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On the recommendations of Academic Council made in its 24™ (172025) meeting held on
26.08.2025, the Syndicate in its 72™ (4/2025) meeting held on 12.09.2025 has approved the
revised curricula of following programs for implementation w.e.f. Fall 2025.
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BS Mathematics (5" Semester Intake)
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1. Title of Degree Program: BS Mathematics (5th Semester Intake)
2. Program Learning Objectives:

Graduates will be able to

understand the mathematics theoretically and then visualized by computer programming,
utilize the knowledge for professional skill development.

[ ]

°

¢ demonstrate good communication skills in professional and academic presentations.
° upgrade knowledge and skills through professional experience and higher studies.

3. Program Structure:

Minimum Credit Hours 74

Discipline Related Courses / Major 51 credit hours (17 courses)
Interdisciplinary / Allied Courses 135 credit hours (5 courses)

General Education 02 credit hours (2 courses)

Internship 3 credit hours

Capstone 3 credit hours

Program Duration Minimum: 2 years (4 regular semesters)

Maximum: 3 years (6 regular semesters)
The maximum limit is further extendable in accordance
with HEC semester rules.

For Candidates having Associate Eligibility: At least 45% marks in B.Sc. with Mathematics
Degree or equivalent in same field A & B courses
OR

At least 2.5 CGPA out of 4.00 in AD in Mathematics or
equivalent qualification.

Merit Criteria: Total marks obtained in BSc or equivalent
qualification out of 800 marks + 20 Marks for Hafiz-e-
Quran (if applicable).

Note: The conversion formula will be applied in case of
semester system (ADS/ADP programs)

For Candidates where disciplines of | At least 45% marks/2.5 CGPA out of 4.00 in ADS/ADP in
Associate Degree or equivalent and | Statistics, Physics, Computer Science, and Economics or
Undergraduate program are different equivalent qualification.

Semester Duration 16-18 weeks for regular semesters
(1-2 weeks for examination)
Course Load (per semester) 15-21 credit hours for regular semesters
3 Credit Hours (Theory) 2 classes (1.5 hours each) / 3 classes {1 hour each) per

week throughout the semester.
1 Credit Hours (Lab / Field Work) 1 credit hour in laboratory or practical work / project

requires lab contact of 3 hours per week throughout the
semester.

—_
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4. General Edueation:

Sr. No. | Course Code | Course Title Credit | Prerequisite
Hours
1. URCG-5129/ | Understanding of Holy Quran-1*/Ethics-J** 1{0-1) Nil
URCG-5131
2 URCG-5130/ | Understanding of Holy Quran-I1*//Ethics-11** 1(0-1) Nil
URCG-5132
Total Credit Hours 02
5. Single Major Courses:

Sr. No. | Course Code | Course Title Credit Hours Pyrerequisite
1. MATH-6101 Real Analysis-] 3(3-0) Nil
2. MATH-6102 Topology 3(3-0) Nil
3. MATH-6103 Partial Differential Equations 3(3-0) Nil
4. MATH-6104 Numerical Analysis-1 3(3-0) Nil
5. MATH-6105 Real Analysis-il 3(3-0) MATH-6101
6. MATH-6106 Complex Analysis 3(3-0) Nil
7. MATH-6107 Numerical Analysis-I1 3(3-0) MATH-6104
8. MATH-6111 Differential Geometry 3(3-0) Nil
9. MATH-6114 Integral Equations 3(3-0) Nil
10. MATH-61xx Elective-1* 3(3-0) Nil
11. MATH-61xx Elective-I1* 3(3-0) Nil
12. MATH-61xx Elective-[1]* 3(3-0) Nil
13. MATH-61xx Elective-IV* 3(3-0) Nil
14. MATH-61xx Elective-V* 3(3-0) Nil
IS5, MATH-61xx Elective-VI* 3(3-0) Nii
16, MATH-6 1xx Elective-VII* 3(3-0) Nil
17. MATH-61xx Elective-VIII* 3(3-0) Nil

Major Courses Credit Hours Total 5t

6. Interdisciplinary/Allied courses: 15 credit hours:

1. CSIT-6101 Programming Languages for 3(2-1) Nil
Mathematicians
2. PHYS-6130 | Iniroduction to Mechanics 3(2-1) Nil
3. AIDC-4102 | Machine Learning 3(2-1) Nil
4. EDUC-6129 | Scientific Writing & Research Methods 3(3-0) Nil
5, PHYS-6131 | Introduction to Classical Mechanics 3(3-0) Nil
Interdisciplinary Courses Credit Hours Total 15

7. Field experience/internship: 03 credit hours:
(Lasting 6-8 weeks and ideally scheduled during summer breaks afier 6" semester)
[ 1. | MATH-6112 | Field experience/Internship | 3(0-3) | Nil |
8. Capstone project: 03 credit hours:
(This project, after the sixth semester, requires faculty supervision and evaluation following department
guidelines)
[ 1. | MATH-6113 | Capstone project [ 30-3) | Nil |
* These courses are clective & can be selected from the list of elective courses:

Note: These courses will be offercd by the departmem from the list of concentration elective courses as per
availability of the resources.
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Scheme of Studies
BS Mathematics (Sth Semester Intake)

Semester-V
Category Course Code | Course Title Credit Hours | Pre-Requisite
Major-11 MATH-6101 | Real Analysis-I 3(3-0) Nil
Major-12 MATH-6102 | Topology 3(3-0) Nil
Major-13 MATH-6103 | Partial Differential Equations 3(3-0) Nil
Major-14 MATH-6104 | Numerical Analysis-I 3(3-0) Nil
Indn-3 CSIT-6101 | Programming Languages for 3(2-1) Nil
Mathematicians
indn-4 PHYS-6130 | Introduction to Mechanics 3(3-0) Nil
Deficiency-1 | MATH-5105 [ Abstract Algebra 3(3-0)*** Nil

Semester Total Credit Hours: 18
Scmester-VI

Category Course Code | Course Title Credit Hours | Pre-Requisite
Major-15 MATH-6105 | Real Analysis-II 3(3-0) MATH-6101
Major-16 MATH-6106 | Complex Analysis 3(3-0) Nil
Major-17 MATH-6107 | Numerical Analaysis-I 3(3-0) MATH-6104
Major-18 MATH-6108 | Mathematical Methods* 3(3-0) Nil
Indn-5 AIDC-4102 | Machine Leaming 3(3-0) Nil
Indn-6 PHYS-6131 [ Introduction to Classical Mechanics 3(3-0) Nil
Deficiency-II | MATH-5106 | Vector and Tensor Analysis 3(3-0)*** Nil
GE-1 URCG-5129/ | Understanding of Holy Quran-I*/Ethics- 1(0-1) Nil
URCG-5131 | I**

Semester Total Credit Hours: 19

Semester-VII
Category Course Code | Course Title Credit Hours | Pre-Requisite
Major-19 MATH-6111 | Differential Geometry 3(3-0) Nil
Major-20 MATH-61xx | Elective-II* 3(3-0) Nil
Major-21 MATH-61xx | Elective-III* 3(3-0) Nil
Major-22 MATH-61xx | Elective-IV* 3(3-0) Nil
Indn-07 EDUC-6129 | Scientific Writing & Research Methods 3(3-0) Nil
Compulsory MATH-6112 | Field experience/Internship 3(0-3) Nil
Deficiency-V | MATH-5108 | Fundamental of Mechanics 3(3-0)%*+* Nil

Semester Total Credit Hours: 18
Semester-VIII

Catepory Course Code | Course Title Credit Hours | Pre-Requisite
Major-23 MATH-6114 | Integral Equations 3(3-0) Nil
Major-24 MATH-6115 | Functional Analysis* 3(3-0) Nil
Major-25 MATH-61xx | Elective-VI* 3(3-0) Nil
Major-26 MATH-61xx | Elective-VI]* 3(3-0) Nil
Major-27 MATH-61xx | Elective-VIII* 3(3-0) Nil
Compulsory MATH-6113 | Capstone Project 3(0-3) Nil
Deficiency-VI | MATH-5109 | Number Theory 3(3-0)k*» Nil
GE-2 URCG-5130/ | Understanding of Holy Quran- 1{0-1) Nil

URCG-5132 | I1*//Ethics-I1**

Semester Total Credit Hours; 19: Total Credit Hours: 74

—
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List of Elective Courses

Course Code | Course Title Credit Hours | Pre-Requisite
MATH-6108 | Mathematical Methods 33-0) Nil
MATH-6115 | Functional Analysis 3(3-0) Nil
MATH-6116 | Special Functions 3(3-0) Nil
MATH-6117 | Graph Theory 3(3-0) Nil
MATH-6118 | Advanced Group Theory-I 3(3-0) Nil
MATH-6119 | Advanced Group Theory-11 3(3-0) MATH-6118
MATH-6120 | Rings & Modules 3(3-0) Nil
MATH-6121 | Field Theory 3(3-0) Nil
MATH-6122 | Fluid Mechanics-I 3(3-0) Nil
MATH-6123 | Fluid Mechanics-I} 3(3-0) MATH-6122
MATH-6124 | Operations Research-I 3(3-0) Nil
MATH-6125 | Operations Research-II 3(3-0) MATH-6124
MATH-6126 | Analytical Dynamics 3(3-0) Nil
MATH-6127 | Special Relativity 3(3-0) Nil
MATH-6128 | Heat Transfer 3(3-0) Nil
MATH-6129 | Measure Theory 3(3-0) Nil
MATH-6130 [ Theory of Splines-I 3(3-0) Nil
MATH-6131 | Theory of Splines-II 3(3-0) MATH-6130
MATH-6132 | Methods of Optimization-I 3(3-0) Nil
MATH-6133 | Methods of Optimization-II 3(3-0) MATH-6132
MATH-6134 | Bio-Mathematics 3(3-0) Nil

**These are deficiency courses. They will be offered during regular Semesters-V, VI, summer semester, VII, VIII
and Chairman/Graduate program committee, Department of Mathematics will be authorized to decide the
deficiency courses of each student those who got admission after Associate degree other than Mathematics or
University of Sargodha and the courses will be offered as per availability of the resources.

***Credit hours are not included for computation of GPA/CGPA. Student will pass this course (if offer)
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List of General Education Curses



Ethles-l

URCG-5131

1 {0-1)
¥-Courae Deseripilon

The Et

practices,
complexities of ethical theorles of semitic and non-se

thinkin
identiti

hies-1 course is desipned (o provide students with a comprehensive understanding of whical principles,
and theerles in vnrlous sacketal contexts, Throughout this degres program, students will explore the

: mitle religions along with decision-making 2nd develop crideal
g <kills to navigele moral dilemmas. This course will also enable the studeals to intemet with others religious
es with humanistic, incluslve and holstic approach

2- Leamning Objectives
This cowse simgtlo:

1. Introduce students to the fundamental conecpls, scope, and impontagee of cthics.

1. Explore e welationship between law, morality, snd social values. »

3. Develop aclear understanding of virtuons and immoral ethics and their impact on individual and
colleetive life,

4. Study therole ol major religious figures i the mora! development of human soclety and enable stadents
o8

pply ethicnl principles for personal development, cunflict resolution, and social harmony.
3- Learning Quteomes .

By the end of 1he course, students will be able to:

., -\

1. Students will be able ta identify and analyze major cthleal theorics, valucs, and their scope in social and
individual life,

Differentiats between law and ethics, and analyze thele intervelationship.

Identify types of virtuous nad immoral ethics and assess their social impasts,

Examine the elhical teachings of msjor religlons and thelr relevance In contemporary saciety.
Apply cthieal principles to address modem challenges in personal and professional life.

Lt de bs R

4-Course Structure

1.

-

3

Unlt I: Introduction nod Fuudamentals of Ethics

1.

-

3
4,

Interactive lectures, Geoup discussions and debates
Reflection papees and presentations
Assignments and Quiz

Courso Contents
Literzl and terminological definltion of ethics
Litesal and terminological definition of vatues

Relationship between law and ethics
Need, importance, and scope of ethics

Ugit 2: Types of Ethicy and Thelr Impact on Soclety

L]
s Lnit3

Virtuous ethics; concept, types, benefits, and outcomes
Immora) ethies: concept, types, and harms

Role of ethics in social refinement and establishinent of peace
: Virtuous Ethies (Akhlzq-e-Hesanah)

Concept, need, and importance of virtuous ethics

Scope uf virtuous ethics in the light of religions

Major virtues in revealed and non-revealed religions

Impact of virtbous ethics on individual and eolleciive life

Unit 4: Immoral Ethies (Akhlag)-v-Razltah)

+

Concept of immoral ethics

Soclal problems caused by immornl ethies
Practical consequences of Immoral ethics

Major vices In revealed and non-revealed religions

Unit 5: Role of World Religlous Flgures in Moral Developnient

«  Prophet Moses (AB): introduction, mirectes, and role in moml refinement

+  Prophct Jesus {AS): introduction, mimcles, and role fn noed refincment’

*  Prophet Muhammad (B): Introduction, mirnelcs, nnd role In moral refinement
Texthook

L. lmusu, T. 2002). Ethico-Religlous Concepts i the {ur'un, MeQill-Queen's University Press.
Sugpested Readlngs
I

Gen, B. (2005), Moratity: lis Nature and Justlficatton, Oxford University Press.

2. Maclatyre, A. (2007). Afler Virtue: A Study In Moral Theory, Unlversity of Notre Dame Presa,

3. Al-Ghazall, Abu Hamid (2001). The Alchemy of Happiness, Islamle Texts Society.

4 Nasr, 5. 1L (1994), The Heart of blam; Enduring Volues for Humenity, Harper One,

5. Beauchamp, T, L., & Chifiress, J, P, {2019), Princlples of Blomedical Ethics. Oxford University Press.

6. Hamn, Z. (2010}, Ethics tn Inlam; Key Concepis and Contemporary Chatlenges. BE search Instituto.
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Ethies-l1
URCG.5
132 1(0-53

1-Courso Deseription

. Ethics-lis d :
;::ni:t?::d nm":’sml;gﬁ%n;:nl: pmvnc:c studc:.us witha decper understanding of ethical grinciples and practices from bath
Jewish, Christan, llamic, Hindu. 3113 l‘:'!!lxas their applicatlon in professionl and social contexts. Students will m;;-.é: with

] ist, Sikh, Cenfuctan, and Jain cthical traditions. The course emphasizes meral

reasaning, Cecision-muking, toe b §
towards ehics iving and im"ﬁﬁ:";&iﬂ P:lichuxldmg. 1t aims to eultivate an inelusive, humsnistic, and helistie Ipgrosch

- Leurning Objectives
The course objeetives ape to;
; ﬁm:?:du;h:uf::ga;nzml principles snd thearies of ethies.
3. Esploce the atbfen, mf:ih[r:;tzlrlrt:achlng:.qr Judalsm, Christianity, Islam, and Hindulsm. o .
e on-Semitic rellgions such as Buddhism, Sikhism, Confucianisen, 2nd Jainlsm.

By the cnd of this course, students will be gbie to;
;- Elnfz“f)’ m: snalyze major ethical theoties and teachings from world religions.
. erstand the role of religions in improving morat valuss and social behavior.
3. Demonstrate ethical decision-making in various persanal and professional contzxts.
». 4 Recognize the impact of ethien] decisions on individuals, communities, and society.
Ty 5. Apply skills of ethical leadership, including eommunlcation, conflict resolution, and inclusive engagemsnt.
“¥-Course Structure
1. Interzctive baztures, Group discussions and debates
2. Reflection papers and presentaiions
3. Assignments and Quiz

Course Contents

Unit 1: Ethical Teachings of Semitic Religions
s Judaism ard its ethical teachings
= Christlanity and its ethical teachings
«  Islam and its ethical teachings
Unit 2: Ethleal Teachings of Non-Semitic Religlons
»  Hinduism end its cthical teachings
»  Sikhism and Buddhism: ethical values and practices
s+ Confuclan and Jain cthical raditons
Unit 3: 'rofcslonal Ethlcs
«  Ethics for students and teachers
«  Ethics in doctor—patient refotionships
«  Ethics in trader-cusiomer Interzcifons
Unit 42 Conespt and Significance of Tolerance
»  Definition, need, and importance of tolerance
+  Teachings of Semitie religions on tolerance and their contemporary refevance
s Teachings of ron-Semitic rcligions on tolemnce and their contemporacy relevance
Unit 5; Foundatlonal Values and Etbies for Feaccbuilding in Soctoty
Respect for ssered seripiutes, personalitles, places of worship, end religlous symbols
Promotion of tolersnce and broadmindedness
Encouragement of dialogue and harmony
Benevolence towards humanity
Establishment of justice and fafrmess
e Pallence, forbearance, and fargiveness
Texthonk
»  RKidder, R. M. (2009). /fow Good People Make Tough Choicer: Resalving the Difemmias of Ethical Living, Harper.
Suggesied Readlngs )
- Bamsh, D. P.. & Webel, C. P, (2014), Peace and Conflict Stdies, Sage,
Smatt, N, (1998). The World's Religions, Combridge University Press,
Nasz, 5, H. 2003). The Heart of Klans; Enchuring Values for Humanity, HacperQne.,
f:lﬂma‘p,‘('z (030%'3.631 I}Im&: Lithlcs: Pnﬂi);. dAbortion, and Evthanusta, SUNY Press,
. Henvey, P 11 Introdisction to Buddiilst EYhtes: Fourddotions, Folies and Issues. Cambridge University Prets.
Coward, H, & Perkinson, J, (2013), A Crazs-Culhared Diglo on Ethical Leadership, Wills: fer Universi
Confucius, (1998). The Analects. Oxford University Pnfs': e L
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URCG-S129

Model Course Outline
for the Course Understanding of Quran —|

course Title: Understanding of Quran =1

Course 8ook: Muallim ul Quran (Volume 1, 2 & 3} by Dr Ubald ur Rahman

Credlt Hours: 1 [0-1)

Cantact Hours: 3 per week Lo .
Woeeks: 15-16 (45-48 hours)

Course Learning Outcomes:
By the end of this course, students will be able to:
1. Develop the ability to understand basic words of the Quran, phrases and sentences that

do not contain verbs {unit 1 to 5 of Muallim ul Quran Book) and then sentences having
present tense {{irst half of unit 6 of Mualllm ut Quran Book].

2. Acgulre a strong foundation for understanding long verses of the Quran with clarity.

3. Comprehend Quranlc vocabulary, particles (operative & non operative particles) ,
compounds (Adjective & Possessive compound), pronouns (singular & plural) and types
of plural through hundreds of Quranic sentences,

A, Recognlze and understand different styles of Quranic sentences, Including nominal
sentence, emphatic sentence, double emphatic  sentence, negative sentence,
interrogative sentence, oath =based sentences.

5. Strengthen understanding of fundamental Quranic lingulstic styles, expressions and

idioms.
§. Understand at least 30 to 40 % of ecach page af the holy Quran,

Provision of material, content and books:

« Paper book: All volumes are avallable In printed book form,

« Tutorlal videos: Teaching video of each lessan availoble on YouTube,

« Confirmation Videos: A complete serles of conflrmation videos of all lessons Is avallable
in which the student can confirm his answers.

« A {lipbook: A flipbook edition is also accessible,

= Helping materlal: Helping materlal for the teachers like quizzes, questlon papers and
Images Is avallable on website.
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Course Outline: ___________,__—I————
neulstic Rules
Weeks | Lectures | Units | Lessons ASSIE““'-‘IF“;’/ Home Ling
S hrs a5
1. : 5: , 1 15 [ Writing the meaning of | Proper Noun Mascullne &
Quranic waords Feminlne
Lesson 1-B
2. 1 514 [ Writing the meaning of | Two kinds of P':"“' i
Quranic words Concept of () “And
9-14 Common Ngun
2. 1, 1 15-17 | Writing the meaning of Demonstrative Noun_(Th[5 &
Quranlc words, phrases | That for Mascullne (s3s 134}
& translation of pemonstrative Noun (This &
Sentences That for Feminine}
15-17 (ulls -ll3)
2. 1 18-12 | Writing the meaning of | Laom for emphasis (St )
& Quranic words , Superlative Degree like P
Revislon | phrases & translation | Revision of all Quranic
{Unit1) of Sentences sentences
17-19
Quiz
3, 1, Unlt 2 1-3 Writing the meaning of | Emphatlc Particle of
Quranic words, phrases | Preposition "For” ( X1)
& transiation of Prepasition {.f)
Sentences
1-3
2. 2 q-6 Writing the meaning of
Quranic words, phrases | Preposition (! -0 -u)
& translation of
Sentences
4.6
4. 1 2 7-9 Writing the meaning of | Preposition {si})
Quranic words & Absolute Negatlon Particle
translation of Exceptive Particle { sl Y
Sentences pelalij[ 800 L) (¥))
-9
2, 2 10-13 Writing the meaning of | Subordinating
& Quranic words, phrases | Canjunction{), Was {&S),
flevision & translation of Vocative Particle{slalt vl y)
{Unit 2} Sentences ~ * | g

10-13
Quiz
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1. | Unit3 1-2 | Writing the meaning of | Quranic Adjective
Quranle phrases Compounds
1-2 { dynmgasg i)
2. 3 3-5 Writing the meaning of | Quranic Passessive
Quranlc phrases & Constructlon
tronslatlon of (4l Staaay iladas }
senlences
3-5
¢l 3 6-7 Writlng the meaning of | Quranic Possessive
Qurantc phrase Constructlon
transtation of (48 lacmny 1iluna }
sentences
6-7
2. 3 B-10 Wilting the meaning of | Active Particlple (J=Wh ),
& Quranic phrase & passive Participle (st 1),
Revliston translation of pual ()
{Unlt 3} sentences
B8-10
Qulz
1. Unit 4 i-2 Writing the meaning of Personal Pronoun He(
Quranic phrase.& .. J.dsaildl) PR
translation of possessive Pronoun His
sentences Juaidl)
1-2
2 4 3-4 Wiiting the meaning of Possessive Pronoun with
Quranlc phrase & prepositions
translation of llke <3
sententes Pronoun "His” with
3-4 prepositions like 4d v 4
1. 4 5-8 Vriting the meaning of | Personal Fronaun You{ =l
quranic sentences eadnalt)
5-8 Possessive Pronoun Your &
Jeatall)
Possessive Pronoun with
prepositions
like iy 4
Pronoun "your” with
prepositions ke i wutlle ol
2. Mid:Term
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e
Persanal Pronoun_She(. U.

1. 4 912 | Wiiting the meaning of § Pers ‘
Quranic phrases & deairdl) oun Her B
sentences possessive Prof
9-12 sl
Possessive Pronoun with
prepositions
ftke Wi ot
Pronoun “Her* with
prepositions ltke 4
2. 4 1316 | Weiting the meaning of | Personal franoun ([ 1!
Quranic phrases & | Jeail)
sentences Possessive Pronoun Her o
13-16 Jeaiall)
Possessive Pronoun with
prepositions
like 3 iPronoun “My”
with prepositions like
10, 1 4 17 Revislon of all Quranic | Adverb {a}
& sentences of Unit 4
Revision Quiz
Unit 4
2. Unit s 1-2 Wrlting the meaning of | Mascullne Plural
Quranic phrases & | 2S5l aap g Bl SS800 aun
sentences U 5y (5 ppeaall (ot
1-2
|1, 1. S 3.4 Writing the meaning of | Possesslve Construction with
Quranlc phrases & Plurals
sentences ALYy Gypaddl pl Y S e
3-4
2. ] 5-6 Writing the meaning of | Personal Pronoun They { A
Quranle phrases, Sualialt)
sentences & verses Possessive Pronoun Thelr .
5-6 Jead
| 2. 1. S 7-8 Writing the meaning of | Possessive Pranoun with
Quranlc phrases, prepositlons
sentences B verses like p4lniPronoun “Thelr”
7-8 with prepositions like o¢
2. 5 9-11 Wrlting the meaning of | Persenal Pronoun You{ sl
Quranlc phrases, Jeaila
sentences & verses Possesslve Pranoun Your (S
9.11 deaiall)
Possessive Pronoun with
prepositions
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13. . ltke oSy
! 12-14 | Wrlting the meaning of | Pronoun *Your” with
Quranlc phrases & prepositions like #<!
sentences & versas Personal Pronoun We { <~
12-14 ealidl)
Possessive Pronoun Our U
oaalt)
2. 15-16 Writing the meaning | Passessive Pronoun with
of Quranlc sentencas & | propositions
verses ke iz d
15-16 Pronoun “Our” with
prepositions like U
4. 1 17-18 Writing the meaning of Demonstrative Pronoun
Quranic sentences & | These, Those { ARERS EYY)
Verses
17-18
2. 19-23 | Writing the meaning of | {1 Le rsd slall ) foddifL
Quranfcsentences & | ¢AS sl o)
verses ifongee 130epy 10l et Y1)
19-23 L oS 1pad oy 1230 sl alagids
[T Py rlsl Al iyl
{SuaS)lld 1o e
15. b IS Revlision Quiz
Unit5
2. 1-3 (tiil | Writing the meaning of Introductlon of Present
Page 16) Quranic Verbs Tenselp stas Jad) &
&Translatlon of Verbal Sentence { e Aaz)
Quranic Sentences & | Present Tense
Verses g il Gpa p Snadt Jailh
{1-3)
L6. 1. 3 (From Tronslatlon of Quranic | Present Tense
Page 17) Sentences & Verses plag 3l Lipea el Usilh
& A-5 3-5 e = L. . .
2, [ Transiation of Quranic | Present Tense
Sontences & Verses | el Thjea g leieadl Juitt
Crgalny
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URC.G—S 120
URCG1 —>120

Model Course Qutline
for the Course Understanding of Quran — i

Course Title: Understanding of Quran =1

Coursa Bool: Mualitm ul Quran (Voluma 3, 4 & 5} by Dr Ubald ur fahman
Credit Hours: 1 (0-1)

Contact Hours: 3 per week

Waocks: 15-16 {45-48 hours)

Course Learning Qutcomes:

Oy the end of this course, students will be able to:

Awop e

Directly comprehend hundreds of Quranle sentences & verses.

Understand ot least 80 to B5S % of each page of the holy Guran,

Understand common verses across different Quranic toples,

Achleve proficiency In the baslc and advance linguistic aspects of the Arable
language.

Understond the difference between Quranlc verbs In varlous forms, such as preseat,
past and imperative.

Dcvelop the abllity to understand long verses af the holy Quran Independently and
then comprehend thelr Interpretation,

Provislon of material, content and books:

Course Outiine:

Paper boak: All volumes are avallable In printed book form.

Tutorial videos: Teaching video of each lesson avatlable on YouTube.

Confirmatlon Videos: A complete serles of conlirmation videos of all lessons Is \
avallable In which the student can confirm his answers.

A flipbook: A filphook edition is also accessible,

Helping materlal: Helplng material for the teachers like gqulzzes, question papers and
images is avallable on website.

Weeks | Lectures | Units Lessons Asslgnments/Home
Task
1. 1. 6 ] Understanding & Present Tense

Translotion of Verses | rodies Jiaguls e gy Ligm

2. [ 7-8 Understanding & Present Tense

Transiation of Verses { ey e it 84 gap ipa

1, & 9.10 Understanding & Present Tense

Translation of Verses (20n3) bl S 3 e Uigem
(0533 ) udlin JS3a pray

2. 6 11-12 Understanding & | Present Tense

Translatlon of Verses | (G ) il She pap Lipe

4

@ CamScanner



3. 1. 6 13 {31 plST Aipia
Understanding & Present Tense
3 Translation of Verses (34e3) ST pape Ligom
‘ & 14-15 Understanding & | Negative Imperative
Transiation of Verses | s3ad Y | aapdl Aigeay apdi Lipm
4 L - ok
) 1 6 16-17 Understanding & | Conditional Sentences &
Transtation of Verses | masdar moawal
{iss i)
2 6 18-19 Understanding & | Laam uttaleel
Translation of Verses | (il o3} &
Laam ul jhood{2sa38 p¥)
5. 1. 3 20-21 Understanding & | Present with object
Transtation of Verses | pronouns &
Passive Volce
2. 6 Revislon Quiz
(Unit 6)
o, 1. Unit 7 1 Understanding Past Tense
{sec 1-3) & Translation of il il Lisa
Verses
2. ] 1 Understanding Past Tense
(Sec 4-5} & Translatlon of i) 3 il L
Verses
7. 1. 6 1 Understanding Past Tense
{Sec 5+6) & Translation of il 3 jiall Logome
Verses
2. [ i Understanding Past Tense
{(5ec 7-5) £ Translatlon of il 3 jial Lpa
Verses
a. 1, 7 Revislon Understanding Past Tense
& Translation of ol bl Ry
Verses
Qauiz
2. MIDTERM
9. 1 7 2 Understanding & | Past Tense
{sec 1.2} | Translation of Verses 133 Golill papdl Aisese
2, 7 2 Understanding & Past Tense
(sec 3) Translation of Verses e il pagdl Aage
10 1. 7 2 Understanding & Past Tense
(sec 4-5) Translation of Verses Lppe il papdl Ui
2, 7 2 Understanding & Past Tense
(sec 6-7) Translation of Verses Ly olidl aapdt Aigea
11, 1, 7 3 Undlerstanding & Past Tense
(sec 1-2) Translatlon of Verses Uye ACLI 4apll 3ine

CamScanner

B



P

2, 3 Understanding & | Past Tense ) N
{sec 2-3) _| Translatlon of Verses Uy MY pepd! ise
12. 1. 3 Understanding & | Past Tense .
(sec3-4) | Translation of Verses e P18 papll Tisia
2. 3 Understanding & | Past Tense N
{sec4-5) | Translatlon of Verses W plSiall papdl g
13. 1. 4 Understanding & pPast Tense .
{sec 1-2-3) | Translatlon of Verses s pbtadd gl Ligee
. 4 Understanding & | Past Tense )
{sec 4-5} Translatlon of Verses s cilliall gl Zidea
14. 1 5-6 Understanding & | Past Tense
Translation of Verses s e wllaaly il g
Qulz S
2. 7 Understanding & | Past Tense
Translation of Verses e Al i yalt Aipea
LS. 1% 8 Understanding & | Passive Volce {Past Tense)
Translation of Verses 3 giall Jppas Jud
2 9 Understanding 8 | Passlve Volce {Past Tense)
Transiztlon of Verses gl Jpppe Jad
16. 1. 1-4 Understanding & Imperative Verb for singular
Translation of Verses | askall st Jdd
2. 5-8 Understanding & | Imperative Verb for plural

Translation of Verses

cenll 4 Jud

@ CamScanner




List of Single Major Courses



MATH-6101 Real Analysis -1 3(3-0)

This is the first part of a two-semester course. The first course covers the following fundamentals of mathematical
analysis. Real numbers: Properties and operations of real numbers, including order, completeness, and density.
Sequences and series: Convergence, divergence, and properties of sequences and series of real numbers. Limits
and continuity: Definition and properties of limits, continuity, and uniform continuity. Differentiation: Definition
and propertics of derivatives, including rules for differentiation. It develops the fundamental ideas of mathematical
analysis and is aimed at developing the student’s ability, to write solutions to problems & proofs of theorems that
micet rigorous standards based on content, organization & coherence, argument & support, & style & mechanics.
The importance in other scicnee are as follows: Physics and engineering; Real analysis is used to model and analyze
physical systems, including motion, forces, and energies, in Economics; It is applied in economic medeling,
particularly in understanding cconomic growth, optimization, and dynamics, in Computer science; Real analysis
is used in algorithm design, computational complexity, and machine learning.

Contents

Number Systems: Ordered fields

rational, real & complex numbers

Archimedean property

supremum, infimum & completeness

Topology of real numbers

Convergence, completeness, completion of real numbers

Heine Borel theorem

Sequences & Series of Real Numbers

Limits of sequences, algebra of limits

Bolzano Weierstrass theorem, Cauchy sequences, liminf, limsup

limits of series, convergences tests, absolute & conditional convergence, power series
Continuity: Functions, continuity & compactness, existence of minimizers & maximizers
uniform continuity, continuity & connectedness, intermediate mean value theorem
monotone functions & discontinuities

[r e B o T R N

— o = e - D
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Recommended Texts

1. Bartle, R. G.,& Sherbert, D. R. (2011). Introduction to real analysis (4" ed.) New York: John Wiley & Sons,
2. Trench, W. F. (2013). fntroduction 1o real analysis (2™ ¢d.). New Jersey: Prentice Hall.

Suggested Readings

1. Folland, G.B. (1999). Real analysis (2™ ed.). New York: John Wiley & Sons.
2. Rudin, W. (1976). Principles of mathematical analysis (3" ed.) New York: McGraw-Hill.
3. Royden, H., &Fitzpatrick, P, (2010). Real analysis (4™ ¢d.). New Jersey: Pearson Hall.

A -
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MATH-6102 Topology 3(3-0)

Topology studies continuity in its broadest context. We begin by analyzing the notion of continuity familiar from
caleulus, showing that it depends on being able to measure distance in Euclidean space. This lcads to the more
general notion of a metric space. A brief investigation of metric spaces shows that they do not provide the most
suttable context for studying continuity. A decper analysis of continuity in metric spaces shows that only the open
scts matter, which leads to the notion of topological spaces. We casily sce that this is the right setting for studying
continuity. The central concepts of topology, compactness, connectedness & separation axioms are introduced.
Applications of topology 10 number theory, algebraic geometry, algebra & functional analysis are featured. Since
many important applications of topology use metric spaces, we mvestigate topological concepts applicd to them
& introduce the notion of completeness. In addition, this course provides the basis for studying differential
geometry, functional analysis, classical & quantum mechanics, dynamical systems, algebraic & differential
topology.

Contents

Topological spaces

Bases & sub-bases

First & second axiom of countability
Separability

Continuous functions & homeomorphism
Finite product space

Scparation axioms (T)

Scparation axioms (T))

Separation axioms (T.)

Techonoff spaces

Regular spaces

Completely regular spaces

Normal spaces

Product spaces

Compactness

16 Connectedness

G~ Gy th B W )

— e e e o O
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Reconmended Texts

1. Sheldon, W. D.(2005). Topology (1" ed.). New York: McGraw Hil.
2. Willard, 8. (2004). Gencral topology (1% ed.). New York: Dover Publications.

Suggested Readings
1. Lipschutz, S. (2011). General topology, Schaum's outline series (1" ed.). New York: McGraw Hill.

2. Ammstrong, ML.A. (1979). Basic topology (1* ed.). New York: MeGraw Hill.
3. Mendelson, B. (2009). Introduction to topology (3" ed.). New York: Dover Publications.

. /
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MATH-6103 Partial Differential Equations 3(3-0)

Partial Differential Equations (PDEs) arc in the heart of applied mathematics & many other scientific disciplines.
The beginning weeks of the course aim to develop enough familiarity & experience with the basic phenomena,
approaches, & methods in solving initial/boundary value problems in the contexts of the classical prototype linear
PDEs of constant cocfficients: the Laplace cquation, the wave equation & the heat cquation. A varicty of tools &
methods, such as Fourier series/cigen function expansions, Fourier transforms, energy methods, & maximum
principles will be introduced. More importantly, appropriate methods are introduced for the purpose of establishing
quantitative as well as qualitative characteristic propertics of solutions to cach class of cquations

Cantentr

First order PDEs: Introduction, Formation of PDEs, Solutions of PDEs of first order
The Cauchy’s problem for quasi linear first order PDEs, First order nonlinear equations
Special types of first order equations Second order PDEs

Basic concepts & definitions, Mathematical problems, Linear operator

Superposition, Mathematical models

The classical equations, The vibrating string, The vibrating membrane

Conduction of heat solids, Canonical forms & variable

PDE:s of second order in two independent variables with constant & variable coefficients
Cauchy’s problem for second order PDEs in two independent variables

10 Methods of separation of variables, Solutions of elliptic

1 Laplace transform: Introduction & properties of Laplace transform

12 Transforms of clementary functions, Periodic functions, error functions

13 Dirac delia function, Inverse Laplace transform, Convolution Theorem

14 Solution of PDEs by Laplace transform, Diffusion & wave equations

15 Fourier transforms, Fourier integral representation

16 Fourier sine & cosine represeritation, Fourier transform pair

17 Transform of elementary functions & Dirac delta function, Finite Fourier transforms

18 Solutions of heat, Wave & Laplace equations by Fourier transforms

O 0C N B W ko —

Recommended Texis

I Myint U. T. Partial Differential Equations for Scientists and Engincers, (3rd ed.). North Holland, Amsterdam,
1987

2 Zill, D.G., & Michacl, R. (2009). Differential equations with boundary-value problems (5 ed.) New York:
Brooks/Cole.

3 Polking, J., & Boggess, A. (2005). Differential equations with baunda;:y value problems (2™ ed.). London:
Pearson,

Suggested Readings

I Wiloka, J. (1987). Partial differential equations (1" ¢d.). Cambridge: Cambridge University Press.

2 Humi, M., & Miller, W. B. (1991). Boundary value problems &partial differential equations (1% ed.), Boston:
PWS- KENT Publishing Company.
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MATH-6104 Numerical Analysis-I 3(3+0)

To explore complex systems, physicists, engineers, financiers and mathematicians require computational methods
since mathematical models are only rarely solvable algebraically. Numerical methods, based upon sound
computational mathematics, are the basic algorithms underpinning computer predictions in modem systems
science. The course will cover the classical fundamental topics in numerical methods such as, approximation,
numerical linear algebra, solution of nonlincar algebraic systems, matrix decomposition, interpolation and unstable
systems. The viewpoint will be modern, with connections made between each topic and a variety of applications.
Itis optimal to venfy numerical methods by using computer programming (Mat Lab, Maple, C++, etc.)

Comntents

I Error analysis: Floating point arithmetic, Error Approximations

2 Methods for the solution of non-linear equations: Bisection method, Regula-Falsi method, Fixed point iteration
method, Newton-Raphson method, Sccant method, Convergence criteria, Muller’s Method, Graeffe’s root
squaring Method. System of non-lincar cquations,

3 Numerical solutions of a system of linear equations: Direct methods: Gaussian elimination method, Gauss-
Jordan method, Pivoting techniques

4 LU-decomposition: Crout’s method of factorization, matrix inversion, Cholesky’s method and Doolittle’s
methad

5 Iterative methods: Jacobi method, Gauss-Seidel Method, Relaxation Method. Matrix Norm, Condition
Number and Il-conditioned system

6 Eigen values problems: Introduction, Power Method, Jaccobi's Method

7 Interpolation: Finite differences opcralors, Forward differences and Backward difference operators, shifi
operator, Average operator, Differential operator, Relation between operators, shift operator, Average operator,
Newton’s forward Differences Interpolation formula, Newton’s backward differences interpolation formula,
Lagrange’s interpolation formula, Newton's Divided difference interpolation formula, Interpolation in two
dimensions, Hermite interpolation.

Recommended Texis

1. Burden, R. L., Faires, J. D., & Burden, A.M. (2015). Numerical analysis (10" ed.). Boston: Cengage Learning.
2. Gerald,CF., & Wheatley, P.O. (2005). Applied numerical analysis. London: Pearson Education, Singapore,

Suggested Readings

1. Philip, J. (2019). Numerical applied computational programming with case studies (1* ed.). New York: A
press.

Khoury, R., & Harder, D.W. (2016). Numerical methods & nmodelling for engineering (I*' ed.). London:
Springer.
3. Antia, H.M. (2012). Numerical methods Jor scientists & engineers (3 ed.). New York: Springer.

/-
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MATH-6105 Real Analysis 11 3(3-0)

This course is continuation of Real Analysis 1, this course will continue to cover the fundamentals of real analysis,
concentrating on the Riemann-Stieltjes integrals, Functions of Bounded Variation, Improper Integrals, convergence
of series, study of a selection of theorems concerning integration, to recognize the difference between point wise
& uniform convergence of a sequence of functions and to illustrate the effect of uniform convergence on the limit
function with respect to continuity, Emphasis would be on proofs of main results. The aim of this course is also
to provide an accessible, reasonably paced treatment of the basic concepls & techniques of real analysis for students
in thesc arcas. This course provides greatly strengthening student's understanding of the results of calculus & the
basis for their validity the uses of deductive reasoning, increasing the student's ability to understand definitions,
understand proofs, analyze conjectures, find counter-examples to false statements, construct proofs of true
statements & enhancing the student's mathematical communication skills. In addition, it provides the key
foundations of rclated advanced courses c.g. Advanced Calculus, Measure Theory and Functional Analysis.

Contents

Differentiation: Mean value theorem, L’Hopital’s Rule, Taylor's theorem
The Riemann-Stieltjes Integrals

Definition & existence of integrals

Properties of integrals

Fundamental theorem of calculus & its applications

Change of variable theorem, integration by parts

Functions of Bounded Variation

Definition & examples, propertics of functions of bounded variation
Improper Integrals: Types of improper integrals

10. Tests for convergence of improper integrals

11. Beta & gamma functions

12. Absolute & conditional convergence of improper integrals

13. Sequences & Series of Functions

14. Power series, definition of point wise & uniform convergence

15. Uniform convergence & continuity

16. Uniform convergence & differentiation, examples of uniform convergence

W NS s W

Pre-requisite: Real Analysis-1
Recommended Texts

1 Bartle, R. G., & Sherbert, D. R. (2011). Introduction to real analysis (4"ed.). New York: John Wiley & Sons.
2 Rudin, W. (1976). Principles of mathematical analysis (3" ed.), New York: McGraw-Hill.

Suggested Readings

I Folland, G. B. (1999). Real analysis (2™ ed.). New York: John Wiley & Sons.
2 Hewit,E, & Stromberg, K. (1965). Real &abstract analysis. New York: Springer-Verlag Heidelberg
3 Lang, S. (1968). Analysis I. Boston: Addison-Wesley Publ. Co.

/
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MATH-6106 Complex Analysis 3(3-0)

This 1s an introductory course in complex analysis, giving the basics of the theory along with applications, with an
emphasis on applications of complex analysis & especially conformal mappings. Students should have a
background in real analysis (as in the course Real Analysis I}, including the ability to write a simple proof in an
analysis context. Complex Analysis is a topic that is extremely useful in many applicd topics such as numerical
analysis, electrical engineering, physics, chaos theory, & much more, & you will sec some of these applications
throughout the course. In addition, complex analysis is a subject that is, in a sense, very complete, The concept of
complex differentiation is much more restrictive than that of real differentiation & as a result the corresponding
theory of complex differentiable functions is a particularly nice one.

Contents

Introduction: The algebra of complex numbers

Geometric representation of complex nuimbers

Polar form of complex numbers

Powers & roots of complex numbers

Functions of Complex Variables

Limit

Continuity

Differentiable functions, the Cauchy-Riemann equations
Analytic functions, entire functions, harmonic functions
Elementary functions: The exponential, Trigonometric functions
Hyperbolic, Logarithmic & Inverse elementary functions
Complex Integrals: Contours & contour integrals, anti-derivatives, independence of path

Cauchy-Goursat theorem, Cauchy integral formula, Lioville’s theorem, Morerea’s theorem
Maximum Modulus Principle

Series: Power series, Radius of convergence & analyticity
Taylor’s & Laurent’s series
Integration & diffcrentiation of power series, isolated singular points
Cauchy’s residue theorem with applications
* Types of singularities & calculus of residues, Zeros & Poles, Mobius transforms
Conformal mappings & transformations

OO ) Oy Lh B W R e
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Recommended Texts

I Mathews J. H., & Howell, R.W. (2006). Complex analysis for mathematics &engineering (5" ed.). Burlington:
Jones & Bartlett Publication.

2 Churchill, R.V,, & Brown, J.W. (2013). Complex variables &applications (9" ed.). New York: McGraw-Hill.

Suggested Readings

1 Remmert, R. (1998). 7 heory of complex finctions (1* ed.). New York: Springer-Verlag.
2 Rudin, W. (1987). Real decomplex analysis (3" ed.). New York: McGraw-Hill.
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MATH-6107 Numerical Analysis- I1 3(3+0)

Numerical analysis is the study of algorithms that use numerical approximation instead of symbolic manipulations
for the problems of mathematical analysis, Numerical methods, based upon sound computational mathematics, are
the basic algorithms underpinning computer predictions in modern systems science. The course will cover the
classical fundamental topics in numerical methods such as, numerical integration, solution of ordinary and partial
differential equations. Linear opcerators, multi-step methods and solution of difference equations of different types.
The viewpoint will be modern, with connections made between each topic and a variety of applications.

Contents

I Numerical differentiation and Numerical Integration: Numerical Differentiation: Introduction, Differentiation

using difference operators, Differentiation using interpolation

Numerical Integration: Newton-Cotes integration formulae, Composite Integration, Rectangular rule,

Trapezoidal rule (simple and composite), Simpson’s 1/3 rule and Simpson’s 3/8 rule of integration

3 Boole’s rule & Weddle's rules, Basic technique of finding error term

4 Numerical Solution of ODE: Introduction, Initial Value Problem, Boundary Value Problem, Taylor's Scries
method, Euler method, modified Euler’s method, Instability criteria of Euler method, Runge-Kutta methods
for solving initial value problems

5 Multi step methods: Predictor-Corrector method, Milne's methods, Adam Bash-forth methods

6 Difference Equations: Introduction to numerical solutions, Formulation of difference equations, Solution of
linear/non-linear difference equations with constant coefficients, Solution of homogeneous difference

cquations with constant coefficients, Solution of inhomogencous difference equations with constant
coefficients

(B

Pre-requisite: Numerical Analysis-I

Recommended Texts

1. Burden, R. L., Faires, J. D., & Burden, A.M. (2015). Numerical analysis (10" ed.). Boston: Cengage
Learning.

2. Gerald, C.F, & Wheatley, P.O. (2003). Applied numerical analysis (7" ed.). London: Pearson.

Suggested Readings

—

Kuo, Shan S. (1972). Computer applications of numerical methods. 1slamabad: National Book Foundations.,

2. Philip, J. (2019). Numerical applied computational programming with case studies (1* ed.). New York: A
press.

3. Khoury, R., & Harder, D.W. (2016). Numerical methods & modelling for engineering (1 ed). London:
Springer.

4. Antia, HM. (2012). Numerical methods Jor scientists & engineers (3% cd.). New York: Springer.
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MATH-6108 Mathematical Methods 3(3-0)

Mathematical mcthods present an applied mathematics course designed to provide the necessary analytical and
numerical background for courses in astrophysics, plasma physics, fluid dynamics, clectromagnetism, and
radiation transfer. The main objective of this course is to provide the students with a range of mathematical methods
that arc essential to the solution of advanced problems encountered in the fields of applied physics & engineering.
Calculation-oriented mathematics is included in all topics relevant. Systems of linear cquations, Gauss-Jordan-
elimination, basic matrix algebra, determinants. Limits and continuity, differentiation and integration of functions
in one variable, maxima and minima, implicit differentiation and trigonometric functions, relfated rates,
differentials and linearization, L'Hopitals rule, Newton's method and the bisection method. Riemann sums and the
fundamental theorem in calculus, integral functions, definite and indefinite integrals, basic integration techniques,
substitution and partial integration, numerical integration by the rectangle and trapezium methods, improper
integrals. Arca, volume and arc length. Modeling with differential cquations, first order scparable and lincar
differential equations, Euler's method, second order linear differential equations with constant coefficients,

Contents

7 Hankel transforms for the solution of PDEs & their application to boundary value problems
8  Green’s Functions & Transform Methods; Expansion for Green’s functions

9 Sturm-Liouville problems: Introduction to cigen value problem, adjoint & sclf-adjoint operators,
10 Self-adjoint differential equations, eigen values & eigen functions

11 Sturm-Liouville (S-L) boundary value problems, regular & singular S-L problems

12 Transform methods. Closed form Green’s functions. Perturbation Techniques

13 Perturbation methods for algebraic equations

14 Perturbation metheds for differential equations

15 Variational Methods: Euler-Lagrange equations

16 Integr & involving one, two, three & n variables

17 Special cases of Euler-Lagrange’s equations

18 Necessary conditions for existence of an extremum of a functional

19 Constrained maxima & minima

Recommended Texis

1. Powers, D. L. (2005). Boundary vaiue problems & partial differential equations (5™ ed.). Boston: Academic
Press.

2. Boyce, W.E. (2005). Elementary differential equations (8™ ed.). New York: John Wiley & Sons.

Suggested Readings
Brown, J.W., & Churchil, R.V. (2006). Fourier series &boundary value problems. New York: McGraw Hill.
Snider, A.D. (2006). Partial differential equations. New York: Dover Publications Inc.

1

2,

3. Boyce, W.E. (2005). Elememtary differential equations (8" ed.). New York: John Wiley & Sons.

4. Krasnov, M.L., Makarenko, G.I., & Kisclev, AL (1985). Problems &exercises in the caleulus of variations.

USA: Immported Publications, Inc.
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MATH-6111 Differential Geometry 3(3-0)

Differential geometry is the study of geometric properties of curves, surfaces, & their higher dimensional analogues
using the methods of calculus. It has a long & rich history, &, in addition to its intrinsic mathematical value &
iniportant connections with various other branches of mathematics, it has many applications in various physical
sciences, e.g., solid mechanics, computer lomography, or general relativity. Differential geometry is a vast subject.
This course covers many of the basic concepts of differential geometry in the simpler context of curves & surfaces
in ordinary 3-dimensional Euclidean space. The aim is to build both a solid mathematical understanding of the
fundamental notions of differential geometry & enough visual & geometric intuition of the subject. This course is
of interest to students from a variety of math, scicnce & engineering backgrounds, & that after completing this
course, the students will ready to study more advanced fopics such as global properties of curves & surfaces,
geometry of abstract manifolds, tensor analysis, & general relativity.

Contents

Space Curves

Arc length, tangent

Normal & binormal

Curvature & torsion of a curve

Tangent planes

The Frenet-Serret apparatus

Fundamental cxistence theorem of plane curves
Four vertex theorem, Isoperimetric inequality
Surfaces

First fundamental form

Isometry & conformal mappings

Curves on Surfaces, surface Arca

Second fundamental form

Normal & Principle curvatures

Gaussian & Mean curvatures

16 Geodesics

W - Sy B ) e
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Recommended Texts

1. Somasundaran, D. (2005). Differential geometry (1* ed.). New Delhi: Narosa Publishing House.
2. Pressley, A, (2001). Elementary differential geomelry (1" ed.). New York: Springer-Verlag,

Suggested Readings

1. Wilmore, T. J. (1959). 4n introduction 1o differential geometry (1% ed.). Oxford Calarendon Press.

2. Weatherburn, C. E. (2016). Differential geometry of three dimensions. Cambridge University Press.

3. Millman, R. S., & Parker, G. D. (1977). Elements of differential geometry. Englewood Cliffs: Prentice Hall.

A
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MATH-6114 Integrat Equations 3(3-0)

Many physical problems that are usually solved by differential equation methods can be solved more cfTectively
by integral equation methods. This course will help students gain insight into the application of advanced
mathematics & guide them through derivation of appropriate integral equations governing the behavior of several
standard physical problems. In addition, a large class of initial & boundary value problems, associated with the
differential equations, can be reduced to the integral equations, whence enjoy the advantage of the above integral
presentations. This course has many applications in many sciences. This course emphasizes concepts and
techniques for solving integral equations from an applied mathematics perspective. Material is sclected from the
following topics: Volterra and Fredholm equatiens, Fredholm theory, the Hilbert-Schmidt theorem; Wiener-Hopf
Method; Wiener-Hopf Method and partial differential equations; the Hilbert Problem and singular integral
cquations of Cauchy type; inverse scatiering transform; and group theory. Examples are taken from fluid and solid
mechanics, acoustics, quantum mechanics, and other applications.

Contents

Linear integral equations of the first kind

Lincar integral equations of the second kind

Relationship between differential equation & Volterra integral equation
Neumann series

Fredholm Integral equation of the second kind with scparable Kernels
Eigen values, Eigenvectors

Iterated functions

Quadrature methods

Least square methods

Homogeneous integral equations of the second kind

Fredholm integral equations of the first kind

Fredholm integral equations of the second kind

Abel’s integral cquations

Hilbert Schmidt theory of integrat equations with symmetric Kernels
Regularization & filtering techniques

= - R R R O N
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Recommended Texts

1 Jerri, J. (2007). Introduction 1o integral equations with applications (2 ed.). New York: Sampling Publishing,
2 Wazwaz, AM. (2011). Linear & nonlinear integral equations: methods & applications. New York: Springer.

Suggested Readings

I Lovitt, W.V. (2005). Linear integral equations. New York: Dover Publications.

2 Christian, C., Dale, D., & Hamill, W, (2014). Boundary integral equation methods & numerical sohitions (1#
ed.). New York: Springer.

3 Kanwal, R. P. (1996). Linear integral equations: theory & technigue. Boston: Birkhauser
4 Tricomi, F. G. (1985). Integral Eguations. New York: Dover Pub.
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MATH-6115 Functional Analysis 3(3-0)

This course extends methods of linear algebra & analysis 10 spaces of functions, in which the interaction between
algebra & analysis allows powerful methods to be developed. The course will be mathematically sophisticated &
will use ideas both from linear algebra & analysis. This is a basic graduate level course that introduces the student
to Functional Analysis & its applications. It starts with a review of the theory of metric spaces, the theory of Banach
spaces & proceeds to develop some key theorems of functional analysis. Then continuous to lincar operators in
Banach & Hilbert spaces & to spectral theory of self-adjoint operators with applications to the theory of boundary
value problems, & the theory of lincar clliptic partial differential equations.

Contents

Metric Spaces

Completeness of metric space

Completeness proofs

Normed linear Spaces, Banach Spaces

Equivalent norms

Finite dimensional normed spaces, Lincar operator
Continuous & bounded linear operators

Linear functional, Dual spaces

Functional on finite dimensional Spaces

10 Inner product Spaces

11 Hilbert Spaces

12 Conjugate spaces

13 Representation of linear functional on Hilbert space
14 Orthogonal sets

15 Orthonormal sets & sequences

16 Orthogonal complements & direct sum

17 Reflexive spaces

D00~ N Lh o L) R e

Recommended Texts

| Kreyszig, E. (1989). Intreduction to Junctional analysis with applications (1" ed.). New York: John Wiley &
Sons.

Suggested Readings

1 Dunford, N, & Schwartz, J. T. (1958). Linear operators, part-1 general theory. New York: Interscience
publishers.

2 Balakrishnan, A. V. (1981). Applied Junctional analysis (2™ ed.). New York: Springer-Verlag.
3 Conway, J. B. (1995). 4 Course in Junctional analysis (2" ed.). New York: Springer-Verlag.

/
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MATH-6116 Special Functions 3(3-0)

Special functions are particular mathematical functions that have more or less established names & notations due
to their importance in mathematical analysis, functional analysis, geometry, physics, or other applications. The
term 15 defined by consensus, & thus lacks a general formal definition, but the List of mathematical
functions contains functions that are commonly accepted as special. The main aim of this course is the study of
basic special functions & proves the properties & relations related to these functions. Furthermore, the simple sets
of polynomials are discussed.

Contents

The Weierstrass gamma function

Euler integral representation of gamma function

Relations satisfied by gamma function

Euler’s constant

Prapertics of gamma function

Beta function, integral representation of beta function

Relation between gamma & beta functions

Properties of beta function, Legendre’s duplication formula

Gauss’ multiplication theorem

Hypergeometric series, the functions F(a,bic;z) & F(a,bic;D), integral representation of hypergeometric
function,

11" The hypergeometric differential equation, The contiguous relations, Simple transformations,
12 A theorem due to Kummer,

13 Differential equation, Kummer’s first formula

14 Simple sets of polynomials, Orthogonality,

15 The three term recurrence relation, The Christofell-Darboux formula,

16 Bessel Functions

17 Generating functions

L =R =R - 7 R SO S T N

o

Recommended Texts

1. Richard, B. (2016). Special finctions & orthogonal polynomials. Cambridge: Cambridge University Press.
2. Rainville, E. D. (1 971). Special fimctions (3# ed.). New York: The Macmillan Company

Suggested Readings
L. Whittaker, E. T., & Watson, G. N. (1978). A course in modern analysis, (2™ ed.). Cambridge: Cambridge

University Press.
2. Lebedev, N. N. (1972). Special Junctions & their applications (2 ed.). New York: Prentice Hall,

=
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MATH-6117 Graph Theory 33-0)

The objective of this course is to understand & apply the fundamental concepis in graph theory, apply graph theory-
based tools in solving practical problems & to improve the proof writing skills. Graph theory has been applied {0
several areas of physics, chemistry, communication science, biology, electrical engineering, operations research,
psychology, linguistics, among others ficlds, to solve problems that can be modeled as discrete objects called
graphs. Graph theory is intimately related to different branches of mathematics including the group theory, the
matrix theory, the numerical analysis, probability, topology, & the combinatorics. Even though some of the
problems in graph theory can be described in an elementary way, many of these problems represent a challenge (o
many rescarchers in mathematics. The main focus of this course is to understand & apply the fundamental concepts

in graph theory. To apply graph theory-based tools in solving practical problems. To improve the proof writing
skills.

Contents

I Graphs & digraphs

2 Degree sequences

3  Paths

4 Cycles, cut-vertices, & blocks
5 Eulerian graph

6 Digraphs

7 Trees

8 Incidence matrix

9 Cut-matrix

10 Circuit matrix & adjacency matrix
11 Orthogonality relation

12 Decomposition

13 Euler formula

14 Planer graphs

I5 Non-planer graphs

16 Mengers theorem

17 Hamiltonian’s graphs

Recommended Texts

I. Chartrand. G., Lesniak, L., & Zhang, P. (2010). Graphs & digraphs (5" ed.). Florida: Chapman & Hall.
2. Ruohonen, K. (2013). Graph theory (translation by Janne Tamminen, Kung-Chung Lec & Robert

Piché).http://math.tul.ﬁ/~ru0honen/GT_English.pdf

Suggested Readings

I. Robin, 1. W. (1996). Introduction 1o graph theory (4" ed.). Boston: Addison Wesley.

2. Bondy, 1. A, & Murty, S. U. R. (1976). Graph theory with applications. United States: The Macmillian Press
Ltd.
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MATH-6118 Advance Group Theory-I 3(3-0)

This is the first part of the two advance course series of Group Theory. This course aims to introduce students to
some more sophisticated concepts & results of group theory as an essential part of general mathematical culture &
as a basis for further study of more advanced mathematics. The ideal aim of Group Theory is the classification ol
all groups (up to isomorphism). It will be shown that this goal can be achieved for finitely gencrated abelian groups.
In general, however, there is no hope of a similar result as the situation s far too complex, even for finite groups.
Still, since groups are of great importance for the whole of mathematics, there is a highly developed theory of
outstanding beauty. It takes just three simple axioms to definc a group, & it is fascinating how much can be deduced
from so tittle. The course is devoted to some of the basic concepts & results of Group Theory.

Contents

Group of automorphisms, inner automorphisms, definition & related results
Characteristic & fully invariant subgroups,

Symmetric Groups, cyclic permutations

Even & odd permutations

The alternating groups, conjugacy classes of symmetric & alternating groups
Generators of symmetric & alternating groups

Simple groups

Simplicity of symmetric & altemating groups

Group Action on sets or G-sets

10 Orbits & stabilizer subgroups

11 Finite direct products

12 Finitely gencrated abelian groups

13 P-groups, Sylow’s Theorems

14 Application of Sylow's Theorems

15 Linear Groups

o= B R T
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Recommended Texts

1. Rotman, J. J. (1999). An Introduction to the theory of groups (4" ed). New York: Springer.
2. Shah, S.K., & Shankar A. G. (2013). Group theory. London: Dorling Kindersley.
3. Dummit, D.S. Foote, R.M. (2003). Abstract dlgebra (37 Ed.), USA: Wiley.

Suggested Readings

1. Rose, H. E. (2009). A course on finite groups (1* ed). New York: Springer-Verlag,

2. Fraleigh, ). B. (2003). A4 first course in abstract algebra (7" ed.). Boston: Addison-Westey Publishing
Company.

3. Malik, D. S., Mordeson J. N., & Sen M. K. (1997). Fundamentals of abstract algebra. New York:
WCB/McGraw-Hill.

4. Rose,J. A.(2012). Couwrse on group theory (Revised ed.). New York: Dover P}I ications.
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MATH-6119

This course is the continuation of the course "Advanced Group Theory-1". This course aims to introduce students
to some more sophisticated concepts & results of group theory as an essential part of general mathematical culture
& as a basis for further study of more advanced mathematics. The ideal aim of Group Theory is the classification
of alf groups (up to isomorphism). It will be shown that this goal can be achieved for finitely generated abelian
groups. This course covers the advanced topics in group theory such as solvable groups, Upper & Lower Central

Advance Group theory-II

series nilpotent groups & free groups.

Contents

O o~ Onh B Y -

Series in groups

Normal series

Normal serics & its refinement

Composition series

Equivalent composition serics

Jordan Holder Theorem

Solvable groups, definition, examples & related results
Upper & Lower Central series

Nilpotent groups

Characterization of finite nilpotent groups

The Frattini subgroups, definition, examples & related results
Free groups, definition, examples & related results
Free Product, definition, examples & related results
Group algebras

Pre-requisite: Advance Group Theory-1

Recommended Texis

W b -

Rotman, J. J. (1999). An Introduction to the theory of groups (4" ed). New York: Springer.
Shah, S.K., & Shankar A. G. (2013). Group theory. London: Dorling Kindersley.
Dummit, D.S. Foote, R.M. (2003). Abstract Algebra (3" Ed.), USA: Wiley.

Suggested Readings

N

Rose, H. E. (2009). A course on finite groups (1" ed). New York: Springer-Verlag.
Fraleigh, 1. B. (2003). 4 first course in abstract algebra (7 cd.). Boston: Addison-Wesley Publishing

Company,

Malik, D. S., Mordeson J. N.,, & Sen M, K. (1997). Fundamentals of abstract algebra. New York:

WCB/McGraw-Hill.

Rose, J. A. (2012). Course on group theary (Revised ed.). New York: Dover Publications.
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MATH-6120 Rings & Modules 33-0)

This course is an introduction to module theory, who knows something about linear algebra and ring theory. Its
main aim is the derivation of the siructure theory of modules over Euclidean domains. This theory is applied to
obtain the structure of abelian groups and the rational canonical and Jordan normal forms of matrices. The basic
facts about rings and modules are given in fusl] generality, so that some further topics can be discussed, including
projective modules and the connection between modules and representations of groups. It aims to develop the
general theory of rings & then study in some detail a new concept, that of a module over a ring. The theory of rings
& module is key 10 many more advanced algebra courses. This subject presents the foundational material for the
last of the basic algebraic structure pervading contemporary pure mathematics, namely fields & modules. The
basic definitions & elementary results are given, followed by two important applications of the theory. This course
introduces concepis of modules. The main objective of this course is to prepare students for courses which require
a good back ground in Modules Theory, Primary component & Invariance Theorem etc,

Countents

Polynomial rings

Division algorithin for polynomials

Prime elements, Irreducible elements

Euclidean domain

Principal ideal domain

Greatest common divisor

Unique factorization domain

Factorization of polynomials over a UFD
Irreducibility of polynomials

10 Eiscnstein’s irreducibility criterion

Il Maximal ideals, Prime ideals, Primary ideals

12 Noctherian rings, Artinian rings

13 Modules, sub modules, Quotient modules

14 Finitely generated & cyclic modules, Exact sequences
15 Elementary notions of homological algebra, Noetherian modules
16 Artinian modules, Radicals, Semisimple modules

17 Tensor product of modules, Bimodules

18 Algebra & coalgebra, Torsion module

19 Primary components, Invariance theorem

b= - R R o

Recommended Texts

1. Wang, F, & Kim, H. (2016). Foundations of comnuttative rings &their modules (1% ed.). New York: Springer.

2. Berrick, A. I, & Keating, M. E. (2000). An introduction to rings &modules: With K-Ti heory in View (1¥ ¢d.).
Cambridge: Cambridge University Press.

Sugpested Readings
I. Hartley, B., & Hawkes, T. O. (1980). Rings, modules &linear algebra (1% cd.). London: Chapman & Hall.

2. Herstein 1. N. (1995). Topics in algebra with application (3¥ed.), New York: Books/Cole.
Blyth, T. 8. (1977). Module theory (1 ed.), Oxford: Oxford University Press.
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MATH-6121 Field Theory 3(3-0)

This course will cover basics of abstract rings and fields, which are an important part of any abstract algebra course
sequence. We will begin with definitions and important cxamples. We discuss cxtension of fields, adjoining roots,
and prove the primitive element theorem. Finally, we will classify finite fields. Rings are one of the fundamental

languages of mathematics & they play a key role in many areas, including algebraic geometry, number theory,
Galios theory & representation theory.

Contents

Extension fields

Finite fields, ficlds extension,

Algcebraic clements

Transcendental clements

Simple extension

Galois theory,

Galois theory of equations,
Construction with straight-edge and compass
Splitting field of polynomials,

The Galois groups,

Some results on finite groups,
Symmetric group as Galois group,

13 Constructable regular n-gones,

14 The Galois group as permutation group.

=N~ - B B Y B SN S e

—_—
—_— O

—
b

Recommended Texts

1.~ Cohn, P. M. (2006). Free ideal rings & localization in general. Cambridge: Cambridge University Press.
2. Lang, S.(2005). Algebra. Boston: Addison Wesley.

Suggested Readings

1. Herstein, L. N, (1975). Topics in algebra. New York: John Wiley & Sons Inc.

2. Hartley, B., & Hawkes, T, O. (1970). Ring, modules & linear algebra. Florida: Chapman & Hall
3. Fraleigh, J. A. (1982). A first course in abstract algebra. Boston: Addison Wesley.

4.

Roman, . (2005). Field theory: Graduate texts in mathematics (2™ ed). Berlin: Springer.
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MATH-6122 Fluid Mechanics-I 3(3-0)

This course is the first part of the corc level course on fluid mechanics. Fluid mechanics is the branch
of physics concerned with the mechanics of fluids (liquids, gases, & plasmas) & the forces on them. It has
applications in a wide range of disciplines, including mechanical, civil, chemical & biomedical engineering,
geophysics, occanography, meteorology, astrophysics, & biology. The course of fluid mechanics is introducing
fundamental aspects of fluid flow behavior. Students will learn propertics of Newtonian fluids; apply concepts of
mass, momentum & energy conservation to flows.

Contents

Introduction: Definition of Fluid, basics equations

Methods of analysis, dimensions & units. Fundamental concepls
Fluid as a continuum, velocity field, stress field, viscosity, surface tension, deseription & classification of fluid
motions

Fluid Statics: The basic equation of fluid static

The standard atmosphere

Pressure variation in a static fluid

Fluid in rigid body motion. Basic equation in integral form for a control volume
Basic laws for a system

Relation of derivatives to the control volume formulation
Conservation of mass

Momentum equation for inertial control volume

Momentum equation for control volume with rectilinear acceleration
Momentum equation for control volume with arbitrary acceleration
The angular momentum principle

The first law of thermodynamics

The second law of thermodynamics

Introduction to differcntial analysis of fluid motion

Conscrvation of mass

Stream function for two-dimensional incompressible flow

Motion of a fluid element (kinematics), momentum equation

w b e
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Recommended Texts

1. Fox, R. W.& McDonald, A. T. (2004). Introduction to fluid mechanics (6" ed.). New York: John Wiley &
Sons.

2. White, F. M. (2006). Fluid mechanics (5" ed.). New York: Mc. Graw Hill.
Suggested Readings

1. Granger, R. A. (1985). Fluid mechanics (1* ed.). Montana; Winston Publisher.

Bruce, R., Rothmayer, A. P, Theodore, H. O.,& Wade, W. H. (2013). Fundamental of fluid mechanics (7*
cd.). New York: Willey Son Publisher.

3. Nakayama, Y. (2018). Introduction to fluid mechanics (2™ ¢d.). Oxford: Butterworh Heinemann Publisher.

[
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MATH-6123 Ftuid Mechanics-II 3(3+0)

This course is the second part of the core level course on fluid mechanics. Fluid mechanics is concerned with the
mechanics of fluids (liquids, gases, & plasmas) & the forces on them., This coursc covers properties of fluids, laws
of fluid mechanics & energy relationships for incompressible fluids Studies flow in closed conduits, including
pressure loss, flow measurement, pipe sizing & pump Selection, momentum equation for frictionless flow, Euler’s
equations, Bernoulli equation- Integration of Euler's cquation, laminar flow & Boundary layers,

Contents

Incompressible inviscid flow
Momentum equation for frictionless flow
Euler’s equations
Euler’s equations in streamline coordinates
Bernoulli equation- Integration of Euler’s equation along a streamline for steady flow
Relation between first law of thermodynamics & the Bernoulii equation
Unsteady Bemnoulli equation-Integration of Euler's cquation along a streamline
Irrotational flow, internal incompressible viscous flow
Fully developed laminar flow
10 Fully developed laminar flow between infinite parallel plates
1T Fully developed laminar flow in a pipe
2 Part-B Flow in pipes & ducts
13 Shear stress distribution in fully developed pipe flow
14 Turbulent velocity profiles in fully developed pipe flow
15 Encrgy consideration in pipe flow
16 External incompressible viscous flow
17 Boundary layers, the boundary concept, boundary thickness, laminar flat plate
18 Boundary layer: exact solution, momentum, integral equation,
19 Use of momentum integral equation for flow with zero pressure gradient
20 Pressure gradient in boundary-layer flow

oo oy b W —

Pre-requisite: Fluid Mechanies-1

Recommended Texts

1. Fox, R. W., & McDonald, A. T. (2004). Introduction to fluid mechanics (6" ed.). New York: John Wiley &
Sons.

2. White, F. M. (2006). Fluid mechanics (5" ed.). New York: Me. Graw Hill.

Suggested Readings

1. Bruce, R., Rothmayer, A. P,, Theodore, H. O., & Wade, W. H. (2013). Fundamental of fluid mechanics (7"
ed.). New York: Willey Son Publisher.

2. Nakayama, Y. (2018). Introduction to Juid mechanics (2™ ed.). Oxford: Butterworh Heinemann Publisher.
3. Granger, R, A. (1985). Fluid mechanics (1* ed.). Montana: Winston Publisher.
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MATH-6124 Operations Research-1 3(3-0)

This course is the 1st part of the course series on operation research. Operations research (OR) is an analytical
methed of problem-solving & decision-making that is useful in the management of organizations, Operations
Research studies analysis and planning of complex systems. In operations research, problems are broken down
into basic components & then solved in defined steps by mathematical analysis. The objective of Operations
Rescarch, as a mathematical discipline, is to cstablish theories & algorithms to model & solve mathematical
optimization problems that translate to real-life decision-making problems. The purpose of the course is to provide
students with the concepts and tools to help them understand the operations research and mathematical modeling
methods and to understand different application arcas of operations rescarch like transportation problem,

assignment model, sequencing models, dynamic programming, game theory, replacement models & inventory
models,

Contents

Lincar Programming
Formulation & graphical solution
Simplex method, M-technique
Two-phase technique

Special cases

Sensitivity analysis

The dual problem

Primal dual relationship

The dual simplex method

10 Sensitivity

11 Post optimal analysis

12 Transportation model

13 Northwest corner

14 Least cost

15 Vogel's approximation methods
16 The methed of multipliers

17 The assignment models

18 The transshipment model

19 Network minimization

20 Shortest route algorithms for variables

R R Y T

Recommended Texts

1. Hamdy, A. T. (2006). Operations rescarch an introduction (6" ed.). New York: Macmillan,
2. Gillet, B. E. (1979). Introduction 1o operations research (1* ed.). New York: McGraw Hill.

Suggested Readings

1. Harvy, C. M. (1979). Operations research: A practical introduction (1¥ ed.}. North Holland: CRC Press
2. Ravindran, A. R. (2008). Operations research applications (1st ed.). North Holland: CRC Press.

P
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MATH-6125 Operations Research-I1 3(3-H

Operations Research (OR) is an analytical method of problem-solving & decision-making that is useful in the
management of organizations. In operations research, problems are broken down into basic components & then
solved in defined steps by mathematical analysis. Disciplines that are similar to, or overlap with, operations
rescarch include statistical analysis, management  science, game  theory, optimization theory, artificial
intelligence & network analysis. All of these techniques have the goal of solving complex problems & improving
quantitative decisions. The objective of Operations Research, as a mathematical discipline, is to establish theories
& algorithms to model & solve mathematical optimization problems that translaic to real life decision making
problems. Students would be able to identify & develop complecated operational research modals from the verbal
description of the real system. The understanding of the mathematical tools that are needed to solve optimization
problems would be increased. They would be analyze the results & propose the theoretical language
understandable to decision making processes in Management Engincering.

Contents

Algorithm for cyclic network

Maximal flow problems

Matrix definition of LP- problems

Revised simplex methods

Bounded variables decompositions algorithm
Parametric linear programming

Application of integer programming

Cutting plane algorithm

Mixed fractional cut algorithm

Branch methods

1T Bound methods

12 Zero-one implicit enumeration

13 Element of dynamics programming

14 Problems of dimensionality

15 Solutions of linear program by dynamics programming

Lo RN~ R I~ CBL T T S FE I N I
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Pre-requisite: Operation Research-1
Recommended Texis

I, Hamdy, A. T. (2006). Operations research an introduction (6" ed.). New York: Macmillan.
2. Gillet, B. E. (1979). Introduction 10 operations research (1* ed.). New York: McGraw Hill.

Suggested Readings

1. Harvy, C. M. (1979). Operations research: A practical intraduction (1* ed.). North Holland: CRC Press
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MATH- 6126 Analytical Dynamies 3(3-0)

In classical mechanics, analytical dynamics, or more briefly dynamics, is concerned with the relationship between
mwotion of bodies & its causes, namely the forces acting on the bodies & the propertics of the bodies, particularly
mass & moment of inertia. Analytical dynamics develops Newtonian mechanics to the stage where powerful
mathematical techniques can be used to determine the behavior of many physical systems. The mathematical
framework also plays a role in the formulation of modern quantum & relativity theories.

Contents

Generalized coordinates

Constraints

Degree of freedom

D’ Alembert principle

Holonomic & non-Holonomic systems, Hamilton's principle
Derivation of Lagrange equation from Hamilton's principle
Derivation of Hamilton’s equation from a variational principle
Equations & Examples of Gauge transformations

Equations & examples of canonical transformations
Orthogonal Point transformations

11 The Principle of Least Action

12 Applications of Hamilton's equation to central force problems
I3 Applications to Harmonic oscillator

14 Hamiltonian formulism

15 Lagrange bracket & Poisson brackets with application

16 The Hamilton Jacobi theory, Hamilton Jacobi Theorem

17 The Hamilton Jacobi equation for Hamilton characteristic functions
18 Bilinear co-variant

O 00 =) v Lh oda Ll RS e
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Recommended Texts
1. Greenwoed, D. T. (1965). Classical dynamics. New Jersey: Prentice-Hall, Inc,
2, Aruldhas, G. (2016). Classical mechanics, New Dehli: PHI Private Limited.
3. Chorlton, F. (1983). Textbook of dynamics. Cambridge: E. Horwood.

Suggested Readings

1. Woodhouse, N. M. J. (2009). Introduction to analytical dynamics (2™ ed.). New York: Springer-Verlag.
2. Chester, W. (1979). Mechanics. London; New South Wales: George Allen & Unwin Ltd.
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MATH-6127 Special Relativity 3(3-0)

This course introduces the basic ideas and equations of Einstein's Special Theory of Relativity to understand the
physics of Lorentz contraction, time ditation, the "twin paradox”, and E=mc2 Calculus Vector transformations
Tensors for GTR to understand why we nced these two theorics. For that see the problems with Galilean
transformation & equivalence of inertial & gravitational mass. The most important thing to study SR is to accept
geometry as the concept behind it. The math is not difficult; it's the way of thinking you have to adopt. Draw space
time diagrams, something to transform to another frame of reference (Lorentz transforms are available). Keep in
mind that the view in the other reference frame is just a different view of the same sitvation that nothing really has
changed, cven if it looks different on Euclidean paper,

Contents

Historical background

Fundamental concepts of special theory of relativity
Galilean transformations,

Lorentz transformations (for motion along one axis)
Length contraction

Time dilation

Simultaneity

Velocity addition formulae.3-dimensional

Lorentz transformations

10 Introduction to 4-vector formalism

11" Lorentz transformations in the 4-vector formalism
12 Minkowski space-time & null cone

13 4-velocity & 4-momentum & 4-force

14 Application of special relativity to Doppler shift & Compton effect
15 Aberration of light

16 Particle scattering, Binding energy

17 Particle production & decay

OSBRI —

Recommended Texts

1. Qadir, A. (1989).4n introduction to the special relativity theory (1* ed.). Singapore: World Scientific.
2. Sardesai, P.L. (2008). A primer of special relativity (2ed.). Dethi: Offset.

Suggested Readings

I. Resnick, R. (1968). Introduction 1o special relativity. New York: Wiley.
2. D'Inverno, R. (1992). Introducing Einstein's relativity (1" ed.). Oxford: Oxford University Press.

/_,.r”
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MATH-6128 Heat Transfer 3(3+0)

Meat transfer is a discipline of thermal engineering that concerns the generation, use, conversion, & exchange
of thermal cnergy (heat) between physical systems. Heat transfer is classified into various mechanisms, such
as thermal conduction, thermal convection, thermal radiation, & transfer of energy by phase changes.
The objectives of heat transfer include the following: Insulation, wherein across a finite temperature difference
between the system & its surrounding, the engineer seeks to reduce the heat transfer as much as possible. The
learning outcomes of this course are: to explain the basics of heat transfer, to explain the importance of heat
transfer, to define the concept of boiling & condensation, 1o define the concept of heat exchangers, to explain heat
transfer by conduction, to explain the Fourier heat conduction law, to define thermal conductivity coefficient &
diffusion cocflicient, to explain heat transfer with convection, to explain Newton’s law, to explain frec transport
phenomenon, to explain the forced convection, to explain heat transfer by radiation.

Contents

Steady-State Conduction-One Dimension
Steady-State Conduction-Multiples Dimensions
Unsteady-State Conduction,

Principles of Convection

Empirical & practical Relations

Forced —Convection Heat Transfer

Natural Convection Systems

Radiation Heat Transfer

00~ h bn I ) e

Recommended Texis

1. Holman, 1. . (1996). Heat transfer (8% ed.). New York: McGraw Hill.
2. Kays, W. M., & Crawford, M. E. (1 993). Convective heat & mass transfer (3 ed.). New York: McGraw Hill.

Suggested Readings

1. Incropera, F. P, & Dewitt, D. P. (1985). Fundamentals of heat & mass transfer (2*%ed). New York: Wiley.
Cenegel, Y, & Ghajar, A. J. (2015). Heat & mass transfer: Fundamentals & applications (5" ed.). New York:
Me-Graw Hill.

3. Licnhar IV, J. H., & Lienhar V, J. H. (2019). 4 heat transfer textbook (5" ed.}. New York: Dover Publications.
4. Incropera, F. P. (2006). Fundamentals of heat & mass transfer (6 ed.). New York: John Wiley & Sons.,

t2

Page | 29



MATH-6129 Measure Theory 3(3-0)

The objectives of the course are to introduce the concepts of measure & integral with respect 10 a measure, to show
their basic propertics, to provide a basis for further studies in analysis, probability, & dynamical Systems, 1o
construct Lebesgue's measure & learn the theory of Lebesgue integrals on real line & in n-dimensional Euclidean
space. The goal of the course is to develop the understanding of basic concepts of measure and integration
theory.As measure theory is a part of the basic curriculum sinee it is crucial for understanding the theoretical basis
of probability and statistics, so it is intended to develop understanding of the theory based on examples of
application. Afier the course the students will know & understand the basic concepts of measure theory & the
theory of Lebsgue integration. The students will understand the main proof techniques in the field & will also be
able to apply the theory abstractly & concretely. The students will be able to write the elementary proofs himself.

as well as morc advanced proofs under guidance. The students will be ablc to use measure theory & integration in
Riemann integration & calculus,

Contents

Introduction to Lebesgue measure

Outer measure

Properties of outer measure

Further properties of outer measure
Measurable sets

Properties of measurable sets

Non measurable sets

Measurable functions

Properties of measurable functions

10 Convergence of sequences of measurable functions
11 Lebesuge integration, introduction

12 Lebesgue integrals of simple

13 Bounded functions

14 Lcbesgue integrals of non-negative functions
15 Lebesgue integration of general functions

16 General convergence theorems

17 convergence in measure

OO0~ O e B W LD —

Recommended Texts

l. Roydon,H.L., & Fitzpatrick, P, M. (201 7). Real analysis (4"ed.), New York: Collicr Macmillan Co.
2. Bama, G. D. (1981). Measure theory & integration (1% ed.}. Ellis: Harwood Ltd.

Suggested Readings

Rudin, W. (1987). Real &complex analysis, (3"ed.). New York: McGraw Hill Book Company.
Barile, R.G. (1995). The clements of integration & Lebesgue measure(1*ed.). Wiley-Interscience.
Halmos, P. R. (1975). Measure theory (1" ed.). New York: Springer.
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MATH-613¢ Theory of Splines-I 3(3-0)

This is the first part of the two-course series of Theory of Splines. This course is designed to teach students about
basics of scientific computing for solving problems which are gencrated by data using interpolation &

many applications of splines in such diverse arcas as approximation theory, computer-aided Beometric design.
curve and surface design and fitting, image processing, numerical solution of differential cquations, and

Comtents

Basic concepts of Euclidean geometry

Scalar & vector functions

Barycentric coordinates

Convex hull, Matrices of affine maps, Translation, rotation, scaling
Reflection & shear, Curve fitting, least squares line fitting

Least squares power fit

Data linearization method for exponential functions

Nonlinear least-squares method for exponential functions
Transformations for data linearization

linear least squares, Polynomial fitting,

Basic concepts of interpolation, Lagrange’s methog,

12 Rrror terms & error bounds of Lagrange’s method

13 Divided differences method,

14 Newton polynomials, error terms & error bounds of Newton polynomials
15 Central difference interpolation formulae

16 Gauss’s forward interpolation formula

17 Gauss’s backward interpolation formula, Hermite’s methods

EKDOO\JG\MAUJM-—-
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Recommended Texts

1. David, S. (2006). Crrves & surfaces for computer graphics. New York: Springer Science + Business Media
Inc.

2, John,H. M., & Kurtis, D. F, (1999). Numerical methods using MATLAB, New Jersey: Prentice Hall.

Suggested Readings

Rao, 8. 8. (1992). Optimization theory & applications (2" ed.). New York: Wiley Eastern Ltd.
SudaranR. K. (1 996). A first course in optimization theory (34 ed.). Cambridge: Cambrid ge University Press.
Chang E. K. P, & Zak, S. 1. 1. (2004). An introduction 10 optimization (3" ed.). New York: Wiley.

Lo.)(\)_--
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MATH-6131 Theory of Splines-I]

Hermite form, contro) point form, Bemstein Bezier form
Matrix forms of parametric curves

Algorithms o compute B.B. form, Convex huil Property
Affine invariance Property, Variation diminishing property
Rational quadratic form, Rational cubijc form

Tensor product surface, B.B. cubjc patch

Quadratic by cubic B.B. patch, B.B. quartic patch, Splines, Cubic splines
End conditions of cubjc splines, Clamped conditions
Natural conditions, sccond derivatjve conditions

Periodic conditions, Not a knot conditions

General splines, Natura] splines, Periodie splines

Truncated power function, Representation of spline in terms of truncated power functions
Odd degree imerpolating splines

——-\DOO\JO\LN-!}AMM'—
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Pre-requisite: Theory of Splines-I

Recommended Texts

1. Farin, G. (2002). Crrves & surfaces for computer aided geotnetric desigy
York: Academic Press,

Faux, 1. D, & Pratt, M. ], (1979), Computationat geometry for desi
Halsted Press.

2

Suggested Readings

l. Barlle, H R, & Beatly, C. J. (2006). 4» Introduction 1o spline
modeling (4" ed ), Massachusetis: Morgan Kaufmanp,

2. Boor, C. D. (2001), 4 practical guide to splipes (Revised ed.). New York: Springer Verlag,

Jor use in computer graphics & geometric

/
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MATH-6132 Methods of Optimization-I 3(3-0)

Optimization is a widely used technique in operational research that has been employed in a range of applications.
The aim is 1o maximize or minimize a function (c.g. maximizing profit or minimizing environmental impact)
subject to a set of constraints. At the start of the course, the course delivery, the prerequisites of the course will be
discussed. The objective of this course is to make students acquire a systematic understanding of optimization
techniques. The course will start with linear optimization (being the simplest of ail optimization techniques) and
will discuss in detail the problem formulation and the solution approaches. Then we will cover a class of nonlinear
optimization problems where the optimal solution is also globally optimal, i.c. convex nonlincar optimization and
its variants. On successful completion of the course the students will be able to model engincering maxima/minima
problems as optimization problems. The students wili be able to use computers to implement optimization
algorithms. The students will learn efficient computation procedures to solve optimization problems,

Contents

Introduction to optimization

Review of related mathematical concepls
Unconstrained optimization

Conditions for local minimizers

One dimensional search methods
Gradient methods

Newton’s method (analysis & modifications)
Conjugate direction methods

Quasi Newton method

10 Application to neural network

11" Single Neuron Training

12 Linear integer programming

13 Genetic algorithms

14" Real number genetic algorithm

GO~ & bW R -

pt=]

Recommended Texts

l. Chong, E.K.P, & Stanislaw, H. Z. (2012). 4n introduction to optimization (4" ed.). New York: Wiley Series
in Discrete Mathematics & Optimization.

2. Singiresy, S. R. (1992). Optimization theory & applications (2™ ed.). New York: Wiley Eastern Ltd.

Suggested Readings
. Sundaram, R. K. (1996). 4 first course in optimization theory, (3" ed.). Cambridge: Cambridge University

Press.

2. Bentsimas, D., Tsitsiklis, J. N., & Tsiitsiklis, J. (1997). Introduction to linear optimization (2" ed.). Belmont:
Athena Scientific

i

Page | 33



MATH-6133 Methods of Optimization-I1 3(3-0)

This is continuation of Methods of Optimization . Optimization is a widely used technique in operational research
that has been employed in a range of applications. The aim is to maximize or minimize a function (c.g. maximizing
profit or minimizing environmental impact) subject to a set of constraints. At the start of the course, the course
delivery, the prerequisites of the course will be discussed. Students will learn the foundations of lincar
programming, propertics of optimal solutions and various solution methods for optimizing problems involving a
linear objective function and linear constraints. Students will be exposed to geometric, algebraic and computational
aspects of lincar optimization and its extensions. On successful completion of the course the students will be able
to model enginecring maxima/minima problems as optimization problems. The students will be able to use

computers to implement optimization algorithms. The students will learn cfTicient computation procedures to solve
optimization problems.

Contents

Non-linear constrained optimization
Problems with equality constraints
Problem Formulation

Tangent spaces

Normal spaces

Lagrange condition

Sccond-order conditions

Problems with inequality constraints
Karush-Kuhn-Tucker Condition
Second-order conditions

Convex optimization problems
Convex functions

Algorithms for constrained optimization
Lagrangian algorithins

— e OO0~ O Lh W ) —
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Pre-requisite: Methads of Optimization-I
Recommended Texts

1. Chong, E. K. P& Stanislaw, H. Z. (2012).4n introduction to optimization (4% ed.). New York: Wiley Series
in Discretc Mathematics & Optimization.

2. Singiresy, S. R. (1992). Optimization theory & applications (2™ ed.). New York: Wilcy Eastern Ltd.

Suggested Readings

I Sundaram, R. K. (1996). 4 first course in optintization theory, (3™ ed.). Cambridge: Cambridge University
Press.

2. Berisimas, D., Tsitsiklis, J. N., & Tsiitsiklis, §. (1997). Introduction to lincar optimization (2™ ed.). Belmont:
Athena Scientific.

\‘i
—
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MATH-6134 Bio-Mathematics 3(3-0)

The objective of this coursc is to meet the current and future needs for the interaction between mathematics and
biological sciences. Mathematical modeling is being applied in every major discipline in the biomedical sciences.
Some very different applications, and surprisingly successful, is in psychology, modcling of various human
interactions, blood flow and functioning of different organs in human body.

Contents

An introduction to the usc of continucus and discrete differential equations in the biological sciences,
Biological topics will include single species and interacting population dynamics,

modcling infectious and dynamic discascs,

Regulation of cell function,

Molecular interactions, neural and biological oscillators, and an introduction to biological pattern formation
Mathematical tools such as phase portraits, bifurcation diagrams, perturbation theory,

Parameter estimation techniques that analyze and interpret biological models.

1)

~ Nt B W —

Recommended Books

I Murray, 1.D., Mathemnatical Biology, (Springer-Verlag, 2001).
2 Keener, J. and Sneyd, 1., Mathematical Physiology, (Springer, New York, 1998).

Suggested Books

1 Murray, J.D., Nonlinear Differential Equation Models in Biology, (Clarendon Press, Oxford, 1977).
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CSEC-6101 Programming Languages for Mathematicians 3(2-1)

Programming Languages plays an important role in Mathematics. More often, the act of programming involves
problem-solving in itself, where you then take your answers and apply them to build a program. However,
mathematicians sometimes requirc some programming languages for assistance, and some of the best
programming languages for math work wonders when you’re trying to hone your skills and train yourself in a
particular mathematical field. A number of computer software available to deal with mathematical computing &
simulation. This course provides a practical introduction to most widely used Mathematical computing software’s
namely, MATHEMATICA or MAPLE. Maple has a fairly strong advantage when it comes to combinaterial math
problems. It’s also known for its functional programming constructs, making it extremely interesting to play
around with. After this course students will be able to develop computer programs in this sofiware according to
their requirements in mathematical computing. It includes introduction to data-oriented Python packages, decision
trees, support vector machines (SVM), neural networks, and machine leaming

Contenis

Mathematica
Introduction to the basic environment of MATHMATICA & its syntax
Running MATHEMATICA
Numerical/Algebraic Calculations, vectors, Matrices, Sets, Lists, Tables, arrays
Symbolic Mathematics in MATHEMATICA
Functions & functional programming
Procedural programming, Do, for & while loops, Flow controls
Graphics, Plots of 2D & 3D functions, Packages within MATHEMATICA
Maple

Introductory Demonstration of Maple, symbolic computations in MAPLE
2. Vectors, Matrices, Sets, Lists, Tables, arrays & Arrays, Toolbars & Paletics
3. Operators, Constant, Elementary Functions, Procedures
4. Ifclauses, sclection & conditional execution
5
6

R = R U T S PN R

Looping, for & while loop, looping commands, recursion
Plots of 2D & 3D functions, Packages within MAPLE

Recommended Texts

1. Wellin, P, Kamin, S., & Gaylord R. (2011). An introduction (o progranuming with mathematica, (3% ed.).
Cambridge: Cambridge universily press.

2. Monagan, M. B, & Geddes, K. O. (2005). Maple introductory programming guide. Waterloo: Maplesoft, a
division of Waterloo Maple Inc.

Suggested Readings

I Aladjev, V. Z,, & Bogdivicus, M. A. (2006). Maple: Programming, physical & engineering Problems. London:
Fultus Publishing,

2. Maeder, R. E. (1997). Programming in mathematica (3 ed.). Boston: Addision-Weseley.
3. Hoste, 1. (2009). Mathematica demystified. New York: McGraw Hill.,

“
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PHYS-6130 Introduction te Mechanics 3(2-1

Mechanics is all about motion of a body. It deals with forces, motion and further to the laws of motion in inertial
frames specifically. This course provides the students a broad understanding of the physical principles of the
mechanics, to describe mechanical events that involve forces acting on macroscopic objects. The main objective
of this course is to create quantitative skills in the students and to motivate them to think creatively and critically
about scientific problems and experiments. Students are encouraged to share their thinking with teacher and the
other students to examine different problem-solving strategies,

Contents

I.- Motion in Two and Three Dimensions: Projectile Motion, Uniform Circular motion

2. Force and Motion: Newton’s Laws, Some Particular Forces, Drag Force, Frictional Force, Terminal Speed
3

Kinetic Energy and work: Work done by Gravitational force, Work done by Spring Force, Work done by
General variable force, Power

4. Potential Energy and Conservation of energy: Reading a potential energy curve, Work done on a systein by an
external force,

5. Center of Mass and Lincar Momentum: center of mass, Newton’s second law for a system of particles, linear
momentum, two particle and many-particle systems, center of mass of solid objects, momentum changes in a
system of variable mass. Collisions in the center-of-mass reference frame.

Experiments

To determine the value of ‘g’ by a compound pendulum

To determine the surface tension of water by capillary tube method
Determination of moment of inertia of a solid/holiow cylinder and a sphere elc.
To study the conservation of energy (Hook's Law)

To study the laws of vibration of stretched string-using sonometer

bW

Recommended Texts:

1. Halliday, D., Resnick, R. & Walker, J. (2014). Fundamentals of physics (10th Ed.). New York: Wiley.
2. Halliday, D., Resnick, R. & Krane, K. S. (2003). Physics (5th Ed.). New York: Wiley.

Suggested Readings:

l. Young, H. D, Freedman, R. A. & Ford, A. L. (2019). University phvsics (15th Ed.). New York:
Pearson.

2. Serway, R. A, & Jewelt, J. W. (2014). Physics Jor scientists and engineers (9th Ed.). New York: Brooks/Colc.

e
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AIDC-4102 Machine Learning 3{2-1)

Machine learning is one of the fastest growing areas of computer science, with far-reaching applications. The
aim of this course is to:

a) Present the basic machine learning concepts.

b) Present a range of machine learning algorithms along with their strengths and weaknesses.
Apply machine learning algorithms to solve problems of moderate complexity.

Contents

Introduction 1o machine learning

concept learning: General-to-specific ordering of hypotheses
Version spaces Algorithm, Candidate elimination algorithm
Supervised Learning: decision trees, Naive Bayes

Artificial Neural Networks, Support Vector Machines

Overfitting, noisy data, and pruning, Measuring Classifier Accuracy
Linear and Logistic regression

Unsupervised Learning: Hierarchical Aglomerative Clustering
k-means partitional clustering; Self-Organizing Maps (SOM);

1. k-Nearest-ncighbor algorithm

11. Semi- supervised leaming with EM using labeled and unlabled data
12. Reinforcement Leaming: Hidden Markov models

13. Monte Carlo inference Exploration vs. Exploitation Trade-off

14. Markov Decision Processes

15. Ensemble Learning: Using committees of muitiple hypotheses

16. Bagging, boosling

N U S

Recommended Texts:

1. Kelleher, J. D. (2019). Machine learning: The basics. MIT Press,
2. Alpaydin, E. (2021). Introduction to machine learning (4th ed.). MIT Press.

Suggested Readings:

1. Mitchell, T. M. (1997). Machine learning. McGraw-Hill.
2. Murphy, K. P. (2012). Machine learning: A probabilistic perspective, MIT Press.
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EDUC-6129% Scientific Writing & Research Method 3(3-0)

This course use 1o introduce BS students to the basic concepts, principles and practices of scientific writing and
research method in the social sciences. The course is designed to equip students with the skills necessary to
communicate scientific information clearly and effectively. It also equips with the knowledge and skills necessary
to design, conduct, analyse, and report empirical research. The course covers quantitative methodologies, rescarch
design, sampling techniques, data collection methods, and ethical considerations.

Contents

Umit 1: Foundations of Scientific Writing

1. Introduction to Scientific Writing

2. Structure of Scientific Papers (IMRaD Format)

3. Types of Scientific Documents (articles, reviews, theses, etc.)

Unit 2: The Nature of Educational Research

4. Definitions of Research, scope and importance
5. Research problem and topic
6. Characteristics of research problem

Unit 3: Variables and Hypotheses/Research Questions

7. Variable and Types of Variables
8. Hypotheses and Research Questions
9. Types of hypotheses and Testing the Hypothesis

Unit 4: Research Methodology

9. Research Domains: Qualitative, Quantitative, and Mix-method

10. Types of Research Designs: Descriptive, Correlation, Experimental
11. Population and Sampling Techniques

12. Development and Validation of Research Tool

13. Data Analysis: Descriptive and Inferential

Unit 5: Rescarch Proposal and Report Writing
14. Writing formats

15. Proper Referencing and Citation Styles (APA, MLA, Chicago, etc.)
16. Ethics in Scientific Writing (Plagiarism, Authorship, Data Fabrication)
Recomimended Text
L. Garg, R. (2024). Research Methodology and Scientific Writing (2nd ed.). Springer,
htips://doi.org/10.1007/978-3-030-64865-7
Suggested Readings

1. John, W. C. (2018). Educational Research: Planning, Conducting, and Evaluating Quantitative and
Qualitative Research, (6th Ed.), New York: Pearson Education. Retrieved from
hitp:/iwww.sx f.wevora.pt/wp-content/uploads/201 3/03/Creswell_2012.pdf

A
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PHYS-6131 Introduction to Classical Mechanics 3(3-0)

The fundamemntal goal of this course is to create understanding in students to classical mechanics and its
applications. The focus in this course will be given to develop knowledge of the physical concepts and
mathematical methods of classical mechanics to improve skills in formulating and solving physics problems.
Students will leamn the use of Newton’s laws of motion, conservation theorems to solve advanced problems
involving the dynamic motion of classical mechanical systems.

Contents

Newtonian Mechanics-Single Particle: Newton’s Laws

Frame of Reference, The Equation of motion for a particle
Conservation theorems, Energy

Limitations of Newtonian Mechanics

Oscillations: Simple Harmonic Oscillator

Harmonic Oscillations in Two dimensions

Damped Oscillations, Sinusoidat Driving Force

Physical Systems.

. Gravitation: Gravitation Potential, Lines of Force and Equipotential Surfaces
10. Ocean Tides

11. Central Force Motion: Conservation Theorems, Equations of Motion
12. Orbits in a central Field, Centrifugal Energy and Effective Potential
13. Planetary Motion-Kepler’s Problem, Orbital Dynamics

14. Dynamics of System of Particles: Center of mass

15. Linear momentum of systetn

16. Angular momentum of system

00N D

Recammended Texts:

I. Thornton, 8. T. & Marion, J. B. (2012). Classical dynamics of particles and systems (5th ed.). New York:
Thomson Brooks/Cole

2. Tar L. Chow. (2010). Classical mechanics (2™ ed). Taylor and Francis. California USA

3. Goldstein, H., Charles, P. P. & Safko J. L. (2001). Classical mechanics (3rd ed). Massachusetts: Addison
Wesley Reading.

Suggested Readings:

1. Taylor, 1. R. (2005). Classical mechanies. California: University Science Books.

/
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NMATH-5101 Calculus-1 3(3-0

Calculus is the mathematical siudy of continuous change. If quantities are continually changing, we need
caleulus to study what is going on. Calculus is concerned with comparing quantities which vary in a non-linear
way. It is nsed extensively in scicnce & engineering, since many of the things we arc studying (like velocity,
acceleration, current in a circuit) do net behave in a simple, lincar fashion. Calculus has two major
branches, differential calculus (Calculus-1) & integral calculus (Calculus-11); the forimer concerns instantaneous
rates of chunge, & the slopes of curves, while integral calculus concerns accumulation of quantities, & arcas
under or between curves, This is the first course of the sequence, Calculus-1, 11 & il serving as the foundation
of advanced subjects in all arcas of mathematics. The sequence, equally, cmphasizes basic concepts & skills
needed for mathematical maniputation. It focuses on the study of functions of a single variabte. Calculus-1 is an
introduction to differential & integral caleulus: the study of change.

Contents

I Functions: Functions & their graphs, combining functions, Shifting and Scating Graphs, Trigonometric
functions, Exponential function, Inverse function and logarithmic, Rates of change & langehts to curves.

Limit and Continuity: Limit of a function & limit laws, the precise definition of a limit One-sided limits,

continuity, Limits involving infinity; asymptotes of graphs

3 Derivatives: tangents Lines & derivative at a point, the derivative as a function Differentiation rules, the
derivative as a ratc of change, Derivatives of trigonometric functions, Chain rule, implicit differentiation,
Derivative of inverse functions and logarithms, inverse trigonometric functions, Related rates, linearization
& differentials, higher derivatives

4 Applications of derivatives: extreme values of functions, Rolls’ theorem, the mean value theorem,
Monotonic functions & the first derivative test, Convexity, point of inflection & second derivative lest,
Concavity & curve sketching, Indeterminate forms & L'Hépital's rule, Applied optimization,
Antiderivatives,

5 Integrals: area & estimating with finite sums, sigma notation & limits of finite sums, definite integral, the

fundamental theorem of calculus, Indefinite integrals & the definite integral and the substitution and area
between curves

J

Recontmended Texts

I. Thomas, G.B., Weir, M. D., & Hass 1. R. (2014). Thomas' calculus: single variable (13" ed./Latest).
London: Pearson.

2. Stewart, J. (2015).Calculus (8" ed. /Latest). Boston: Cengage Learning,

Suggested Readings

Anton, H., Bivens I. C., & Davis, S. (2016). Calculus (11" ed. /Latest). New York: Wiley.

Goldstein, L. J., Lay, D. C., Schneider, D. I.,& Asmar, N. H. (2017).Calculus & its applications(14" ed.).
London: Pearson.

3. Larson, R., & Edwards, B. H. (2013). Calculis (10" ed. /Latest). New York: Brooks Cole.

| 1% I
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MATH-5102 Calenlus-11 3(3-0)

This is the second course of the basic sequence Calculus serving as the foundation of advanced subjects in all
arcas of mathematics. The sequence, equally, emphasizes basic concepts & skills needed for mathematical
manipulation. As continuation of Calculus-1, it focuses on the study of functions of a single variable. This Core
Curriculum course is designed to meet the following four learning goals: Students will construct and evaluaie
logical arguments. Students will apply and adapt a variety of appropriate strategies to solve mathematical
problems. Students will recognize and apply mathematics in contexts outside of mathematics. Students will
organize and consolidate mathematical thinking through written and oral communication. Students will
integrate transcendental functions, including logarithms, exponential, trigonometry and inverse trigonometric,
hyperbolic and inverse hyperbolic functions, apply methods of integration, such as algebraic substitution,
trigonometric substitution, partial fractions, integration by parts, and use a table of integrals, solve limit
problems involving indeterminate forms with La'Hopital's Rule and convert parametric representation of curves

to rectangular coordinates, represent a curve using polar coordinates, and integrate functions expressed in polar
coordinates,

Contents

I Applications of definite integrals: volumes using cross-sections, Volumes using cylindrical shells, arc

length, Areas of surfaces of revolution

Transcendental functions: Inverse functions & their derivatives, Natural logarithms, exponential functions,

Inverse trigonometric functions, hyperbotic functions, related rates of Growth.

3 Techniques of integration:
Using Basic Integration Formulas, Integration by Parts, Trigonometric Integrals, Trigonometric
Substitutions, Integration of Rational Functions by Partial Fractions,Integral Tables & Computer Algebra
Systems, Numerical Integration, Improper Integrals

4 Infinite Sequences and Series:
Sequences, Infinite Series, The Integral Test, Comparison Tests, Absolute Convergence, The Ratio & Root
Tests, Alternating Series & Conditional Convergence, Power Series, Taylor & Maclaurin Series,
Convergence of Taylor Series, The Binomial Series & Applications of Taylor Series

5 Paramctric equations and Potar Coordinates:
Parametrizations of Plane Curves, Calculus with Parametric Curves, Polar Coordinates, Graphing Polar
Coordinate Equations, Areas & Lengths in Polar Coordinates, Conic Sections, Conics in Polar Coordinates.

(B ]

Pre-requisite: Calculus-I
Recommended Texis

I Thomas, G. B, Weir, M. D., & Hass, I. R, (2014). Thomas’ calculus: single variable (13% ed. /Latest).
London: Pearson.

2 Stewart, J. (2012). Calculus, (8% ed. /Latest). New York: Cengage Learning.

Suggested Readings

I Anton, H., Bivens, I. C., & Davis, S. (2016). Calculus, (11" ed. /Latest). New York: Wiley,
Goldstein, L. J., Lay, D. C., Schneider, D. 1., & Asmar, N, H. (2017). Calculus &its applications (14" ed.).
London: Pearson,

3 Larson, R, & Edwards, B. H. (2013). Calculus (10™ ed. /Latest). New York: Brooks Cole.

]
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MATH-5103 Discrete Mathematics 3(3+0)

This is an introductory course in discrete mathematics. Discrete Mathematics is study of distinct, un-related
topics of mathematics; it embraces topics from early stuges of mathematical development & recent additions to
the discipline as well. Itis the study of mathematical structures that are fundamentally discrete rather
than continuous. In contrast to real numbers that have the property of varying "smoothly", the objects studied
in discrete mathematics, such as integers, graphs, & statements in logic. The goal of this course is to introduce
students to ideas and techniques from discrete mathematics that are widely used in science and engineering.
This course teaches the students techniques in how to think logically and mathematically and apply these
techniques in solving problems. To achieve this goal, students will learn logic and proof, sets, functions, as well
as algorithms and mathematicat reasoning. Key topics involving relations, graphs, trees, and formal languages
and computability are covered in this course. The present course restricts only to counting methods, rclations &

graphs. The objective of the course is (o inculcate in the students the skills that are necessary for decision making
in non-continuous situations.

Contents

I Counting methods: Basic methods: product

2 Inclusion-exclusion formulae

3 Mathematical Induction

4 Permutations & combinations

5 Recurrence relations & their solutions

6 Generating functions

7 Double counting & its applications

8 Pigeonhole principle & its applications

9 Relations: Binary relations, n-ary Relations, closures of relations
10 Composition of relations, inverse relation

11" Graphs: Graph terminology

12 Representation of graphs

13 Graphs isomorphism

14 Algebraic methods: the incidence matrix, connectivity

15 Eulerian & Hamiltonian paths, shortest path problem

16 Trees & spanning trees, Complete graphs & bivalent graphs

Recommended Texts

1. Rosen, K.H. (2012). Discrete mathematics & its applications, New York: The McGraw-Hill Companies,
Inc.

2. Chartr, G., & Zhang, P. (2012). A first conrse in graph theory. New York: Dover Publications, Inc.

Suggested Readings

1. Tucker, A. (2002). Applied combinatorics. New York: John Wiley & Sons.
2. Diestel, R. (2010). Graph theory (4" ¢d.). New York: Springer- Verlag

i

Brigs, N. L. (2003). Discrete mathematics. Oxford: Oxford University Press.

Page | 10



MATH-5104 Calculus-THI 3(3-0)

This is the third course of the basic sequence Caleulus-1, 1T & 111, serving as the foundation of advanced subjects
in all areas of mathematics. It focuses on the study of functions of a multivariable. The main focus of the course
is to the study of multiple integrals in different coordinate systems & their applications. Moreover, a bricf
introduction to vector calculus will also be presented.

Contents

I Vectors and the gcometry of space:

Threce-dimensional Coordinate System, Vectors, The dot product, The cross product, Lines & planes in

space, Cylinder & Quadric surfaces,

Vector valued functions and Motion in space:

Curves in space and their tangents, Derivatives & integrals of vector functions, Arc length & Curvature,

Motion in space, Velocity & Acceleration, Tangential & Normal Components of Acceleration, Velocity &

Acceleration in Polar Coordinates

3 Functions of several variables: limits, Continuity & partial derivatives, The Chain rule, directional
derivatives & the gradient vector, Maximum & minimum values, optimization problems, Lagrange
Multipliers

4 Multiple integrals: Double integrals over rectangles & iterated integrals, Double integrals over general
regions, Double integrals in polar coordinates, Triple integrals in rectangular, cylindrical & spherical
coordinates, Applications of double & triple integrals, Change of variables in multiple integrals

5 Vector caleulus: Vector fields, line integrals, The fundamental theorem of Line Inleprals
Green's theorem, Curl & divergence, Surface integrals over scalar & vector ficlds
Divergence theorem, Stokes' theorem

[ RS]

Pre-requisite: Calculus-11
Recommended Texis

l. Thomas, G. B., Weir, M.D., & Hass J.R. (2014). Thomas' Caleulus: multivariable (13" ed. /Latest). London:
Pearson.

2. Stewart, J. (2015). Calculus (8" ed. /Latest). New York: Cengage Learning.

Suggested Readings

I. Anton, H,, Bivens, 1. C., & Davis, S. (2016). Calculus (11" ed. /Latest). New York: Wiley.

2. Goldstein, L. )., Lay, D. C., Schneider, D. 1., & Asmar, N. H. (2017). Calculus & its applications (14" ed,
Latest). London: Pearson.

3. Larson, R., & Edwards, B. H. (2013). Calculus (10" ed. {Latest). New York: Brooks Cole.
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MATH-5105 Abstract Algebra 3(3-0)

This course is an introduction to group theory, one of the three main branches of pure mathematics. Group
theory is the study of groups. Group theory is one of the great simplifying and unifying ideas in modern
mathematics. It was introduced in order to understand the solutions to polynomial equations, but only in the last
onc hundred years has its full significance, as a mathematical formulation of symmetry, been understood. It
plays a role in our understanding of fundamental particles, the structure of crystal lattices and the geometry of
molecules. In this course, we will begin by defining the axioms satisfied by groups and begin to develop basic
group theory by reference to some elementary examples, We will analyze the structure of 'small’ finite groups,
and cxamine examples arising as groups of permutations of a set, symmetries of regular polygons and regular
solids, and proups of matrices. We will develop the notions of homomorphism, normal subgroups and quotient
groups and study the First Isomorphism Theorem and its application.

Contents

I Groups, definition & examples of groups, elementary properties of groups

2 Finite & Infinitc Groups, Order of element of a group & related results

3 Subgroups, exampies of subgroup, subgroup tests, subgroup generated by set
4 Cyclic groups, propertics of cyclic groups

5 Classification of subgroups of cyelic groups

6 Coscts decomposition of a group, properties of cosets

7 Conjugate elements & conjugacy classes, Lagrange’s theorem & its consequences
8 Centralizer of a subset of a group, normalizer of a subset of a group

9  Center of group definition & examples

10 Normal Subgroups, factor groups, application of factor groups

H1 Permutations & Permutation groups, definition & examples

12 Homomorphism of groups, properties of Homomorphisms

13 Fundamental theorem of homomorphism

14 Isomorphism theorems, properties of Isomorphisms & Cayley’s theorem

15 Endomorphism & automorphisms of groups, Commutator subgroups

16 Extemal & Internal direct products, definition & examples

17 Rings: Definition, examples

18 Examples of non-commutative rings, Polynomial rings

19 Mainix rings. Units, zero-divisors

20 Nilpotent, idempotents. Subrings, Ideals, Maximal & prime Ideals.

Recommended Texts
1. Gallian, J.A. (2017). Contemporary abstract algebra (9 ed.). New York: Brooks/Cole.

2. Malik, D. S.,, Mordeson, J. N. & Sen, M.K. (1997). Fundamentals of abstract algebra. New York:
WCB/McGraw-Hill.

Suggested Readings

1. Roman, 8. (2012). Fundamentals of group theory (1* ed.). Basel: Birkhiuser.

2. Rose, H. E. (2006). 4 course on finite groups (1* ed.). London: Springer-Verlag,
3

Fraleigh, J.B. (2003). A first course in abstract algebra (7" ed.). Boston: Addison-Wesley Publishing
Company.
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MATH-5106 ' Vector & Tensor Analysis 3(3-0)

This course is designed primarily for those students taking courses in mathematics, Vector and tensor algebra
have in recent years become basic part of fundamental mathematical background required of those in
engineering, sciences and allied disciplines. It is said that vector and tensor analysis is a natural aid in forming
mental pictures of physical and geometrical ideas. A most rewarding language and mode of thought for the
physical sciences. The focus, therefore, is to impart useful skills on the students in order to enhance their
Mathematical ability in applying vector technique (o solve problems in applicd scicnces and to equip them with
necessary skill required to cope with higher levels courses in related subjects. Topics to be covered in this course
include, basic vector 2 algebra, coordinate bases, gradient, divergence, and curl, Green's, Gauss’ and Stokes’
theorems. The metric tensor, Christoffel symbols and Riemann curvature tensor, Applications will be drawn
from differential geometry, continuum mechanics, electromagnetism, general relativity theory.

Comtents

I Vector Analysis: Scalar triple product with applications
2 Vector triple product with applications
3 Gradient of a scalar function

4 Divergence of vector functions

5 Curl of vector functions

6  Application of the del operator

7 Curvilinear coordinates

8 Coordinates surfaces

& Cartesian Tensors: Summation convention

10 Transformation equations

11 Orthogonally conditions

12 Kronecker delta & Levi-civita symbol

13 Tensors of different ranks

14 Symmetric & anti symmetric tensors

15 Related theorems

16 Application to Vector Analysis

Recommended Texts
. Shah, N.A. (2015). Vecror & tenser analysis. Lahore: [lmi Ketab Khana.

. Spiegel, M.R. (2016). Vector & Introduction to tensor analysis. New York: McGraw Hill.
- Yousuf, 8.M. (1988). Elementary Vector analysis. Lahore: llmi Ketab Khana.

W D

Suggested Readings

I. Young, E.C.(1993). Vecior & tensor analysis. New York: Marcel Dekker, Inc.
2. Brand, L. (2006). Vector analysis, New York: Dover Publications.
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MATH-5107 Linear Algebra 3(3-0)

Linear algebra is the study of linear systems of equations, vector spaces, and linear transformations. Solving
systems of linear equations is a basic 1ol of many mathematical procedures used for solving problems in science
and engineering, Linear Algebra plays a significant role in many arcas of mathematics, statistics, engineering,
the natural sciences, and the computer sciences. It provides a foundation of important mathematical ideas that
will help students be successful in future coursework. The main objective of this course is to help students to
learn in rigorous manner, the tools & methods essential for studying the solution spaces of problems in
mathematics and in other ficlds& develop mathematical skills needed to apply these to the problems arising
within their ficld of study and to various real-world problems. The student will become competent in solving
linear equations, performing matrix algebra, calculating determinants, finding eigenvalues & cigenvectors and
the student will come 10 understand a matrix as a linear transformation relative 10 a basis of a vector spuce.

Contentys

Representation of linear equations in matrix form

Sotution of linear system, Gauss-Jordan & Gaussian elimination method
Vector space, definition, examples & properties

Subspaccs, Lincar combination & spanning set

Linearly Dependent & Linearly Independent sets

Bases & dimension of a vector space

Intersections, sums & direct sums of subspaces, Quotient Spaces, Change of basis
Linear transformation, Rank & Nullity of linear transformation

Matrix of linear transformations

10 Eigen values & cigen vectors, Dual spaces

11 Inner product Spaces with properties, Projection

12 Cauchy inequality

13 Orthogonal & orthonormal basis

14 Gram Schmidt process & diagonalization

W oo <) O n b ) D e

Recommended Texts

1. Dar, K.H. (2007). Linear algebra (1* ed.). Karachi: The Carwan Book House.
2. Kolman, B.,& Hill, D. R, (2005). Intraductory linear algebra (8" ed.). London: Pearson/Prentice Hall.

Suggested Readings

I. Cherney, D., Denton, T., Thomas, R., & Waldron, A. (2013). Linear algebra (1# ed.). California: Davis.

2. Anton, H,, & Rorres, C.(2014). Elementary linear algebra: applications version (11" ed.). New York: John
Wiley & Sons.

3. Grossman, S. 1. (2004). Elementary lincar algebra (5 ed.). New York: Cengage Learning.
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MATH-5108 Fundamental of Mechanics 3(3-0)

This course shall assume background in calculus. This course introduces the fundamental principles in
mechanics. Structural design applications of a variety of problems are developed throughout the course using
examples that clucidate the theory of mechanics, It emphasizes on the laws of friction, cquilibrium, center of
gravity & harmonic & orbital motion. The objectives of the course are to develop betier understanding of key
concepts concerning scalar and vector fields learned previously in Multivariable Calculus courses, 1o gain
decper knowledge of multivariate differentiation operations such as Gradient, Divergent and Curl, master the
Integral Theorems at the corc of Vector Analysis: the Stokes (Greens’) Theorem and the Divergence (Gauss’)
Theoremand to learn the utility of Vector Analysis by learning its relevance to Maxwell’s cquations describing
the dynamics of electric and magnetic fields. In this course, students are prepared for further study in the relevant
technological disciplines and more advanced mathematics courses,

Contenty

Mechanics: Composition & resolution of co-planar forces, Moments
Couples & conditions of equilibrium under the action of co-planar forces
Frictional forces, Laws of friction

Equilibrium of bodies on rough surfaces

Principle of virtual work & related problems

Center of gravity, Center of mass of various bodies

Kinematics of a particle in Cartesian & polar co-ordinates

Linear & angular velocity

9 Rectilinear motion with uniform & variable acceleration

10 Simple harmonic motion

1] Projeclile motion
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Recommended Texts

. Munawar, H., Saecd, S.M., & Ahmed, C.B. (2016). Elementary vector analysis, Lahore: The Caravan Book
House.

2. Ghori, Q.K. (2015). Mechanics. West Pakistan Publishing Company, Lahore:

Suggested Readings

1. Spiegel, M. R., Lipschutz, S., & Spellman, D. (2009). Schaum's ontline vector analysis (2" ed.). New
York: McGraw-Hill Education.

Brand, L. (2006). Vecror analysis. New York: Dover Publications,
3. Yousuf, S.M. (1988). Fector analysis. Lahore: Ilmi Ketab Khana,

w2
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MATH-5109 Number Theory 3(3-0)

Number theory (or arithmetic or higher arithmetic in older usage) is a branch of pure mathematics devoted
primarily to the study of the integers & integer-valued functions. Integers can be considered either in themsclves
or as solutions to cquations (Diophantine geometry). There arc two subficids of number theory. One is Analytical
Number Theory and other is Algebraic number theory. The focus of the course is on study of the fundamental
properties of integers & develops ability to prove basic theorems. The specific objectives include study of
division algorithm, prime numbers & their distributions, Diophantine equations & the theory of congruences.
Students will learn about the arithmetic of algebraic number ficlds. They will learn to prove theorems about
integral bases, & about unique factorization into ideals. They will leam to calculate class numbers, & to use the
theory 10 solve simple Diophantine equations.

Contents

1 Divisibility

2 Euclid’s theorem

3 Linear Diophantine Equation

4 Greatest common divisor and least common multiple
5 Congruences, Elementary properties

6 Residuc classes & Euler’s function

7 Linear congruence & congruence of higher degree
8 The thecorems of Fermat

9 Euler & Wilson theorem

10 Cryptology, character Ciphers

11 Primitive roots & indices

12 Integers belonging to a given exponent

13 Quadratic Residues

14 Legendre symbol

15 Law of quadratic reciprocity, The Jacobi symbol
16 Number-Theoretic Functions

17 Mobius function

Recommended Texts

1. Rosen, K.H. (2000). Elementary number theory & its applications. (4" ed.). Boston: Addison-Wesley.
2. Apostal, .M. (2010). Introduction to analytic number theory (3" ed.). New York: Springer.

Suggested Readings

1. Leveque, W.1. (2002). Topics in number theory, Volumes I & I1. New York: Dover Books.
2. Burton, D.M. (2007). Elementary number theory. New York: McGraw-Hill.
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MATH-5110 Ordinary Differential Equations 3(3-0)

This course introduces the theory, solution, & application of ordinary differential equations. Topics discussed
in the course include methods of solving first-order differential equations, existence & uniqueness thcorems,
second-order lincar cquations, power scries solutions, higher-order lincar cquations, systems of cquations, non-
linear equations, Sturm-Liouville theory, & applications. The rclationship between differential equations &
linear algebra is emphasized in this course. An introduction to numerical solutions is also provided. Applications
of differential equations in physics, engincering, biology, & cconomics are presented. The goal of this course is
to provide the student with an understanding of the solutions & applications of ordinary differential equations.

The course serves as an introduction to both nonlinear differential cquations & provides a prerequisite for further
study in those areas.

Contenty

Introduction to differential equations: Preliminaries & classification of differential equations
Verification of solution, existence of unique solutions, introduction to initial value problems
Basic concepts, formation & solution of first order ordinary differential cquations

Separable cquations, linear equations, integrating factors, Exact Equations

Solution of nonlinear first order differential equations by substitution, Homogeneous Equations
Bernoulli equation, Ricaati’s equation & Clairaut equation

Modeling with first-order ODEs: Linear models, Nonlinear models

Initial value & boundary value probiems

Homogeneous & non-homogeneous linear higher order ODEs & their solutions, Wronskian,
10 Reduction of order, homogeneous equations with constant coefficients,

Il Nonhomogencous equations, undetermined coefficients methed, Superposition principle

2 Annihilator approach, variation of parameters, Cauchy-Euler equation,

I3 Solving system of linear differential equations by elimination

14 Solution of nonlinear differential equations

£
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Recommended Texts

1 Boyce, W.E., & Diprima, R, C. (2012). Elementary differential equations & boundary value problems (10"
ed.) USA: John Wiley & Sons.

2 Zill,D.G., & Michacl, R. (2009) Differential equations with boundary-value problems (5" ed.} New York:
Brooks/Cole.

Suggested Readings

Amold, V. 1. (1991). Ordinary differential equations (3 ed.). New York: Springer.
Apostol, T. (1969). Multi variable calculus &linear algebra (2™ ed.). New York: John Wiley & sons.
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