s s 1=

jjallac gy plbw py olll&_ooly
PRINCE SATTAM BIN ABDULAZIZ UNIVERSITY

ics De,
(p(lr[,,,e,

7,
7 2006 G

dy  imfi

dx M 2

ot w11 9
X -\ '

a Y e
b/ \

p. T‘ir;‘ :77 - 77M%

=€

Prince Sattam Bin Abdulaziz University

Master of Science in Mathematics

Program Handbook

Version 2

(1447)
(According to the Updated Postgraduate Regulations of PSAU-1447)



Contents

Introduction 3
Mission, Goals, and Program objectives 4
Program Learning Outcomes 5
Professions/jobs for which students are qualified 6
Graduate attributes of Master of Science in Mathematics 7
Admission Requirements 8
Graduate Student Admission Process 1
An Academic Procedures 12
Thesis Regulations Study Plan for Master Program of Science in 14
Mathematics (Thesis Option)
Study Plan for Master Program of Science in Mathematics 17
Services 18
Rules of Conduct and Discipline 20
Some Useful Links 23
Contact Information 24
References 25
Appendix 1 26
27

Appendix 2



[
pI=m
Introduction

In alignment with the strategic directions of Prince Sattam bin Abdulaziz University and its commitment to
fostering high-quality education, advancing scientific research, and strengthening community
engagement, the Department of Mathematics has developed this guide as part of its ongoing effort to
provide clear and structured academic support. This document outlines the relevant academic procedures
and organizational regulations in accordance with the governing university policies and their executive
rules at Prince Sattam bin Abdulaziz University, and presents an overview of the key services and academic
resources available to students in a concise and accessible format.

The Department of Mathematics presents this academic guide with the intention of supporting students
throughout their academic journey—nbeginning with admission and extending through the completion of
all degree requirements. It is our hope that this guide will serve as a reliable reference that enhances
students’ understanding of departmental policies and contributes to their academic success. We extend our
best wishes to all students and remain committed to supporting their pursuit of excellence and scholarly

achievement.
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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:

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

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

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

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

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

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

7. Encourage students to serve the community and contribute to societal development through

careers in education, research, and industry.




Program Learning Outcomes

Knowledge and Understanding

Demonstrate understanding of advanced Mathematical concepts, Principles and theories and
K1

their applications

Describe various definitions and theorems and identify the underlying mathematical
K2

concepts.

Identifying relevant research problems in the field of mathematics and describe suitable
K3

algorithms.

Skills:

Apply appropriate theories, principles and concepts to solve mathematical problems using
S1

various techniques.
S2 Carryout research in the field of mathematics.
S3 Exhibit oral and written scientific or technical communication skills.

Values, Autonomy, and Responsibility:

V1

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

V2

Conducting scholarly or professional activities in an ethical manner

1=



Professions/jobs for which students are qualified

Planning and Development Manager — 121310
Mathematics Science Specialist — 212001
Mathematics and Statistics Professor —231017
Secondary Teacher of Mathematics — 233012
Intermediate Level of Math teacher — 233033
Primary School teacher — 234102

Primary School Science and Mathematics Teacher — 234108
Mathematics Assistant — 331402
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Graduate attributes of Master of Science in Mathematics

Attribute Code Graduate Attributes

Ability to integrate mathematical principles with concepts from other
Depth of Knowledge GA1

disciplines, fostering a broader understanding of applications

Skills to apply mathematical concepts and tools to address real-world
Problem solving skills GA2

problems, demonstrating creativity and innovation in solutions.
Critical and creative Proficiency in evaluating problems, synthesizing information, and

GA3

thinking developing logical arguments to solve complex mathematical issues.

Ability to design, conduct, and analyze research projects, employing
Research skills GA4

advanced mathematical techniques and methodologies.

Familiarity with mathematical software, programming languages, and
Technical skills GA5

/ or computational tools relevant to research and data analysis

Competence in effectively communicating complex mathematical
Communication skills GA6 ideas and research findings through written reports, presentations,

and discussions.

Commitment to continued professional development and
Self-directed Lifelong

GA7 engagement with ongoing advances in mathematics and related

learning

fields.

Experience working in collaborative research environments,
Career Skills GAS8

demonstrating the ability to engage with peers and mentors.

Awareness of ethical considerations in research practices, including
Ethical responsibilities | GA9

integrity, responsibility, and respect for intellectual property.
Social Responsibilities GA10 Ability to adjust to new conditions and contribute with the help of

acquired knowledge and skills.




Admission Requirements

University Admission

1. The candidate must hold a bachelor’s degree from an accredited local or foreign university or
college, licensed by the relevant authority in the country of study and recognized by the
Ministry of Education.

2. The candidate must be Saudi, the child of a Saudi mother, or a recipient of an official
scholarship for graduate studies. Non-Saudis may be admitted to fee-based graduate programs.

3. The candidate must have a GPA not lower than the minimum required for each program and
not less than “Good” (2.75 out of 5.00, or equivalent).

4. The candidate’s score in the General Aptitude Test for University Graduates must not be lower
than the minimum required for each program and must not be less than 60 points. Executive
programs are exempt from this requirement.

5. Equivalency of a degree issued from outside the Kingdom of Saudi Arabia.

6. Fulfillment of the requirements of the program to which the candidate is applying.

Program Admission

1. The candidate must hold a bachelor’s degree in Mathematics with a GPA of not less than 2.75

out of 5.00 or its equivalent.

2. The candidate must pass the written admission test and the personal interview conducted by

the Department of Mathematics.

3. The candidate must obtain a score of no less than 4 on the IELTS test or an equivalent score on
other approved English language tests.

4. The candidate’s score in the General Aptitude Test for University Graduates must not be less

than 60 points.

5. The candidate may have to take some supplementary courses if their previous academic record

does notinclude the core courses required in the department’s plan.

Note:

® The Admission Committee may propose to the Department Council some rules according to the

number of applicants.




Approved English language tests and their equivalent scores:

TOEFL
STEP ILETS

IBT CBT PBT
97 6 79 -80 213 550
90 5.5 70 193 525
83 5 61 173 500
75 4.5 53 153 475
60 4 45 133 450
56 3.5 39 97 425
52 3 32 <97 400

® The TOEFL (ITP) test is not accepted.

Validity period of the tests required for admission to graduate programs.

Test

Validity

General Aptitude Test for University

Graduates

valid for five years from the test date

GRE

valid for five years from the test date

English Language Test (TOEFL / IELTS)

valid for two years from the test date

English Proficiency Test (STEP)

valid for three years from the test date
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Grade Weight
Total GPA Total GPA Total GPA
Grade
(out of 4) (out of 5) (out of 100)
Excellent At least 3.5 At least 4.5 At least 90

Very Good From 2.75 to below 3.5

From 3.75 to below 4.5

From 80 to below 90

Good From 1.75 to below 2.75

From 2.75 to below 3.75

From 70 to below 80

Fair From 1.00 to below 1.75

From 2.00 to below 2.75

Graduation requirements

by the Department Council.

given below.

From 60 to below 70

1. The Minimum period of study is 2 years and the Maximum time allowed is 4 years.
2. The Student must complete around 9 core courses and 1 elective course in the first

three semesters and submit a thesis on the research topic under a Supervisor allotted

3. Forsuccessful completion of each course, the student must secure at least 75% marks.

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

Gl )ﬁ\ ,;,.d
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Graduate Student Admission Process

Review the program admission requirements

1 J

.
« Apply through the electronic admission portal

J

N\
* Attach the required document

J

N
* Sortthe documents

y,

)
* Selection and approval of admission results

J

N\
* |ssue the admission notification

J

N\
e Issue student ID numbers

J

« Create university email account

Register the study schedules
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Thesis Regulations

1. Registration of the thesis:

® Requirements and Procedures:

1. A student may be permitted to register for the thesis after completing 40% of the coursework.

2. 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.

3. 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.

4. Once approved, the graduate student registers the title in the National Library to avoid duplicate

work.

® Responsibilities and Procedures for Scientific Guidance:

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

2. 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.

2. Scientific Supervision:

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 su pervisor being an Assistant Professor,

14



he must have published at least 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 at least 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.

7. Prior to the submission and defense of the thesis, the student must present a seminar in the
department.

3. Thesis Defense/Examination:

(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)

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

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

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

Criteria for evaluation:
The committee considers the following aspects:

®  Originality of Research

® Research Methodology

® Pastwork donein the area

® Reporting of the derived results
®  Scope for further research

® Presentation by the student and the defense on the questions raised by the committee

members.

The detailed evaluation rubrics are presented in the Course Specification (CS Math 699)
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.




Study Plan for Master Program of Science in Mathematics

(Thesis Option)
Pre- Type of requirements
Course Required Credit
. Requisite
Level Course Title (Institution, College, or
Code or Elective Hours
Courses Program)
Differential .
Math 620 . Required -- 3(3,0,0) Program
Equations
Level Math 632 | Linear Algebra Required -- 3(3,0,0)
Math10 | Research Required 3(3,0,0)
1 Methodology g "
Complex .
Math 629 ] Required -- 3(3,0,0)
Analysis
Numerical .
Math 633 . Required -- 3(3,0,0)
Analysis
Selected Topics
Level Math 639 | N Discrete Required - 3(3,0,0)
Mathematics
2
Partial
Math 615 Differential Required -- 3(3,0,0)
Equations (1)
Math 611 | Fluid Dynamics Required -- 3(3,0,0)
Selected Topics
Level Math 621 | in Applied Required - 3(3,0,0)
Mathematics
3
Math xxx | Elective Course Elective -- 3(3,0,0)
Level
Math 699 Thesis Required 6(0,0,6)
4

17



Research services

® (Central Library

e SaudiDigital Library

e Pioneers Program

e Elite Program

e Expert Program

e International Partnership Program

Academic Advising

Throughout the academic year, Academic Advising Unit organizes workshops and training
sessions conducted by faculty members from different departments to develop students’
academic and personal skills.

At the program level, each student is assigned to a faculty member who serves as the student’s
academic advisor or supervisor. Academic advisors provide guidance throughout the academic
process, including registration, course selection, alignment of elective courses with Master’s
thesis research, and continuous interaction with instructors.

The Program supports the academic advising initiatives provided by Prince Sattam
bin Abdulaziz University:

- Virtual Psychological Clinic Initiative

- Guiding Friend Initiative

- Advisory Hour Initiative

- Ask me Initiative
The Program also supports the gifted, creative, talented students through three tracks provided
by PSAU:

- Outstanding Student Track

- Talented Students Track

18


https://library.psau.edu.sa/
https://library.psau.edu.sa/
https://sdl.edu.sa/SDLPortal/ar/Publishers.aspx
https://drgs.psau.edu.sa/ar/brnamj-alrwad
https://drgs.psau.edu.sa/ar/brnamj-alnkhbt
https://drgs.psau.edu.sa/ar/brnamj-alkhbra
https://drgs.psau.edu.sa/ar/brnamj-alshrakt-aldwlyt
https://docs.google.com/forms/d/e/1FAIpQLSfJf15OsaFObHMktLcqhWCBZpVcmdMmYP1LEnCW-U5vG8zt7A/viewform
https://onedrive.live.com/?redeem=aHR0cHM6Ly8xZHJ2Lm1zL2IvcyFBajlXZ1FhTy1zVDRsQ19zUC13R3F1Y0tPSk1HP2U9S3lFZ1VI&cid=F8C4FA8E0681563F&id=F8C4FA8E0681563F%212607&parId=F8C4FA8E0681563F%212612&o=OneUp&v=validatepermission
https://onedrive.live.com/?redeem=aHR0cHM6Ly8xZHJ2Lm1zL2IvcyFBajlXZ1FhTy1zVDRsQ19zUC13R3F1Y0tPSk1HP2U9S3lFZ1VI&cid=F8C4FA8E0681563F&id=F8C4FA8E0681563F%212607&parId=F8C4FA8E0681563F%212612&o=OneUp&v=validatepermission
https://onedrive.live.com/?id=F8C4FA8E0681563F%212598&cid=F8C4FA8E0681563F&redeem=aHR0cHM6Ly8xZHJ2Lm1zL2IvcyFBajlXZ1FhTy1zVDRsQ2FGNEI4Y3JnaWxtUG9yP2U9UlhhY09W&parId=F8C4FA8E0681563F%212612&o=OneUp
https://onedrive.live.com/?id=F8C4FA8E0681563F%212608&cid=F8C4FA8E0681563F&redeem=aHR0cHM6Ly8xZHJ2Lm1zL2IvcyFBajlXZ1FhTy1zVDRsREF4ODJHa21xTjJNNnE5P2U9b09TcGE0&parId=F8C4FA8E0681563F%212612&o=OneUp
https://dsa.psau.edu.sa/en/tracks-and-programs
https://dsa.psau.edu.sa/en/tracks-and-programs

- Mentorship Program

Student activities

® The program actively supports the activities organized by the Deanship of Student Affairs,

ensuring that students are regularly informed and encouraged to participate in these

activities.

The program develops and implements a structured plan for student activities in
coordination with the Deanship of Student Affairs and actively encourages students to

participate in and attend these events to enhance their engagement and personal

development.

Other services

Open Wi-Fi network
E-Services: Academic Services Portal, Digital Academic Advising Platform, E-Mail,...etc.

E-Learning (Blackboard — Open Educational Resources)

M)' software service:

1. General Programs: Windows 10 (Arabic+Engliash), Adobe

Acrobat Reader, Winrar, ...etc.

2. Licensed Programs: MATLAB, Office365, One Drive, Microsoft

teams, Zoom, VPN,... etc.
Digital Applications:

R/ o . . .
*%* Academic Services Application for Students

applications for e-learning systems:

+* Blackboard App.
«* Blackboard Apps on Google Play.

Adequate healthcare and treatment in the university’s hospital

Alaskan

19


https://dsa.psau.edu.sa/en/tracks-and-programs
https://eservices.psau.edu.sa/?category=2&order=1
https://elearning.psau.edu.sa/ar
https://programs.psau.edu.sa/Home/GeneralPrograms
https://programs.psau.edu.sa/Home/PrivatePrograms
https://apps.apple.com/sa/app/psau-sattam-university/id884949553
https://apps.apple.com/sa/app/blackboard/id950424861
https://play.google.com/store/apps/details?id=com.blackboard.android.bbstudent
https://www.psau.edu.sa/en/university-hospital-0
https://psau.edu.sa/ar/alaskan

Rules of Conduct and Discipline

(Based on Rules of conduct and discipline for university students)

Rights

In the Academic Field

®  Anappropriate educational environment

®  Access to learning materials and knowledge

®  Access to the study plans as well as the course syllabus

®  Receivingthe class schedules before the beginning of the semester

®  Faculty members’ adherence to lecture times and schedules

®  Properacademicinquiry and discussion

®  Access to all examinations and the announcement of their results

®  Ensuring that exam questions fall within the course content

° Reviewing answer sheets

*  Carrying out the academic actions prescribed in the Graduate Studies Regulations, including: add/drop,
withdrawal, postponement, transfer, reinstatement, and continuation of studies after dismissal from the
university

®  Obrtaining the graduation certificate

®  Access to the regulations and executive rules of university systems
In the Non-Academic Field

®  Access to the financial aid and social support provided by the university, and participation in the activities held
within it

®  Access to adequate healthcare and treatment in the university’s hospitals and health centers when available

®  Benefiting from the services and facilities of the university (university textbook, on-campus housing, central
and branch libraries, sports fields, restaurants, and parking areas) when available

®  Receiving the financial incentives and rewards prescribed by regulations

* Eligibility to be nominated for training courses, programs, and internal and external trips, as well as
participation in cultural activities, community service activities, and volunteer work

®  Therighttofile acomplaint or grievance regarding any matter that causes harm, whether related to faculty
members, the department, the college, or any university unit, in accordance with the applicable regulations

®  Beinginformed of the outcome of their complaint by the responsible authority

®  Theright to nominate a student representative to participate in the advisory councils of academic departments

®  Therightto defend oneself before any university authority in any disciplinary case filed against them

®  No penalty shall be issued against the student without hearing their statement, and they must be summoned a
second time if they were absent with an acceptable excuse during the first hearing

®  Therightto appeal the disciplinary decision issued against them in accordance with the established regulations

20
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A student with a disability has the right to receive appropriate and adequate services that meet their needs in

accordance with the relevant regulations and guideline

Obligations

In the Academic Field

Regular attendance and completion of all academic requirements

Respecting faculty members and their equivalents, staff, workers, students, visiting guests, and personnel of
companies contracted with the university, and refraining from causing them any harm verbally or physically in
any form

Respecting the regulations and arrangements governing the conduct of lectures and maintaining regular
attendance

Demonstrating integrity and not attributing others’ work to oneself, and refraining from cheating or
participating in itin any form, whether in examinations, research, reports, or other essential course
requirements

Adhering to the regulations, rules, and guidelines governing examinations, and refraining from cheating,
attempting to cheat, assisting in cheating, impersonation, forgery, or bringing prohibited materials or devices
into exam halls or laboratories

Registering an email address on the university’s official website, ensuring that it functions properly, and
checking it daily to follow up on any announcements or instructions sent through it

Accessing one’s class schedule during the first week of the semester to avoid academic suspension

Reviewing, understanding, and complying with the university’s rules and regulations

Complying with any penalty imposed in the event of violating the university’s rules and regulations

The integrity (Regulations for Scientific Research and Innovation in Universities- Article 46)

The university works to promote academic integrity in research and innovation activities, ensuring their credibiliy,
honesty, and freedom from any practices that violate scientific behavioral integrity and accepred research ethics, in
accordance with global standards. Research practices encompass all actions, whether related to research misconduct or

the ethics of scientific research.

In the Non-Academic Field

Comply with the university’s regulations, rules, instructions, and issued decisions, and must not circumvent or
violate them.

The student must not submit forged documents to obtain any right or benefit contrary to the applicable
regulations.

Carry their university ID card while on campus and present it to faculty members or staff upon request and
when completing any official process within the university.

The student must not damage, tamper with, or disrupt the functioning of university property, nor participate in

such acts.




Pay any financial penalties imposed by the university for violations committed by them or caused by their
actions.

Comply with the instructions governing the arrangement, organization, and use of university facilities and
equipment for their designated purposes, and must obtain prior approval from the relevant authority before
using them for any other purpose.

Adhere to the Saudi dress code and conduct themselves in accordance with Islamic values and university
norms, and must refrain from any acts that violate Islamic morals or public decency within the university.
Maintain calm and order within university facilities, refrain from smoking, and avoid causing disturbances or
participating in unauthorized gatherings.

The student must not consume food or beverages inside classrooms, laboratories, workshops, or university
libraries.

Safeguard their university ID card and must not allow others to impersonate them, impersonate others, or use
the card as collateral.

The student must not damage the reputation of the university through any inappropriate behavior, whether

inside or outside the campus.

Disciplinary

Disciplinary Violations Requiring Action

1.
2.
3.

Any violation of Islamic law and its morals committed by students within the university or its various facilities
Any violation by students of the university's regulations, rules, or applicable instructions

Any act committed by a student that results in misconduct, disturbance of public order, or assault on any

person within the university

Disciplinary Penalties:

Verbal or written warning, along with signing an undertaking not to repeat the violation.
Written warning.

Temporary deprivation of some student services, privileges, activities, trips, visits, and similar benefits for a
period not exceeding two academic semesters.
Denial of access to examinations in one or more courses during a single academic semester.

Cancellation of the student’s exam in up to three courses and considering them failed in those courses.

Suspension from study for one or two academic semesters, along with suspension of financial allowances.

Permanent dismissal from the university.
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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

® |E-learning portal
® AeloioWl doiilly dyddl 3519l 8,0 59T (orwydl 284l
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https://dar.psau.edu.sa/en
https://vrpssr.psau.edu.sa/en
https://dsa.psau.edu.sa/en
https://des.psau.edu.sa/en
https://elearning.psau.edu.sa/en
https://www.hrsd.gov.sa/
https://www.hrdf.org.sa/

Contact Information
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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
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Course Code Course Title Credits Prerequisite

Math 610

Research Methodology 2 hours

Course Description

problem

literature

The main objective is to prepare the students gain awareness about review of scientific literature, identify scientific
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.

Able to distinguish a purpose statement, a research question or hypothesis, and a research objective.
Discuss types of study design.

Demonstrate the sampling methods.

Differentiate between causal and no causal association

Select the proper sample for the research.

Discriminate between data collection methods and techniques.

Conduct scientific research effectively.

Use critical thinking methods in solving scientific research problems.

Use available IT resources.

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

- 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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Quantum Mechanics |
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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 Prerequisite

Math 619 Quantum Mechanics | 2 hours Math 620

Course Description

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 concepts of quantum mechanic

* 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.

*  Learnabout 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 operators and their
applications.

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

*  Getaninsight to solve Schrodinger wave equation in three dimensions

2. Content:

Foundations of Quantum Mechanics and its mathematical tools. Energy Spectra for some molecules. — Heisenberg uncertainty
principle - Wave Mechanics and Schrédinger equation and its applications — simple harmonic oscillation — hydrogen atom —

helium atom - vector spaces- angular momentum in Q. M.
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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

Math 622 Quantum Mechanics Il 2 hours

Course Description

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

® gainawareness 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

QM.
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The main objective: To provide the students adequate knowledge about asymptotic expansions and Light Hill coordinate
technique in solving problems and to make presentation in selected topics
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Course Code Course Title Credits H Prerequisite

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

coordinate techqnique in solving problems and to make presentation in selected topics
ILO:
At the end of the course, the students shall be able to
® getathorough knowledge about asymptotic expansions
® solve regular perturbation problems using asymptotic expansions
® getaclear understanding about Light hill’s Strained coordinate technique and the method of multiple scale
® Apply the learnt techniques in solving physical problems

®  Findsimple applications to fluid mechanics, magneto hydrodynamics, Quantum mechanics etc.

Course Description

®  Make presentation in a given topic

®  Pursue research in related areas / fields

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 understanding 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

Math611 Fluid Dynamics 2 hours Math620

Course Description

Objectives: To prepare the students get better understading about various concepts and theories of fluid dynamics .1
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 apply the same in motion of
fluids
*  Understand the concept of incompressible flow of fluids
*  Understand and apply the Navier Stoke equations for incompressible flow
*  Able to derive the equations for incompressible flow
*  Able to find simple analytical solutions of fluid flow
*  Understand the theories and concept of Boundary Layer flow
*  Able to formulate mathematical problem on immersed flow and Boundary layer flow
*  Ableto make presentation on a given topic
*  Conductresearch and design models using various constraints on fluid flow
2. Content:

Fundamental concepts. Basic equation for incompressible flow. Navier-Stokes equations. Boundary Layer. Flow about an immersed

body.
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The main objective: To provide various theories and concepts of Optimal Control and prepare the students solve

mathematical problems using variational approach
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Course Code

Course Title Credits

Math613 Calculus of Variations and Optimal control 2 hours

Course Description

1. Objectives : To provide various theories and concpets of Optimal Control and prepare the students solve
mathematical problems using variational approach

ILO:

Upon completion of the subject, students will be able to:

®  acquire knowledge about historical account for the theory, standard notations and simple formulations

®  Formulate simple problems in calculus of variations.

®  Gain ability to use Analytical techniques of Calculus of variations, dynamic programming and the maximum principle etc.

®  Apply theory and techniques of calculus of variations and optimal control to solve certain control problems.

®  Synthesize mathematical knowledge in modeling simple optimal control problems such as Bolza, Mayer and Lagrange
Formulation etc.

°

Be able to apply Variational Approach to Optimal Control, Pontryagin Maximum Principle in solving mathematical

problems

®  Make presentation on a given topic

2. Content:

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 Control, Pontryagin Maximum Principal, Dynamic programming.
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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

1. Objectives: To make the students aware of Stability Theory, Poincare’s Theory etc and solve differential 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

*  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

Course Description

*  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

Math 626

2 hours Math 632

Numerical Linear Algebra

1. Objectives: Prepare the students solve various types of Linear Algebraic Problems using matrix factorization,
iterative methods, QR methods, Single value decomposition techniques etc.
ILO:
At the end of the course, the student shall be :
*  Abletosolve 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 equations
Know how to choose appropriate numerical methods to solve a particular linear algebra problem
*  Abletosolve linear equations using factorization and iterative methods
®  Able to solve Matrix Eigen value problems independently

Understand the concepts of Power Method and inverse iteration techniques

*  Abletoapply QR Method and singular value decompaction techniques

Course Description
[ ]

®  Able to make a presentation / seminar in a given topic
Able to use related mathematical soft wares / packages such as Matlab to find numerical solutions
Be able to implement, test and validate codes to solve problems in linear algebra numerically.

Understand the singular value decomposition and how to use it for data analysis

2. Content:

Direct solution of linear equations: Elimination and Factorization method, lll-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 marhematical 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:
*  Atthe 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
.E ®  Abletosolve various physical problems involving Laplace Equation, Wave Equation, heat-equations
:‘- ®  Understand the concept of Green’s function
Q
g *  Analyse and solve problems involving Green’s function
g ®  Understand the concept of elliptical operators
S *  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.
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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

Course Description

1. Objectives: 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.

ILO:

At the end of the course, the student shall

*  Acquire knowledge about weak derivatives

*  Ableto 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

*  Define a Tempered Distribution

*  Understand the properties of tempered distribution

*  Acquire knowledge about the Fourier transform acting on Tempered distribution

*  Acquire knowledge about sobolev spaces

*  Ableto make presentation on a given topic

*  Ableto formulate mathematical models involving partial differential equations and find analytical solutions

there on

2. Content:

0

0 ( ) The space of distributions and its topology. The convolution product of

The space of test functions
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 (1) 2 hours Math615

1. 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
®  Getathorough understanding on different types of PDEs 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.

Course Description

®  Make presentation on a given topic

®  Undertake research in a given topic of physical science and formulate mathematical models involving PDEs

2. Content:

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. Discussion of representative examples of elliptic, parabolic

and hyperbolic equations.
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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

Math617

Course Title Credits

Prerequisite

Heat Transfer

2 hours Math611

Course Description

1.

Objectives: 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.

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
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, Principles of 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.
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Course Code Course Title Credits

Prerequisite

Math615

Math618 Solid Mechanics 2 hours

Math633

Course Description

1. Objectives: The main objective is 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.
ILO:
Upon successful 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
® C(alculate 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

32Math6 Linear Algebra 2 hours

Course Description

1. 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

®  Ableto 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:

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 spaces.
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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.
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Course Code

Course Title Credits Prerequisite

Math633 Numerical Analysis 2 hours

Course Description

1. Objectives: 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.

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

® Applysecond 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.
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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

28Math6 Numerical Solution of Integral Equations 2 hours

620Math
633Math

Course Description

mathematical physics.
ILO:
At the end of the course, the students will be able to:
®  Gain knowledge about the fundamental concepts of Integral Equations

®  Getawareness about Fredholm integral equations

projection methods etc
® Solve eigen value problems involving integral equations
®  Getclear understanding about Volterra Integral Equations
® Solve the Volterra Integral Equations using Quadrature, Spline methods and collocation techniques
®  Getawareness 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:

methods and collocation. Integral equations of mathematical physics. Boundary Integral Equations.

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

® Solve Fredholm integral equations using various techniques such as Nystrom's method, product integration methods,

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
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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

1. Objectives: To make the students gain skills in the Concept of Approximation theory such as Polynomial Interpolation,

Lagrange’s 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
c L . .
5 approximation and uniqueness conditions
-
E‘ ®  be able to find approximation in various spaces such as metric spaces, normed space etc.
2
8 ® gain knowledge about uniform convergence of polynomial approximations
@
w . . . . . . . .
'g ®  be able to apply various approximation techniques such as Least Squares approximation, Chebyshev approximation,
(9}

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 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
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Course Code Course Title Credits

Math640 Matrix Computation 2 hours

Course Description

1. Objectives: 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

ILO:

At the end of the course, the students shall :

® get thorough knowledge about linear systems and its associated theories

® beable to find applications of Jordan Canonical forms, Bilinear and Quadratic forms of Linear systems

®  be able to perform matrix analysis of differential equations

be thorough with the concept of variational principles and apply the same to solve mathematical problems
be able to reproduce Courant minimax theorem and apply the same to solve mathematical problems

® getaclear understanding about the Gershgorin’s theorem and its applications

gain knowledge about vector norms and related matrix norms and make mathematical computations

® be able to obtain the condition number of a matrix

®  be able to make presentation on a given topic

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.
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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

1. Objectives: To make students gain knowledge about manifolds and its types, whitney’s embedding theorem, Lie Group,
differential 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;

*  Canwork 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;

®* (Cando calculations with differential forms and characterize the exterior derivative

Course Description

®  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, 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

Math 635

Course Title Credits

Geometry of Manifolds Math 629

Course Description

1.

Objectives: 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.

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 firstand 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 curvature. Schurz Theorem.
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1. The main objective: The students gain better understanding about various concepts of contemporary complex analysis
and their applications in solving mathematical problems.
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Course Code Course Title Credits Prerequisite

Math629 Complex Analysis 2 hours

2. Objectives: The students gain better understanding about various concepts of contemporary complex 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.
*  Performindependent 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

Course Description

®  Able to participate in scientific discussions

*  Conductresearches on high international level in contemporary and classical complex analysis and its applications.

2. Content:

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

function theory.
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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.
IRV |
Leledass Aglinlly 2uadlgall Jloull agide wide
SIS 2ilypes s U (e 3yl (554151 JalS5 Jyor 23,2l oS
agadlgall Jloulb dalazll cileludly casylasdly sl | @
Aadlgull LIARY cl&awd 3y et 4 plas il Gudas e §yaall e
Leladaty 4adl gl LI ABW ylaadl &ykaig sl e
GAls3 eliad (3 Laaall LSS ddals s Wls J> (e 85008 (9SG o »
(20 £94090 § (e aadT e Byaall e
1zl 2
e Ladlenll SUIAEY! (8yal ilel e (S ISI b T (093l JolSG RN e 285l ,a81520) o 2ua8l5all LIASY
Le Ll ¥l e gama (A sl i Aadlend) LI AEY) cland 3y 4ykas czdly i Aadlenll LAY (Lo g dal ALl lsLiasll
Aoanll Adialyes Alus Auadlill dm i o 2ea8leall bW Cylandl &ykas o (o Laase G Sl gazelly Adaall oile gazell 1 JLa)
g > O9y A8lgT sliad (3 lue Addlenll cilawgall lylas § delusiwly 38unll (adlgisliad 3

|_C

bty

62




Course Code Course Title Credits

Math637 Potential Theory 2 hours

Course Description

1. Objectives: 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.

ILO:

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

®  Be thorough with various definitions and axioms relating to harmonic functions

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

Be conversant with convergence theorem for decreasing filtered super-harmonic functions and its applications
® Beable to solve Generalized Dirichlet problem in a harmonic space

® Have an understanding on theory of flux and its use

®  Able to make presentation in a given topic

2. Content:

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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1. The main objective: At the end of the course the students will be able to find numerical solution of ODE and error
estimation using various techniques.
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Course Code Course Title Credits Prerequisite

Math 6 Numerical Solution of Ordinary Differential Equation 2 hours
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Course Description

2.

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

® Beable 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

® Beable to Derive classical RK methods of 2nd order, and ascertain their stability

® Beable to solve boundary value problems

®  Be conversant with finite element method in solving mathematical problems

® Ableto 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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Math 641

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.
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Course Code Course Title Credits

Math 641 Nonlinear Dynamical Systems Math 620

Course Description

1. Objectives : 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.

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:

e  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.

e First-order differential equations (one-dimensional flows): linear and nonlinear equations, graphical solutions,
bifurcations.

e 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.

e  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

1. Objectives: 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

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.

Course Description

2. Content:

e Modeling, discuss some models for the growth of bacteria, especially the logistic equation, Competition models and the
chemostat, steady states and stability analysis.

e  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.

e Oscillations and rhythms in biological systems, Flow in neurons, Hodgkin-Huxley model, Fitzhugh-Nagumo model.
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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 MATH 615, Math 620

1. Objectives: To make the students understand the concept of SDEs and their applications in financial domain

ILO: At the end of the course the students shall be able to:
a) Understand the concept of SDEs and its applications
b) Simulate Asset Pricing using Excel

¢) Understand the concept of financial markets and associated theories

e) Find numerical solutions of PDEs in Financial Domain

(
(
(
(d) Gain knowledge about hedging
(
(

f)  Make simple presentation on a given topic

2. Content:

Course Description

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

Math 644 MATH 615

Financial Applications of PDE 2 hours

1. Objectives: To prepare the students apply the PDE for designing models for Pricing Theory, Risk Analysis (Block-Scholes

Problem) etc., and finding their solutions

ILO: At the end of the course the students will be able to :
a) Apply PDEs for Black-Scholes Problems

b) Apply the PDE techniques in pricing theory

¢)  Gain knowledge in Monte Carlo Techniques of pricing

(
(
(
(d) Design CAPM and Fator Models
(e) Gain Knowledge about Arbitrage Pricing Theory

(f) Understand the concept of Stochastic Interest rate models
(g) Solve Bond Pricing Equations

2. Content:

Course Description

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.
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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

1. Objectives: 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

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

®  Getawareness about Equilibrium concepts and applications of Fixed Point Results to Equilibrium 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
Il. 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.

lll. General Equilibrium, a Short Overview

Mathematical Concepts: weak preference ordering, excess demand correspondence, Walras' law. Existence 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. Existence 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

1. Objectives: To train the students in designing algorithm, graph theory, structural induction. 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

® Ableto solve problems using recursive relations

Apply the knowledge of graph for various types of optimal solutions

®  Gain knowledge about trees and their applications

Course Description
°

®  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
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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 Prerequisite

Math 647 Numerical solutions of partial differential equations 2 hours MATH 627

1. Objectives: 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.

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 used numerical methods for

PDE
®  Apply common numerical solution methods for various PDEs with associated boundary/ initial conditions
®  Discretize PDEs in space and time
® Derive standard error estimates for finite element and finite difference methods

® Develop programming codes for common numerical discretization methods for PDEs

Course Description

®  Presentand critically discuss solution methods and results in written reports

®  Selectappropriate numerical methods based on the characteristics of a PDE problems

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.
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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

1. Objectives: 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.
ILO:
At the end of the course the student shall
® Beable to collect information with regard to a given mathematical topic or associated area from scientific literature
® Beable to make presentation from the gathered information
® Beable 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

Course Description

®  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.
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