral Equations 2 hours

Math620
Math633

Course Description

Objectives: To make the students aware about Integral Equation, their formulations and findin solutions
and its application to mathematical physics.

ILO:

At the end of the course, the students will be able to:
Gain knowledge about the fundamental concepts of Integral Equations
Get awareness about Fredholm integral equations
Solve Fredholm integral equations using various techniques such as Nystrom's
method, product integration methods, projection methods etc
Solve eigen value problems involving integral equations
Get clear understanding about Volterra Integral Equations
Solve the Volterra Integral Equations using Quadrature, Spline methods and
collocation techniques
Get awareness about the application of integral equation to mathematics physics
Solve boundary integral equations
Make a presentation in a given topic
Pursue research and solving problems involving integral equations

2. Content:

Review of basic theory of integral equations. Fredholm integral equations: Nystrom's method, product
integration methods, projection methods, Eigenvalue problems, First Kind equation and

regularization. Volterra Integral Equations: Quadrature, Spline methods and collocation. Integral

equations of mathematical physics. Boundary Integral Equations.

1
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The main objective : To make the students gain skills in the Concept of Approximation theory
such as Polynomial Interpolation, Lagranges formula and its application etc., and able to
apply the concepts in various types of physical problems.
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Course Code Course Title Credits Prerequisite

Math630 Approximation Theory 2 hours

Course Description

Objectives : To make the students gain skills in the Concept of Approximation theory such as Polynomial
Interpolation, Lagranges formula and its application etc., and able to apply the concepts in various types
of physical problems.

ILO:

At the end of the course, the students shall :
gain knowledge about polynomial interpolation
understand the concept of Lagrange’s Interpolation formula and its applications
be able to apply newton’s interpolation method to solve mathematical problems
be able to reproduce the theories and apply associated results to approximation
problem, and existence of best approximation and unigqueness conditions
be able to find approximation in various spaces such as metric spaces, normed space
etc.
gain knowledge about uniform convergence of polynomial approximations
be able to apply various approximation techniques such as Least Squares
approximation, Chebyshev approximation, Spline approximation etc.
be able to make presentation in a given topic

2. Content:

Polynomial Interpolation: Lagrange interpolation formula, error in polynomial interpolation,
Newton's interpolation method, Hermite interpolation. The approximation problem, existence of best
approximation and uniqueness: approximation in a metric space, approximation in normed space,

conditions for uniqueness of the best approximation, the uniform convergence of polynomial

1

approximations, Least Squares approximation, Chebyshev approximation, Spline approximation.
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The main objective : To make the students become complacent with Linear Systems and able
to find various applications of Linear System; also gain awareness about various theorems
such as Courant minimax theorem, Gershgorin’s theorems etc., and their applications
il 1
Lz Ao yall il plaill g Aol aLaill (je 438 5 48 e o Jpandl e
adadl) AadaidU Ay il g AN AdaddUEMA) ¢ dada s Al (jla ) eailEde ciliplat e gall e 5 50lE o K5l e
Aloalitl) Y alaall (e 48 gione Jiladi o) ja) Lo 58 o
Azl ) JSLiall da e Leidai o3 puriall f5aliall o sgde o plal) o
Al )l JSLE) Jad Al g il )5S (e (A0Y) 2l Ayl ) e 5 a8l
Lgllai g () sl o 45k Jsa a5 agd e Jsaanll
Ll ) bl Ja g ddsicnall ae) g Cleatidl jlas Jsn 4 jaall Gl o
48 simall T 3l 235 e Jgaanll e ) o
(ra & s 90 J g e @i e 3,08l e
g siaall 2
Ao ) (G el g agdad 4l paall A A () g e A3 Cilgniall 2wl Aglaal Ladaiy) 4y il dxnl e
Cliliia ¢ B S dad jral 4y ylas il haa¥ 4 Hhai s 4y jasdll (ool Alaldll G alaall 48 i adl) aladinly Jlaill A0
Ad ghadl il daal) Aliall I3 A hiad) g aniall julaa g asiiall L) lasY) «Gershgorin 4k o s

-

-

w.‘

6




Course Code Course Title Credits Prerequisite

Math640 Matrix Computation 2 hours

Objectives: To make the students become complacent with Linear Systems and able to find various .1
applications of Linear System; also gain awareness about various theorems such as Courant minimax
theorem, Gershgorin’s theorems etc., and their applications

ILO:
At the end of the course, the students shall :

get thorough knowledge about linear systems and its associated theories e

be able to find applications of Jordan Canonical forms, Bilinear and Quadratic forms of e
Linear systems

be able to perform matrix analysis of differential equations e

be thorough with the concept of variational principles and apply the same to solve e
mathematical problems

be able to reproduce Courant minimax theorem and apply the same to solve mathematical e
problems

get a clear understanding about the Gershgorin’s theorem and its applications e

gain knowledge aboutvector norms and related matrix norms and make mathematical e
computations

be able to obtain the condition number of a matrix e

be able to make presentation on a given topic e

2. Content:

Review of the theory of linear systems. Eigenvalues and eigenvectors. The Jordan canonical form.
Bilinear and quadratic forms. Matrix analysis of differential equations. Variational principles and
perturbation theory; the Courant minimax theorem, Weyl’s inequalities, Gershgorin’s theorem,
perturbations of the spectrum, vector norms and related matrix norms, the condition number of a
matrix.

Course Description
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The main objective : To make students gain knowledge about manifolds and its
types, whitney’s embedding theorem, Lie Group, differntial forms and its
application etc
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Course Code Course Title Credits Prerequisite

Math634 Differentiable Manifolds 2 hours Math629

Objectives: To make students gain knowledge about manifolds and its .1
types, whitney’s embedding theorem, Lie Group, differntial forms and its
application etc
ILO:

At the end of the course the student shall be able to :
Define and give examples of Manifolds
understand well the concepts smooth manifold, smooth map, and tangent space;

Can work with submanifolds and know Whitney's embedding theorem; ¢

Know fundamental results about vector fields, Lie brackets, and integral
curves, are familiar with the Lie algebra and exponential map of a Lie group;

Can do calculations with differential forms and characterize the exterior e
derivative

Understand the concept of integration on manifolds and apply the same ¢
Will present, on a scientific level, a short thesis on a chosen topic of relevance

2. Content:
Definition and examples of manifolds, Sub manifolds, tangent and cotangent bundles,

Course Description

Vector fields, Differential forms, Tensors, Integration on manifolds.
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The main objective : To prepare the students gain knowledge about advanced theoreis of
differential manifolds such as Differential Forms, De-Rham Theory of cohomology and derive
structural equations, Schurz theorem and its applications etc.
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Course Code Course Title Credits Prerequisite

Math 635 Geometry of Manifolds 2 Math 629

Objectives : To prepare the students gain knowledge about advanced theoreis of differential manifolds .1
such as Differential Forms, De-Rham Theory of cohomology and derive structural equations, Schurz
theorem and its applications etc.

ILO:
At the end of the course, the student shall :

Be familiar with all basic theories and concepts Differential Manifolds

Be able to acquire knowledge about Tensor fields ¢

Be able to compute Tensor Products and Wedge Products  «

Be acquiring skill to find exterior derivatives

Be able to understand Differential forms and Integrate the same  »

Be Familiar with De-Rham Theory of Cohomology

Be able to apply the results of De-Rham Theorem

Be familiar with curvature forms and derive cartan’s structural equations ¢

Be able to derive the first and second bianchi identity using exterior covariant derivative of ¢
torsion

Gain knowledge about curvature and geodesics ¢

Be able to define Orthonormal frame

Acquire knowledge about normal coordinates of geodesics (Reimman Normal Coordinates) ¢
and their underlying concepts

Be able to reproduce and apply Schurz theorem ¢

Able to make presentation in a given topic ¢

Acquire skill to perform research in related topics in Differentiable Manifolds ¢

2. Content:
Differentiable manifolds. Tensor fields and operations. Differential forms and de Rham's Theorem.

Principal fiber bundles, holonomy groups. Curvature form and structural equations. Bianchi's identity.

Covariant differentiation. Geodesics. normal coordinates. Riemannian connection. Spaces of constant

Course Description

curvature. Schurz Theorem.
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The main objective : The sutdents gain better understanding about various concepts of contemporary .1
complex analysis and their applications in solving mathematical problems.
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Course Code Course Title Credits Prerequisite
Math629 Complex Analysis 2 hours
Objectives : The sutdents gain better understanding about various concepts of contemporary complex .2

analysis and their applications in solving mathematical problems.
ILO:

At the end of the course, the student shall be able to :

Understand some topics of contemporary complex analysis, in particular spaces of
analytic functions, quasi-conformal mappings, univalent functions etc.

Perform independent work in these topics and especially to use the methods of
complex analysis in other areas of mathematics such as harmonic analysis,
differential equations etc.

Acquire skills to apply various techniques of contemporary complex analysis in
solving mathematical problems

Able to participate in scientific discussions

Conduct researches on high international level in contemporary and classical
complex analysis and its applications.

2. Content:

Course Description

Analytic continuation, univalent function theory.

Harmonic function, the general form of Cauchy's Theorem, Normal families, Conformal mapping.




s kit Ehas gl s J—iall o gie $RI9 0

S A

2 agall 4y s o= 637

The main objective : To make the students gain thorough knowledge about Potential Theory
and associated concpets such as Harmonic and Subharmonic functions, classical Dirichlet
problems and its solutions, super harmonic functions and their applications etc.
il 1
Leiliplat g Ay gLl 5 2,880 g3l J) 5all o seda aghe
LSS dnily o dllie Ja e 550800 50 50 JalSS J sm 48yl olosiS) o
A g1l ) gally Aalaial) lalusall iy slally Alaly)
Al ) ) VISR 3y 5 Jalas A i s Gulas e 35000 o
Lgaladar g 4,88 gl ol 38U oyl 4y lay ALalY) o
S8l 53 eliad b daan SIS pillae Ja Slo 3 )08 ()5S o @
(ira & s sa (& (e a3 )il

gsiaall 2

Al gl bl EY) Gy ilalsn (ASanDISH dnduly o Al o 9 ) 50 JlSS (RN e A el Al gl g Al gil) ) y@y)
on gall laa duE) gl L) SEY) GLSEl gy dy e cagall s lan Al gil) bl Y e se A al yiall cilel il e
as 2880 i) i) B0 oyl 2y i (s Lt 1) e gamall 5 Al e ganall 1 Jlia) el u¥as VU e sans
glmd 8 las 4880 gl Cilaws gill iy Hlal 8 Alafind g 50T o8 5 eliad 8 daenal) Ay 300 Allise (iailinall da )
D 50 2> s (8 5

-

-

.-.‘

22




Course Code

Course Title

Credits

Prerequisite

Math637

Potential Theory

2 hours

ILO:

2. Content:

Course Description

Objectives : To make the students gain thorough knowledge about Potential Theory and associated .1
concpets such as Harmonic and Subharmonic functions, classical Dirichlet problems and its solutions,

super harmonic functions and their applications etc.

At the end of the course, the student shall:

Understand the concept of Harmonic and subharmonic functions and their
applications

Gain knowledge about poission integral and able to solve Classical Dirichlet problem e
Be thorough with various definitions and axioms relating to harmonic functions e

Be able to apply the results of Reisz-decomposition theorem for positive super- e

harmonic functions

Be conversant with convergence theorem for decreasing filtered super-harmonic e
functions and its applications

Be able to solve Generalized Dirichlet problem in a harmonic space e
Have an understanding on theory of flux and its use e
Able to make presentation in a given topic e

Harmonic and sub harmonic functions in IRn. Poisson integral. Classical Dirichlet problem. Different
sets of axioms defining harmonic functions on a locally compact space. Super harmonic functions and
potentials. Reisz-decomposition theorem for positive super harmonic functions. Balayage.
Exceptional sets (e.g. polar sets« sets of capacity Zero), a convergence theorem for decreasing filtered
super harmonic functions. Generalized Dirichlet problem in a harmonic space. Flux and its use in
some super harmonic extension theorems in a harmonic space without positive potentials.
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The main objective : At the end of the course the students will be able to find numerical solution of .1
ODE and error estimation using various techniques.
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Course Code Course Title Credits Prerequisite

Numerical Solution of Ordinary Differential

Math 6 Equation

2 hours
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Course Description

Objectives : At the end of the course the students will be able to find numerical solution of ODE and error
estimation using various techniques.
ILO:

At the end of the course, the student shall
Be aware of various methods such as Taylor, Euler and Modified Euler methods to solve
ODE problems
Be able to compute bounds for local and global truncation error
Understand the concept of absolute and relative stability
Be thorough with various numerical methods such as Skob predictor-corrector methods,
Milne's error estimate. Range-Kuta Methods
Be able to Derive classical RK methods of 2nd order, and ascertain their stability
Be able to solve boundary value problems
Be conversant with finite element method in solving mathematical problems
Able to apply various techniques such as shooting methods, collocation method and
variational methods in finding solution of ODEs
Able to make presentation to a given topic
Pursue research in the arena of ODE and its applications

2. Content:

Introduction: Taylor, Euler, and modified Euler methods. Linear Multistep Methods: Order,
consistency, zero-stability, convergence, Bounds for local and global truncation error, Absolute and
relative stability, Skob predictor-corrector methods, Milne's error estimate. Range-Kuta Methods:

Derivation of classical RK methods of 2nd order, stability of RK methods. Boundary value problems:

Finite difference methods, shooting methods, collocation method and variational methods.
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The main objective : The students will be fully conversant with nonlinear dynamical systems
and able to perform various calculations such as periodic orbits and limit cycles, bifurcation
diagrams etc.

il 1
LS Apalall Yl (g dpaall (o il e 38 55 LSy ¢ Apuiad) Ay 1 JISEY) Gy 5SI any o gas
Sl e 1508 lldall )5Sy o
AKalnall AadaidU ) iy g aall il g0 Ay sall &l lad) Clua o
LAl Aaail) il sl cillaladie Cillane
oiSaedl I TN 5 4SS gagedl jal skl (il ) puaiadIal saslall il
Sl ClSaliny Gany 8 el 5 il IR (e S palipall Lalas) Jlae

g siaall 2
Aoalad) Alialanll W alaeal) Jolad 5 585 50 ga gaal ye
ol g ¢ bl 5 ¢ Al Jslally ¢ pdadll pu g ddaal) Jilsall 155 ) Y alaa g 2ad) Apalad ansl 501
ol ¢ Aty Jla ¢ haall e g ddadll Vales s (2xd) dpalal cliass) Y1 da ) e dalialis i alxall o
Al dadia aall il ygag ¢ Ay sall Jslall g ¢ AN Ll ) j3ial g ¢ shall (5 gice salad) A0 CiliNe
- A )\l g Ayt e gilad J g 5 il _allal) o gLl Al yal il gal AN 5 Adaall bl ¢ el
LGl = il ASIS ganell a) shall i gy
s sill g yall CLIa) 3 IS 5 adalia 5 Cagild Vo salaV) AEDE CIE8YS @

-

w.‘

22




Course Code Course Title Credits Prerequisite

Math 641 Nonlinear Dynamical Systems 2 Math 620

Course Description

Objectives : The students will be fully conversant with nonlinear dynamical systems and able to perform .1
various calculations such as periodic orbits and limit cycles, bifurcation diagrams etc.
ILO:
On completion of the course, will give underlying mathematical ideas, but emphasize applications
from many scientific fields. Also the student should be able to
« Calculate periodic orbits and limit cycles and the stability of the dynamical systems;
* Calculate bifurcation diagrams for families of dynamic systems;
 Account for hyperbolicity, invariant, manifolds, homoclinic phenomena and structural stability;
* Analyze dynamic systems via bifurcations and application in some population dynamics.
2. Content:
Existence and uniqueness proofs for solutions to ordinary differential equations. e
One-dimensional maps and difference equations: linear and nonlinear problems, graphical «
solutions, bifurcations, chaos.
First-order differential equations (one-dimensional flows): linear and nonlinear equations,
graphical solutions, bifurcations.
Two-dimensional flows: phase plane, stability of fixed points, periodic solutions, and limit
cycles. Introduction to bifurcation theory, local and global bifurcations. Tools for studying
global behavior of flows: Lyapunov functions, Poincare-Bendixson Theorem, homoclinic
phenomena, gradient of flows.

Three-dimensional flows: Lyapunov exponents, Poincare sections, strange attractors, chaos.
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The main objective : To prepare the students develop the skill in mathematical modelling
for biological problems such as population models , epidemic models and find analytical
solutions under various constraints
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Course Code Course Title Credits Prerequisite

Math 642 Mathematical biology 2 Math 620

Objectives: To prepare the students develop the skill in mathematical modelling for biological problems .1
such as population models , epidemic models and find analytical solutions under various constraints

ILO:
This course introduces different modeling approaches to various biological and physiological
phenomena are developed. By the end of the course, the student will develop the following skills
« Different modeling approaches to understand and capture the essence of a wide variety of
biological phenomena.
*Basic model analysis: simulation, equilibria, stability, assumptions, sensitivity analysis,
validation.
» Formulate and solve mathematical models of evolution in terms of population models and
Epidemic models
« Some of the analytical and computational methods used to study biological phenomena.
2. Content:

Modeling, discuss some models for the growth of bacteria, especially the logistic equation,
Competition models and the chemostat, steady states and stability analysis.
Lotka-Volterra Predator prey models, steady states and linearized stability analysis. e
Epidemic modeling, Susceptible, infected and recovered (SIR) model, SIS model, SEIR
model and Vector transmitted disease models.
Oscillations and rhythms in biological systems, Flow in neurons, Hodgkin-Huxley model, e
Fitzhugh-Nagumo model.

Course Description
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The main objective : : To make the students understand the concept of SDEs
and their applications in financial domain
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Course Code Course Title Credits Prerequisite
Math 643 Computational Financial Mathematics | 2 hours MATH662105' Math

2. Content:

Difference Scheme.

Course Description

Financial Products and Markets:

Objectives : To make the students understand the concept of SDEs and their .1

applications in financial domain

ILO: At the end of the course the students shall be able to:

Understand the concept of SDEs and its applications (a)
Simulate Asset Pricing using Excel (b)

Understand the concept of financial markets and associated theories (¢)

Gain knowledge about hedging (d)
Find numerical solutions of PDEs in Financial Domain (e)
Make simple presentation on a given topic (f)

Stochastic Calculus:. Stochastic Differential Equations (SDES) - drift, diffusion, It"os Lemma,
It"o Integral and It"o Isometry. Simulating asset price SDEs in Excel.

Introduction to the financial markets and the products
which are traded in them: Equities, indices, foreign exchange and commodities. Options
contracts and strategies for speculation and hedging.

Computational Finance: Solving the pricing PDEs numerically using Explicit Finite
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The main objective : To prepare the students apply the PDE for desiging models for Pricing
Theory, Risk Analysis (Block-Scholes Problem) etc., and finding their solutions
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Course Code Course Title Credits Prerequisite

Math 644 Financial Applications of PDE 2 hours MATH 615

Objectives: To prepare the students apply the PDE for desiging models for Pricing Theory, Risk .1
Analysis (Block-Scholes Problem) etc., and finding their solutions

ILO: At the end of the course the students will be able to :
Apply PDEs for Black-Scholes Problems (a)
Apply the PDE techniques in pricing theory (b)
Gain knowledge in Monte Carlo Techniques of pricing (c)
Design CAPM and Fator Models (d)
Gain Knowledge about Arbitrage Pricing Theory (e)
Understand the concept of Stochastic Intererst rate models (f)
Solve Bond Pricing Equations (g)
2. Content:
Black-Scholes framework: Black-Scholes PDE. The PDE for pricing commodity and
currency options. Discontinuous payoffs - Binary and Digital options. The Greeks: theta, delta,
gamma, vega& rho and their role in hedging. Pricing using Monte Carlo and PDE approach.

Pricing Theory : Capital Asset Pricing Model (CAPM) -Factor models: the Ross-Huberman
arbitrage pricing theory (APT) - Hedging strategies and pricing by no-arbitrage -
Fundamental Theorem of Asset Pricing.

Fixed-Income Products: Introduction to the properties and features of fixed income
products; yield, duration & convexity; yield curves & forward rates; zero coupon bonds.
Stochastic interest rate models; bond pricing PDE; popular models for the spot rate (Vasicek,
CIR and Hull & White); solutions of the bond pricing equation.

Course Description
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The main objective : To make the students gain awareness about Economical Applications of Mathematics
using various theorems such as Implicit function theorem, Ehtoven Sufficiency theorem, Fixed Point
Theorems Game theory etc., and their applications to Economic Problems
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Course Code Course Title Credits Prerequisite

Math 645 Mathematical Economics 2 hours MATH 620

Course Description

Objectives : To make the students gain awareness about Economical Applications of Mathematics using .1
various theorems such as Implicit function theorem, Ehtoven Sufficiency theorem, Fixed Point Theorems
Game theory etc., and their applications to Economic Problems

ILO: At the end of the course the students will be able to :
Understand the concepts of Ethoven Sufficiency Theorem and its applications
Gain knowledge about Envelop Theorem and its applications
Understand the impact of price change in profits and utility of customers
Get awareness about Equilibiriumconceps and applications of Fixed Point Results to Equilibirium conditions
Gain knowledge about Game Theory
Able to apply various concepts of Game Theory for Economic models for various competitive situations
Find applications of Non-cooperative Game Theory Models and Matrix Methods

2. Content:
I Techniques for Optimization with Equality Constraints

Modeling constrained choices. more applications of the substitution method, an overview of the Lagrangian
method - Arrow-Enthoven Sufficiency Theorem
1. The Implicit Function Theorem: The Implicit Function Theorem and differentiation rule, the envelop theorem.
Applications: how changing prices affect profit maximizing firms and utility maximizing consumers.

I11. General Equilibrium, a Short Overview

Mathematical Concepts: weak preference ordering, excess demand correspondence, Walras' law. Existance of a
general equilibrium, Browers fixed point theorem, Kakutani fixed point theorem
IV. Interdependent Decisions:

An Introduction to Game Theory (2) Essential Concepts and Mathematics of Games - Representing
interdependent choices with game matrices: strategy, payoff, non-cooperative games, best reply functions. Named games:
prisoner's dilemma game, zero sum games, coordination games, etc. - Economic games with strategy continua:
duopoly, monopolistic competition, political competition, rent seeking. Technical ideas and terms: Nash equilibrium, pure
strategies, mixed strategies, subgame perfect equilibria. Existance of Nash Equilibrium (Kakutani revisited) —OLS
Estimator — Applications of Non-cooperative Game Theory and Matrix Methods
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The main objective : To train the students in designing algorithm, graph theory, structural
induction. Lattices, Boolean Algebra and their application to Computer Architecture
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Course Code Course Title Credits Prerequisite

Math 646 Discrete Mathematics 2 hours MATH 620

Objectives: To train the students in designing algorithm, graph theory, structural induction. .1
Lattices, Boolean Algebra and their application to Computer Architecture
ILO: At the end of the course the students will be able to :
Understand the Principles of writing Algorithms
Gather knowledge and apply Mathematical Induction Principles to formulate algorithms
Understand the concept of structural induction and its applications
Able to solve problems using recursive relations
Apply the knowledge of graph for various types of optimal solutions
Gain knowledge about trees and their applications
Understand the concept of Lattices
Gain knowledge of Boolean Algebra and its application to Computer Design using Logic Gates
2. Content:

Algorithms and Growth of Functions — Induction and Ordering Principles — structural induction —
recurrence relations — Graph — Euler and Hamiltonean Path — Trees, types and their Applications —

Lattices — Boolean Algebra and Logic Gates

Course Description
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The main objective : To prepare the student find numerical solutions of PDEs using various

techniques and error estimation suing Finite difference methods and their applciation to physical
problems.
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Course Code Course Title Credits Prerequisite

Math 647 Numerical solutions of partial differential

. 2 hours MATH 627
equations

Objectives: To prepare the student find numerical solutions of PDEs using various techniques .1
and error estimation suing Finite difference methods and their applciation to physical problems.
ILO: At the end of the course the students will be able to :
Understanding a selection of PDEs describing physical phenomena
Give a detailed account for the principal differences, strengths and weaknesses of commonly e
used numerical methods for PDE
Apply common numerical solution methods for various PDEs with associated boundary/ initial e
conditions
Discretize PDEs in space and time e
Derive standard error estimates for finite element and finite difference methods e
Develop programming codes for common numerical discretization methods for PDEs e
Present and critically discuss solution methods and results in written reports e
Select appropriate numerical methods based on the characteristics of a PDE problems e
2. Content:
Explicit Finite difference schemes- Implicit Finite difference schemes- Initial/boundary value
problems for parabolic and hyperbolic PDEs-Boundary value problems for elliptic PDEs-Stability of
numerical solutions- error estimation and control-Finite element discretization-Finite volume

discretization.

Course Description
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The main objective : TO prepare the student take up independent research in
Mathematics on completion of the Program by making them undertake a guided
research project in any area of mathematics of their interest.
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Course Code Course Title Credits Prerequisite

Math 695 Research Project 4 hours MATH 615

Course Description

Objectives: To prepare the student take up independent research in .1
Mathematics on completion of the Program by making them undertake a
guided research project in any area of mathematics of their interest.
ILO:

At the end of the course the student shall
Be able to collect information with regard to a given mathematical topic or
associated area from scientific literature
Be able to make presentation from the gathered information
Be able to formulate a research problem based on the acquired knowledge
Perform guided study under the supervision of a supervisor
Make seminar about the progress of work
Prepare a report of study
Make a presentation on the findings and the report and defend before a
committee of scholars

2. Content:

As a partial fulfillment for the award of degree of master in science in applied
mathematics students are required to complete a research project. The student will
have to make a detailed study of a topic allotted by the supervisor appointed by the
department council and submit a project report. The report will be examined by a
panel of examiners appointed by the department council.




Some Useful Links

Deanship of admission and registration - https://dar.psau.edu.sa/en

Vice Rectorate of scientific research and higher studies -
https://vrpssr.psau.edu.sa/en
Deanship of Student Affairs : https://dsa.psau.edu.sa/en

Deanship of Educational Services : https://des.psau.edu.sa/en

Contact Information

Contacts:

Department of Mathematics College of Science and Humanities Prince Sattam Bin Abdul Aziz

University - P.O Box 173, Al-Kharj 11942

Email:

Mathematicsdepartment@gmail.com
Phone:

Head of department Phone No. +966 (11) 5888155

Female Branch Phone No. +966 (11) 5888950

Website:
https://csh.psau.edu.sa/en/department/Department-of-Mathematics
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