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VISION

To be among the best Mathematics Departments in the country and to establish an

international reputation as a centre for research and teaching in Mathematics.

e To attract motivated and talented students to the undergraduate, master’'s and
doctoral programmes of the Department.

e To provide a stimulating teaching and research environment for the
undergraduate, post graduate students and research scholars of the Department.

e To provide the best possible facilities for our students, particularly in the areas of

computer facilities, library facilities and administrative support.
About the Dept. of Mathematics, CUK:

The Department of Mathematics was established in 2012 as a constituent of the School
of Physical Sciences. Mathematics is important for all the departments of CUK. The
Department of Mathematics shares the vision of our University in striving for excellence
in teaching and research. Currently the Department not only teaches various topics in
Mathematics to undergraduate and postgraduate students of different engineering and
science departments, but also runs its own UG, PG & PhD courses in Mathematics.
The curriculum of UG and PG courses are designed in a unique way to nurture future
industry professionals and scientists. The frontier areas of research of the department
include Fluid Mechanics, Number Theory, Computational Fluid Dynamics, Numerical
Analysis, Theory of Modular Forms, Theory of Hydrodynamic Stability, Functional
Analysis, Fixed Point Theory and Mathematical Theory of Control. The laboratories in
the Department and the computer centre are equipped with modern facilities to provide
a good work environment. The students are trained in several computer programming

languages like C, C++, and FORTRAN. They also gain exposure in handling problems



through mathematical software’s like MATLAB, Mathematica, Python, Scilab, Maple, R

etc.

The academic programmes of the Department are designed to attract motivated and
talented students to the master’'s and doctoral programmes of the Department. The
faculty strives to provide a stimulating learning environment for the undergraduate, post
graduate and doctoral students of the Department. To meet these objectives, the
Department is setting up excellent computer facilities, library facilities and also provides
good administrative support.

Programmes Offered:

B.Tech. in Mathematics and Computing 8 semesters
M.Sc. Mathematics 4 semesters
PhD. Mathematics Minimum 3 years (6 Semesters)

About the Programmes:

B.Tech. in Mathematics and Computing

The B.Tech. Mathematics and Computing undergraduate program will start in the
forthcoming academic year 2023-24. This programme covers the basic courses in
sciences and engineering along with programming, multidisciplinary courses, skill
enhancement and value added courses, core foundational courses from pure
mathematics, applied mathematics, statistics, and computing laboratory courses on
machine learning, artificial intelligence, data analytics using computational software. It

also covers advanced mathematics and computational mathematics electives along with



minor and major research projects. After successful completion of this Mathematics and
computing program, students will be able to pursue their dream of being industry
professionals and also provide an opportunity for higher education in mathematics,
computer science, artificial intelligence, etc. in most of the premier institutions/universities

across the globe.

M.Sc. Mathematics

The Department of Mathematics offers a 4 semester (2 year) Master's degree
programme to prepare students for a career in teaching and research. The entire
curriculum is designed to prepare a student to enter a research career in multi-
disciplinary areas of science and technology in Research Organizations and Industry.
The students could also take up a teaching career especially after acquiring a PhD.
degree. Further, this program helps the students to orient themselves towards a career
in the industry. The main objective of the M.Sc. Mathematics program is to provide
students with a strong theoretical background in mathematics for pursuing research in

both pure and applied mathematics.

PhD Mathematics

The Department of Mathematics offers a PhD programme to train the scholars for their
career in research and teaching. Also, the faculty of Department are expertise in the

following thrust areas of research.

Thrust Areas of Research

Finite Difference Methods; Computational Fluid Dynamics; Semi-analytical Techniques;
Fluid Dynamics; Convective heat transfer in Nano and Hybrid Nanofluids (Theoretical and
Experimental Studies); Bio Mechanics; Numerical Analysis; Number Theory; Theory of
Partitions; g-series; special functions; Graph Theory; Fixed Point Theory; Functional
Analysis; Modular Forms; Mathematical Theory of Control; Fractional Differential

Equations and Partial Differential Equations.



Scheme of instructions for M.Sc. (Mathematics) 2 Year PG from the academic year 2025-2026
onwards based on NEP 2020

Semester 1
Mode Assessment
S.No | Course Code Course title Credits [[nternal | End Sem.
ST @ | (%
1 PMATC10400 | Algebra 31011 4 40 60
2 PMATC10401 | Real Analysis 31011 4 40 60
3 PMATCI10402 | Linear Algebra 31011 4 40 60
4 PMATC10403 | Ordinary Differential Equations 31011 4 40 60
5 PMATC10404 | Discrete Mathematics 310160 3 40 60
6 PMAPC10400 | Computing Laboratory-I 0(2]0 2 40 60
TOTAL CREDITS 21
Semester 11
Mode Assessment
S.No Course Code Course title Credits [[nternal | End Sem.
MR @ | (%)
1 PMATC20500 Measure and Integration 31011 4 40 60
2 PMATC20501 Topology 31011 4 40 60
3 PMATC20502 Complex Analysis 31011 4 40 60
4 PMATC20503 Partial Differential Equations 31011 4 40 60
5 PMATC20504 Probability and Statistics 31011 4 40 60
6 PMAPC20500 Computing Laboratory-II 0(2]0 2 40 60
7 Multidisciplinary Course 31010 3 40 60
TOTAL CREDITS 25

The students who exit after the first year are awarded with PG Diploma with 46 credits as per NEP

2020.




Semester 111

Mode Assessment
S.No | Course Code Course title Credits [[nternal | End Sem.
L|P|T
(%) (%)
1 PMATC30505 | Functional Analysis 31071 4 40 60
2 PMATC30506 | Advanced Numerical Analysis 31011 4 40 60
3 PMATC30507 | Operations Research 31011 4 40 60
4 Discipline Specific Elective-I 31010 3 40 60
5 Discipline Specific Elective-II 31010 3 40 60
6 PMAPC30501 | Computing Laboratory-III 01210 2 40 60
TOTAL CREDITS 20
Semester IV
Mode Assessment
S.No Course Code Course title Credits [ [nternal | End Sem.
SR @ | (%)
1 Discipline Specific Elective-III 31010 3 40 60
2 PMARC40500 | Project Work 0113]0 13 40 60
3 PMAWS40500 | Comprehensive Viva 0] 0|4 4 100
TOTAL CREDITS 20

TOTAL NUMBER OF CREDITS FOR THE PROGRAMME IS 86

Note:

e One credit is equivalent to one hour of teaching (lecture or tutorial) or two hours of practical

work/field work per week
e L: Lecture P: Practicals T: Tutorials

Course Code Semantics

PG | Discipline Nature Type Semester | Revision | Level

P: MA: T: Theory C: Core Course 1 digit 1 digit 3 digits

PG | Mathematics | P: Practical | D: Multidisciplinary 000-099:
C: Theory & | Course Bridge courses
Practical L: Discipline Specific for UG
R: Research | Elective Course 100-199: 100
Project S: Skill Enhancement level courses
W: Course 200-299: 200
Workshop/ level courses
Training and so on.




List of Electives

List of Multidisciplinary Course Electives Offered for Other Departments (I Semester)

Mode Assessment
S.No | Course Code Course title Credits [ [nternal | End Sem
L|P|T )
(Y0) (%)
1 PMATD10400 Elementary Mathematical 3lolo 3 40 60
Programming
2 | PMATDI10401 | Differential & Integral Calculus | 3 | 0 | 0 3 40 60
3 | PMATDI10402 | Mathematical Logic 3100 3 40 60
4 | PMATD10403 | Mathematics for Everyone 3100 3 40 60
PMATD10404 | El Math ical
5 040 erpeptary athematica 3lolo 3 40 60
Statistics
6 | PMATDI10405 | History of Indian Mathematics | 3 | 0 | O 3 40 60
List of Discipline Specific Electives-I (II1 Semester)
Mode Assessment
S.No | Course Code Course title Credits | 1nternal End
L|P|T %) Sem.
IR0
1 PMATL30500 | Advanced Algebra 3100 3 40 60
2 | PMATL30501 | Classical Mechanics 3100 3 40 60
3 PMATL30502 | Number Theory 310 3 40 60
4 | PMATL30503 | Mathematical Modeling 30 3 40 60
5 PMATL30504 | Graph Theory 3100 3 40 60
6 | PMATL30505 | Tensor Analysis 310 3 40 60
7 | PMATL30506 | Matrix Analysis 30 3 40 60
8 | PMATL30507 | Fuzzy Sets and Fuzzy logic 310 3 40 60
9 | PMATL30508 | Fractional Calculus 310 3 40 60
10 Massive Open Online Courses 3
(MOOCs)*  through  NPTEL, As per MOOCs*
SWAYAM etc.




List of Discipline Specific Electives-I1 (III Semester)

Mode Assessment
S.No | Course Code Course title Credits | [nternal End
L|P|T %) Sem.
(%)
1 PMATL30509 | Finite Difference Methods 31010 3 40 60
2 | PMATL30510 | Fluid Dynamics 31010 3 40 60
3 | PMATL30511 | Differential Geometry 3(0]0 3 40 60
4 | PMATL30512 | Continuum Mechanics 31010 3 40 60
5 | PMATL30513 | Ramanujan’s Theta Functions 31010 3 40 60
6 | PMATL30514 | Lie Group Theory and Applications 31010 3 40 60
7 | PMATL30515 | Mathematical Methods 3(0]0 3 40 60
8 | PMATL30516 | Algebraic Topology 31010 3 40 60
9 Massive Open Online Courses As per
(MOOCs)* through NPTEL, 3 MOOCs*
SWAYAM etc.
List of Discipline Specific Electives-III (IV Semester)
Mode Assessment
S.No | Course Code Course title Credits | 1nternal End
L|P|T (%) Sem.
(%0)
1 PMATLA40517 | Calculus of Variations and Finite 3lo0lo 3 40 60
Element Method
2 | PMATL40518 | Computational Fluid Dynamics 3(010 3 40 60
3 | PMATL40519 | Theory of Automata 3(010 3 40 60
4 | PMATLA40520 | Riemannian Geometry 310]0 3 40 60
5 | PMATL40521 | Special Functions 3(010 3 40 60
6 | PMATL40522 | Financial Mathematics 3(010 3 40 60
7 PMATLA40523 | Cryptography 310]0 3 40 60
8 | PMATLA40524 | Modular Forms 31010 3 40 60
9 | PMATL40525 | Theory of Partitions 3(010 3 40 60
10 | PMATL40526 | Advanced Functional Analysis 310]0 3 40 60
11 | PMATL40527 | Mathematics for Biology 310]0 3 40 60
12 | PMATLA40528 | Finite Volume Method 3(010 3 40 60
13 | PMATL40529 | Mathematical Theory of Control 310]0 3 40 60
14 | PMATLA40530 | Data Structures 31010 3 40 60
15 | PMATL40531 | Boundary Layer Theory 31010 3 40 60
16 | PMATL40532 | Numerical Linear Algebra 3100 3 40 60




SWAYAM etc.

17 | PMATL40533 | Programming Tools 40 60
18 Massive Open Online Courses
(MOOCs)*  through  NPTEL, As per MOOCs*

Note: * MOOCs courses (NPTEL, SWAYAM etc.) must be approved by the Department.




Scheme of instructions for M.Sc. (Mathematics) 1 Year PG from the academic year 2026-2027
onwards based on NEP 2020

Semester I
Mode Assessment
S.No | Course Code Course title Credits | [hternal | End Sem.
L|P|T
(%) (%)
1 PMATC10500 | Functional Analysis 31011 4 40 60
2 PMATC10501 | Advanced Numerical Analysis 31011 4 40 60
3 PMATCI10502 | Operations Research 31011 4 40 60
4 Discipline Specific Elective-I 31010 3 40 60
5 Discipline Specific Elective-II 31010 3 40 60
6 PMAPC10500 | Computing Laboratory-I 01410 2 40 60
TOTAL CREDITS 20
Semester 11
Mode Assessment
S.No Course Code Course title Credits Internal | End Sem.
L| P |T
(%) (%)
1 Discipline Specific Elective-III 31010 3 40 60
2 PMARC20500 Project Work 0130 13 40 60
3 PMAWS20500 | Comprehensive Viva 0] 0|4 4 100
TOTAL CREDITS 20
TOTAL NUMBER OF CREDITS FOR THE PROGRAMME IS 40
Note:

work/field work per week
L: Lecture P: Practicals T: Tutorials

Course Code Semantics

One credit is equivalent to one hour of teaching (lecture or tutorial) or two hours of practical

PG | Discipline Nature Type Semester | Revision | Level

P: MA: T: Theory C: Core Course 1 digit 1 digit 3 digits

PG | Mathematics | P: Practical | D:Multidisciplinary 000-099:
C: Theory & | Course Bridge courses
Practical L: Discipline Specific for UG
R: Research | Elective Course 100-199: 100
Project S: Skill Enhancement level courses
W: Course 200-299: 200
Workshop/tr level courses
aining and so on.




List of Electives

List of Discipline Specific Electives-I (I Semester)

Mode Assessment
S.No | Course Code Course title Credits | 1nternal End
L|P|T %) Sem.
IR0
1 PMATL10500 | Advanced Algebra 0olo 40 60
2 PMATL10501 | Classical Mechanics olo 40 60
3 | PMATLI10502 | Number Theory olo 40 60
4 | PMATL10503 | Mathematical Modeling olo 40 60
5 | PMATL10504 | Graph Theory olo 40 60
6 | PMATLI10505 | Tensor Analysis olo 40 60
7 | PMATL10506 | Matrix Analysis olo 40 60
8 | PMATL10507 | Fuzzy Sets and Fuzzy logic 010 40 60
9 | PMATLI10508 | Fractional Calculus olo 40 60
10 Massive Open Online Courses
(MOOCs)*  through  NPTEL, As per MOOCs*
SWAYAM etc.
List of Discipline Specific Electives-II (I Semester)
Mode Assessment
S.No | Course Code Course title Credits | ynternal End
L|P|T %) Sem.
R)
1 PMATL10509 | Finite Difference Methods 31010 3 40 60
2 | PMATL10510 | Fluid Dynamics 31010 3 40 60
3 | PMATLI10511 | Differential Geometry 31010 3 40 60
4 | PMATL10512 | Continuum Mechanics 31010 3 40 60
5 | PMATL10513 | Ramanujan’s Theta Functions 3(0]0 3 40 60
6 | PMATL10514 | Lie Group Theory and Applications |3 | 0 | O 3 40 60
7 | PMATLI10515 | Mathematical Methods 31010 3 40 60
8 | PMATL10516 | Algebraic Topology 3(0]0 3 40 60
9 Massive Open Online Courses As per
(MOOCs)*  through ~ NPTEL, 3 MO g o
SWAYAM etc.




List of Discipline Specific Electives-I1I (II Semester)

Mode Assessment
S.No | Course Code Course title Credits | 1nternal End
L|P|T %) Sem.
(o)
1 PMATL20517 | Calculus of Variations and Finite 310l0 3 40 60
Element Method
2 | PMATL20518 | Computational Fluid Dynamics 3(010 3 40 60
3 | PMATL20519 | Theory of Automata 3100 3 40 60
4 | PMATL20520 | Riemannian Geometry 3100 3 40 60
5 | PMATL20521 | Special Functions 3(010 3 40 60
6 | PMATL20522 | Financial Mathematics 3(010 3 40 60
7 | PMATL20523 | Cryptography 31010 3 40 60
8 PMATL20524 | Modular Forms 3/10]0 3 40 60
9 | PMATL20525 | Theory of Partitions 3(010 3 40 60
10 | PMATL20526 | Advanced Functional Analysis 3100 3 40 60
11 | PMATL20527 | Mathematics for Biology 310]0 3 40 60
12 | PMATL20528 | Finite Volume Method 3(010 3 40 60
13 | PMATL20529 | Mathematical Theory of Control 3100 3 40 60
14 | PMATL20530 | Data Structures 31010 3 40 60
15 | PMATL20531 | Boundary Layer Theory 3(010 3 40 60
16 | PMATL20532 | Numerical Linear Algebra 3/10]0 3 40 60
17 | PMATL20533 | Programming Tools 3/10]0 3 40 60
18 Massive Open Online Courses 3
(MOOCs)*  through  NPTEL, As per MOOCs*
SWAYAM etc.

Note: * MOOCs courses (NPTEL, SWAYAM etc.) must be approved by the Department.




Learning Outcomes-Based Curriculum Framework

Name of the School: School of Physical Sciences

Department: Mathematics

Vision Statement:

To be a global centre of excellence for research and teaching in mathematics for the growth of

science and technology.

Mission Statements:

1. To provide a stimulating teaching and research environment in Mathematics through updated
curriculum, effective teaching and research learning process.

2. To inculcate innovative skills and ethical practices among students so as to meet the societal
expectations.

3. To provide the best possible facilities and produce the professionally competent, socially

committed students through quality education and research.



Qualification Descriptors (QDs)

QD-1: Ability to understand the use of various mathematical concepts for problem
solving and interpretation.

QD-2: Becoming familiar with the usage of C, C++, Fortran, Mathematica, Matlab, Maple
and free open source software for problem solving purposes.

QD-3: Building the professional competence in terms of applying the mathematical
techniques for science and engineering problem solving.

QD-4: Developing specialized skills suited to newer domains and facing the competitive
world.

QD-5: Ability to apply the mathematics knowledge in interdisciplinary projects and
research.

QD-6: Ability to transfer the knowledge of mathematics relevant to job trends and

employment opportunities.

Mapping Qualification Descriptors (QDs) with Mission Statements (MS)

MS-1 MS-2 MS-3
QD-1 3 3 1
QD-2 3 3 2
QD-3 1 3 3
QD-4 1 3 2
QD-5 1 2 3
QD-6 1 3 2

Write ‘3’ in the box for ‘High-level” mapping, 2 for ‘Medium-level’ mapping, 1 for ‘Low-level’
mapping.



Name of the Department: Mathematics

Name of the Academic Program: M.Sc. Mathematics

Program Learning Outcomes (PLOs)

PLO-1: Students should demonstrate an understanding of the foundations of
mathematics as well as the ability to think logically and critically.
PLO-2: Ability to formulate, analyze, and solve problems through analytical, semi-analytical &
numerical techniques and apply them to other disciplines when appropriate.
PLO-3: Ability to attain the needed written and oral communication skills to translate
their degree into a viable career path.
PLO-4: Ability to use mathematical ideas to model real-world problems
PLO-5: Explain the knowledge of contemporary issues in the field of Mathematics and
applied sciences.
PLO-6: Ability to utilize the technology to address mathematical ideas.
PLO-7: Ability to perform computations in higher mathematics.
PLO-8: Perform research in conjunction with others as well as individually.
PLO-9: Crack lectureship and fellowship exams approved by UGC & MHRD like CSIR, NET,
GATE and SET etc.
PLO-10: Work effectively as an individual, and also as a member or leader in

multi-disciplinary teams.



Mapping of Program Learning Outcomes (PLOs)
with Qualification Descriptors (QDs)
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Write ‘3’ in the box for ‘High-level’ mapping, 2 for ‘Medium-level’ mapping, 1 for ‘Low-level’
mapping.



Name of the Department: Mathematics

Name of the Academic Program: M.Sc. Mathematics

Semester-I

Course code: PMATC10400 Title of the Course: Algebra
L-T-P: 3-1-0 Credits:4
Prerequisite course/knowledge: Sets and Equivalence relations and partitions, Division
algorithm for integers, primes, unique factorizations, Chinese Remainder Theorem, Euler ¢-
function. Groups, subgroups, normal subgroups, quotient groups, cyclic groups, permutation
groups, cosets and Lagrange’s theorem, definition and examples of rings, subrings and ideals,
integral domains and fields.

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to:
CLO-1: apply the knowledge of Algebra to attain a good mathematical maturity and enables to
build mathematical thinking and skill.
CLO-2: understand the concepts of homomorphism and isomorphism between groups.
CLO-3: apply class equation and Sylow theorems to solve different problems.
CLO-4: explore the properties of principle ideal domain, Euclidean domain and Unique
factorization domain, polynomial rings and field extensions.
CLO-5: design, analyze and implement the concepts of Gauss Lemma, Einstein’s irreducibility
criterion etc.
Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |2 3 3 2 2 1 1 3 1
CLO2 |2 3 2 1 2 1 1 3 1
CLO3 |2 3 2 2 1 1 1 3 1
CLO4 |2 3 2 1 2 1 1 3 1
CLOS |2 3 2 1 2 1 1 3 1

Each Course Learning Outcome (CLOs) may be mapped with one or more Program Learning
Outcomes (PLOs). Write ‘3’ in the box for ‘High-level’ mapping, 2 for ‘Medium-level’ mapping,

1 for ‘Low-level’ mapping.




Course Details:
Unit 1: Group homomoprhisms, Automorphisms, Isomorphisms, Fundamental theorems of group
homomoprhisms, Cayley's Theorem, class equations, Sylow theorems. Direct Products,
Fundamental Theorem of Finite Abelian groups.
Unit 2: Rings, ideals, prime and maximal ideals, quotient rings, unique factorization domain,
principal ideal domain, Euclidean domain.
Unit 3: Polynomial rings and irreducibility criteria.
Unit 4: Fields, finite fields, field extensions, basic properties of degree of field extensions.
Course References:
1. G. A. Gallian (2013), Contemporary Abstract Algebra, Narosa Publishers.
2. L N. Herstein (1975), Topics in Abstract Algebra, Wiley Eastern Limited.
3. D. S. Dummit, R. M. Foote (1999), Abstract Algebra, Second Edition, John Wiley & Sons,
Inc.
4. Surjeet Singh and Qazi Zameeruddin (1994), Modern Algebra, Vikas Publishing House.
5. N. Jacobson (2009), Basic Algebra-I, 2" ed., Dover Publications.
6. Darek F. Holt, Bettina Eick and Eamonaa Obrien (2005), Handbook of computational group
theory, Chapman & Hall/CRC Press.
7. J. B. Fraleigh (2002), A first course in abstract algebra, 7th ed., Addison-Wesley Longman.

Course Code: PMATC10401 Title of the Course: Real Analysis
L-T-P: 3-1-0 Credits: 4
Course Learning Outcomes (CLOs)

After studying this course the student will be able to

CLO-1: illustrate the effect of uniform convergence on the limit function with respect to
continuity, differentiability, and integrability.

CLO-2: understand the concept of equi-continuity, pointwise and uniform boundedness, Arzela-
Ascoli's theorem.

CLO-3: understand the concept of Minima and Maxima, implicit and inverse mapping theorems.

CLO-4: use theory of Riemann Stieltjes integral in solving definite integrals arising in different



fields of science and engineering.
CLO-5: Extend their knowledge of real variable theory for further exploration of the subject for

going into research.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 2 2 3 1
CLO2 3 2 2 2 3 1 3 2
CLO3 3 2 2 3 1 2 1 3 2
CLO4 2 2 2 2 1 1 2 1
CLOS 2 2 2 2

Course Details:
Unit 1: Sequences and series of functions: pointwise and uniform convergence, Weierstrass M-
test, Dini's theorem, equicontinuity, pointwise and uniform boundedness, Arzela-Ascoli's theorem,
Weierstrass approximation theorem.
Unit 2: Functions of several variables: Limit, continuity, partial derivatives, total derivative,
directional derivative, chain rule, mean value theorems, Taylor theorem, minima and maxima,
inverse and implicit mapping theorems.
Unit 3: The Riemann Stieltjes Integral: Existence of the integral, properties, integration of vector
valued functions, first and second mean value theorems, change of variable rectifiable curves.
Unit 4: Multiple integrals, properties of integrals, existence of integrals, iterated integrals, change
of variables (Cartesian, polar, cylindrical and spherical coordinates) and its properties, Surface
integration, surface area, Green’s theorem, Stokes theorem, Gauss divergence theorem.
Course References:

1. Walter Rudin (1976), Principles of Mathematical Analysis, McGraw Hill Book Co.

2. T. M. Apostol (1987), Mathematical Analysis, Narosa Publications.

3. Richard R. Goldberg (1976), Methods of Real Analysis, second edition, John Wiley & Sons.

4. M. Moskowitz, F. Paliogiannis (2011), Functions of Several Real Variables, World




Scientific.

5. R. Spiegel Murray (1959), Schaum's Outline of Vector Analysis, Schaum's Outline Series.

6. Tom M. Apostol, (1969), Calculus. Vol. II: Multi-variable Calculus and Linear Algebra,
with Applications to Differential Equations and Probability, second edition, Wiley student
edition.

7. Munkres, James R. (1991), Analysis on Manifolds, Addison-Wesley Publishing Company,
Advanced Book Program, Redwood City, CA.

8. Wendell H. Fleming (1987), Functions of several variables (3/e), Springer-Verlag, New

York.
Course Code: PMATC10402 Title of the Course: Linear Algebra
L-T-P: 3-1-0 Credits: 4

Course Learning Outcomes (CLOs):

After completion of this course successfully, the students will be able to

CLO-1: recognize the concepts of the terms span, linear independence, basis, and dimension,
and apply these concepts to various vector spaces and subspaces.

CLO-2: explain the applications of canonical forms.

CLO-3: write down the matrix representing a linear transformation under a given basis, and
determine how the matrix changes if the basis is changed.

CLO-4: identify the importance of orthogonal property in the spectral theory.

CLO-5: discusses the quadratic forms and Sylvester’s law of inertia.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 3 1 2 2 2 1 3
CLO2 3 1 2 2 2 1 3
CLO3 3 1 2 2 2 1 3
CLO4 3 1 2 2 2 1 3
CLOS 3 1 2 2 2 1 3




Course Details:

Unit 1: Vector spaces, subspaces, linear dependence, basis, dimension, algebra of linear
transformations. Algebra of matrices, rank and determinant of matrices, linear equations.

Unit 2: Eigenvalues and eigenvectors, Cayley-Hamilton theorem. Matrix representation of linear
transformations. Change of basis, canonical forms, diagonal forms, triangular forms, Jordan forms.
Unit 3: Inner product spaces, Gram-Schmidt orthonormalization, orthogonal projections, linear
functional and adjoints, Hermitian, self-adjoint, unitary and normal operators, Spectral Theorem
for normal operators, Rayleigh quotient, Min-Max Principle.

Unit 4: Bilinear forms, symmetric and skew symmetric bilinear forms, quadratic forms, reduction

and classification of quadratic forms, Sylvester's law of inertia.

Course References:
1. K. Hoffman and R. Kunze (2003), Linear Algebra, Prentice Hall of India, New Delhi.
2. M. Artin (1994), Algebra, Prentice Hall of India.
3. S. Kumeresan (2000), Linear Algebra, A Geometric approach, Prentice Hall India.
4. A.R. Vasishtha and A. K. Vasishtha (2004), Matrices, Krishna’s educational publishers.
5. L N. Herstein (1964), Topics in Algebra, Vikas Publishing House, New Delhi.
6. K.B. Datta (2006), Matrix and Linear Algebra, Prentice Hall of India, New Delhi.
7. L. Lipschutz and M. Lipson, Linear Algebra, McGraw Hill Education, India.

Course Code: PMATC10403 Title of the Course: Ordinary Differential Equations
L-T-P: 3-1-0 Credits: 4

Prerequisite Course / Knowledge (If any):
Definition of ordinary differential equation, formation and solution of first order ordinary
differential equations, order and degree of ordinary differential equations, integrating factors, rules
to find an integrating factor, basic theory of linear differential equations, solving a differential
equation by reducing its order. Linear homogenous equations with constant coefficients, Linear
non-homogenous equations (first order).

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to...
CLO-1: solve the ordinary differential equations having constant and variable coefficients.

CLO-2: obtain the solutions of second order differential equations using various methods.



CLO-3: find the series solution of the linear differential equations.

CLO-4: solve the system of differential equations using eigen value and matrix methods.

CLO-5: evaluating the existence and uniqueness of the solutions using Picard’s concept.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 3 1
CLO2 1 3 2 2 1 3 2
CLO3 1 3 2 2 1 3 2
CLO4 2 3 2 2 1 1 3 2
CLOS 3 2 2 3 2

Course Details:
Unit 1: Second Order Equations: General solution of Homogeneous equations, Non-homogeneous
equations, Wronskian, Method of variation of parameters, Sturm comparison and separation
theorems, Boundary value problems, Green's functions, Sturm-Liouville problems.
Unit 2: Series Solution of Linear Differential Equations: Ordinary points, Singular points, Regular
singular points, Frobenius method, Legendre polynomials and properties, Bessel functions and
properties.
Unit 3: Systems of Differential Equations: Algebraic properties of solutions of linear systems, the
eigenvalue eigenvector method of finding solutions, Complex eigenvalues, Equal eigenvalues,
Fundamental matrix solutions, Matrix exponential.
Unit 4: The existence and uniqueness of solutions: The method of successive Approximations-
Picard Theorem-systems, Non-local existence theorem.
Course References:

1. G.F. Simmons (1974), Differential Equations, TMH Edition, New Delhi.

2. E.A. Coddington (1999), An Introduction to Ordinary Differential Equations, PHI Learning.

3. U. Tyn Myint (1978), Ordinary Differential Equations, Elesvier North- Holland.

4. S. G. Deo and V. Raghavendra (2006), Ordinary differential equations, Tata McGraw Hill,

New Delhi.
5. E.D. Rainville and P.E. Bedient (1969), Elementary Differential Equations, McGraw Hill,
NewYork.




6. E.A. Coddington and N. Levinson (1955), Theory of ordinary differential equations, McGraw
Hill.

7. A.C.King, J.Billingham and S.R.Otto (2006), Differential equations, Cambridge University
Press.

8. S.L. Ross (1984), Differential equations, 3rd edition, John Wiley & Sons, NewY ork.

Course Code: PMATC10404 Title of the Course: Discrete Mathematics
L-T-P: 3-0-0 Credits: 3
Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to...
CLO-1: apply propositional logic and first order logic to solve problems. Also, determine if a
logical argument is valid or invalid.
CLO-2: construct induction proofs involving summations, inequalities, and divisibility
arguments. Also, implement the principles of counting, permutations and combinatory to solve
real world problems.
CLO-3: formulate and solve recurrence relations. Prove whether a given relation is an equivalence
relation/poset and will be able to draw a Hasse diagram.
CLO-4: develop and analyze the concepts of Boolean algebra
CLO-5: develop and analyze the concepts of graph theory.
Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)

and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 2 1 1 2 1
CLO2 3 3 1 2 2 1 2 1 2
CLO3 2 3 3 2 1 1 1 1 1
CLO4 3 3 2 2 1 1 1 1
CLOS 3 3 2 3 2 3 1 2 2

Course Details:
Unit 1: Sets and propositions: Combinations of sets, Finite and Infinite sets, uncountable infinite
sets, principle of inclusion and exclusion, mathematical induction. Propositions, fundamentals of

logic, first order logic, ordered sets. Counting: Basics of counting, Pigeonhole principle-




Permutations and combinations — Pascal’s Identity- Vandermonde’s Identity- Generalized
Permutations and combinations.
Unit 2: Generating functions: coefficients of generating functions — applications of generating
functions. Recurrence relations: Solving Recurrence Relations- Linear Homogeneous and Non-
Homogeneous Recurrence relations, solution by the method of generating functions, sorting
algorithm. Relations and functions: properties of binary relations, equivalence relations and
partitions, partial and total ordering relations, Transitive closure and Warshal’s algorithm.
Unit 3: Boolean algebra: Chains, Lattices and algebraic systems, principle of duality, basic
properties of algebraic systems, distributive and complemented lattices, Boolean lattices and
algebras, uniqueness of finite Boolean algebras, Boolean expressions and functions.
Unit 4: Graph Theory: Graphs and planar graphs, multigraphs and weighted graphs, Trees and
cut sets.
Course References:

1. J.R. Mott, A. Kandel and Baker (2006), Discrete Mathematics for Computer Scientists, PHI.
2. C. L. Liu (1985), Elements of Discrete Mathematics, McGraw Hill.

3. J. P. Tremblay and R. Manohar (2004), Discrete Mathematical Structures with applications to

Computer Science, McGraw Hill Book Co.

Course Code: PMAPC10400 Title of the Course: Computing Laboratory-I
L-T-P: 0-0-2 Credits: 2
Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: Understand the basics of Python programming, including variables, data types, operators,
control flow, functions, and modules.
CLO-2: Develop problem-solving skills using Python.
CLO-3: Use Python to analyze data and create visualizations.

CLO-4: write programs to solve linear algebra and ODE problems.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)



PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 2 1 2 1 1
CLO2 3 1 2 1 2 3 2 1
CLO3 3 3 2 1 1 3 1 1
CLO4 3 3 2 1 1 2 1 1

Course Details:

Unit-I (Introduction to Python, Conditionals & Loops): From processors to programming, high
level and low level languages, compiled and interpreted languages, evolution of python,
introduction to VSCode, introduction to Google Colab, Python variables, Python basic operators,
Python data types, variables, declaring and using numeric data types: int, float etc., basic input-
output operations, Boolean values, if, else and else if, Simple for loops in python, for loop using
ranges, string, list and dictionaries, use of while loops in python, loop manipulation using pass,

continue, break and else. Practice the programs on conditional statements and loops.

Unit-1I (Strings, Lists and Functions): Assigning values in strings, string manipulations, string
special operators, string formatting operators, triple quotes, raw string, unicode string, build-in-
string methods, lists introduction, accessing values in list, list manipulations, list operations,
indexing, slicing & matrices, use of tuple data type string, list and dictionary, string manipulation
methods, programming using string, list and dictionary in-built functions, built-in functions and
methods, functions, writing functions in Python, returning a result from a function, pass by value
& pass by reference, function arguments & its types, recursive functions, file reading and writing.

Practice the programs on strings, lists and functions.

Unit-IIT (Python Packages): Simple programs using the built-in functions of packages like
Plotting with matplotlib - histograms, graphs, heatmaps, contour plots etc., basic statistical analysis
with numpy and pandas, data reduction and filtering. Practice the programs on linear algebra and
ordinary differential equations.
Course References:

1. Introduction to Python Programming, William Mitchell, Povel Solin, Martin Novak et al.,

NCLab Public Computing, 2012.
2. Introduction to Python Programming, ©Jacob Fredslund, 2007.




An Introduction to Python, John C. Lusth, The University of Alabama, 2011.
Introduction to Python, ©Dave Kuhlman, 2008.
Python for Data Analysis by Wes McKinney

Mastering python for data science, Samir Madhavan

N o AW

A. B. Downey, Think Python, 2e: How to Think Like a Computer Scientist, O'Reilly,
2015.

8. Arockia Mary P, Problem Solving and Python Programming, Shanlax Publications, 2021.
9. Python: The Hard Way by Zed Shaw

10. C. Morris, “https://www.kaggle.com/learn/python,” [Online Resource].

11. “https://docs.python.org/3/tutorial/index.html,” [Online Resource].

List of Multidisciplinary Course Electives Offered for Other Departments (I Semester)

Course Code: PMATD10400 Title of the Course: Elementary Mathematical Programming
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to...
CLO-1: understanding the basic definitions basic feasible solution, feasible regions and
optimality.
CLO-2: apply the graphical method on linear programming.
CLO-3: apply the simplex method, revised simplex method on linear programming.
CLO-4: apply the dual simplex method, primal-dual method on linear programming.
CLO-5: apply the transportation problems, assignment problems, network maximum flow
problems on real life problems.
Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Qutcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10

CLO1 3 3 2 2 1 1

\S]
(98]
—_

CLO2 1 3 3 2 2 1 2 3 |




CLO3 1 3 1 2 2 2 1 2 2 2

CLO4 1 3 1
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CLOS 2 3 1 2 2 2 1 2 3 2

Course Details:

Unit 1: Linear programs formulation through examples from engineering / business decision
making problems; preliminary theory and geometry of linear programs, graphical method, basic
feasible solution, feasible regions and optimality.

Unit 2: simplex method, variants of simplex method, like two phase method and revised simplex
method.

Unit 3: Duality and its principles, interpretation of dual variables, dual simplex method, primal-
dual method;

Unit 4: linear integer programs, their applications in real decision making problems, cutting plane
and branch and bound methods, transportation problems, assignment problems, network maximum
flow problems;

Course References:

1. H.A.Taha, Operations Research, An Introduction , PHI, 2008

2. H.M.Wagner, Principles of Operations Research, PHI, Delhi, 1982.

3. J.C.Pant, Introduction to Optimisation: Operations Research, Jain Brothers, Delhi, 2008.
4. B.S. Grewal, Higher Engineering Mathematics, Khanna Publications, Latest Edition.

Course Code: PMATD10401 Title of the Course: Differential & Integral Calculus
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to...
CLO-1: understanding the basic definitions of calculus.
CLO-2: analyse the applications of calculus.
CLO-3: develop the concepts of differential calculus.
CLO-4: develop the concepts of integral calculus.

CLO-5: develop the concepts of vector calculus.




Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 2 1 1 2 3 1
CLO2 3 3 2 2 2 2 2 2
CLO3 1 3 2 2 2 1 2 2 2
CLO4 1 3 2 2 2 1 2 2 2
CLOS5 2 3 2 2 2 1 2 3 2

Course Details:
Unit 1: Basics of Analysis, Limit, Continuity, Differentiability and Integrability of a function.
Unit 2: Differential Calculus: Rolle’s theorem; Mean value theorem; Taylor’s and Maclaurin’s
theorems with remainders, Expansions; Indeterminate forms; Asymptotes and curvature; Curve
tracing; Functions of several variables, Partial Differentiation, Total Differentiation, Euler’s
theorem and generalization, maxima and minima of functions of several variables — Lagrange’s
method of Multipliers; Change of variables — Jacobians.
Unit 3: Integral Calculus: Fundamental theorem of integral calculus and mean value theorems;
Evaluation of plane areas, volume and surface area of a solid of revolution and lengths.
Convergence of Improper integrals — Beta and Gamma functions — properties — Differentiation
under integral sign. Double and triple integrals — evaluation of surface areas and volumes — change
of order of integration- change of variables in double and triple integrals.
Unit 4: Vector Calculus: Scalar and Vector fields; Vector Differentiation; Level surfaces —
directional derivative - Gradient of scalar field; Divergence and Curl of a vector field - Laplacian
- Line and surface integrals; Green’s theorem in plane- Gauss Divergence Theorem-Stokes’
theorem (without proofs).
Course References:

1. R.K.Jain and S. R. K. Iyengar (2002), Advanced Engineering Mathematics, Narosa

Publishing House.
2. Erwyn Kreyszig (2010), Advanced Engineering Mathematics, John Wiley and Sons, 8th
Edition.




3. B. S. Grewal, Higher Engineering Mathematics, Khanna Publications, Latest Edition.
4. Joel Hass, Christopher Heil, Maurice D. Weir (2019), Thomas’s Calculus, Pearson
Publication, 14th edition.

Course Code: PMATD10402 Title of the Course: Mathematical Logic
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: understanding the concepts sets, maps, proportional logics, logical axioms and rules
consistency, completeness, elementary equivalence/substructure.
CLO-2: understand the concepts some elementary results of predicate logic, equational classes
and universal algebra.
CLO-3: understand the completeness theorem, the compactness theorem, conditions which are
equivalent to the axiom of choice, the Lowenheim-Skolem theorems, Vaught's criterion for
completeness.
CLO-4: understand the Computable Functions, the Church-Turing Thesis, primitive recursive
functions, representability, decidability and G"odel numbering.

CLO-5: undrstand theorems of G"odel and Church, A more explicit incompleteness, Undecidable

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 2 2 1 1 1 1 1 1
CLO2 3 3 2 1 1 2 2 1 2
CLO3 3 3 3 2 2 1 1 2
CLO4 2 3 2 2 1 1 1 2
CLOS 1 2 2 1 3 1 2 1




Course Details:

Unit 1: A brief overview of Sets and Maps, Propositional Logic, Completeness for Propositional
Logic, Languages and Structures, Variables and Terms, Formulas and Sentences, Logical Axioms
and Rules; Formal Proofs.

Unit 2: Another Form of Completeness, Proof of the Completeness Theorem, Some Elementary
Results of Predicate Logic, Equational Classes and Universal Algebra.

Unit 3. L'owenheim-Skolem; Vaught’s Test, Elementary Equivalence and Back-and-Forth,
Quantifier Elimination, Presburger Arithmetic, Skolemization and Extension by Definition.

Unit 4: Computable Functions, The Church-Turing Thesis, Primitive Recursive Functions,
Representability, Decidability and G odel Numbering, Theorems of G"odel and Church, A more
explicit incompleteness theorem, Undecidable Theories.

Course References:

1. Herbert Enderton (1977), A mathematical introduction to logic, Academic Press.
2. Robert Causey (2006), Logic, Sets, and Recursion, 2nd edition.
3. Hedman, Shawn (2004), A first course in logic: An introduction to model theory, proof

theory, computability, and complexity, Oxford: Oxford University Press.

4. Wolfgang Rautenberg (2006), A Concise Introduction to Mathematical Logic, Springer.

Course Code: PMATD10403 Title of the Course: Mathematics for Everyone
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: understanding the concepts of sets, derivative, integration, trigonometry.

CLO-2: apply the concept of integration to find the areas, volume, and surface area.
CLO-3: know the basic probability and distributions.

CLO-4: know the basics of statistical tools.

CLO-5: apply derivatives, integration, trigonometry concepts in science, engineering and

economics problems.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)


https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Wolfgang+Rautenberg%22

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 1 1 1 1 1 1
CLO2 3 3 2 1 1 2 2 1 3
CLO3 3 3 3 2 2 1 1 1 3
CLO4 2 3 2 2 1 1 1 1 3
CLOS 1 2 2 1 3 1 2 1 1

Course Details:

Unit 1: Set, function, limit, continuity, derivative of a function, Taylor’s and Maclaurin’s series,

minima max. in function of single variable. Basic concepts of Trigonometry.

Unit 2: Basic integration, evaluation of plane areas, volume and surface area of a solid of
revolution and lengths.

Unit 3. Random variable and sample space - notion of probability - axioms of probability -
empirical approach to probability - conditional probability - independent events - Bayes’ Theorem,

Probability distributions with discrete and continuous random variables.

Unit 4: Applications of derivatives, integration, Trigonometric in science, engineering,
economics, real life.

Course References:

1. R.K.Jain and S. R. K. Iyengar (2002), Advanced Engineering Mathematics, Narosa

Publishing House.

2. Erwyn Kreyszig (2010), Advanced Engineering Mathematics, John Wiley and Sons, 8th

Edition.

3. B. S. Grewal, Higher Engineering Mathematics, Khanna Publications, Latest Edition.
4. Joel Hass, Christopher Heil, Maurice D. Weir (2019), Thomas’s Calculus, Pearson

Publication, 14th edition.

Course Code: PMATD10404

L-T-P: 3-0-0

Course Learning Outcomes (CLOs)

Title of the Course: Elementary Mathematical Statistics

Credits: 3




After completion of this course successfully, the students will be able to...

CLO-1: understanding the basic definitions and principles of probability and statistics.
CLO-2: determine the mean, standard deviation and m™ moment of a probability distribution.
CLO-3: use the method of testing of hypothesis for examining the validity of a hypothesis.
CLO-4: estimate the parameters of a population from knowledge of statistics of a sample.

CLO-5: find a curve of best fit for given data.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 2 1 2 1 1 1 1 3 1
CLO2 1 3 2 1 1 2 2 3 2
CLO3 1 3 1 3 2 2 1 1 3 2
CLO4 2 3 2 2 1 1 1 3 2
CLOS 1 2 2 2 1 3 1 2 3 1

Course Details:

Unit 1: Random variable and sample space - notion of probability - axioms of probability -
empirical approach to probability - conditional probability - independent events - Bayes’ Theorem.
Unit 2: Probability distributions with discrete and continuous random variables - joint probability
mass function, marginal distribution function, joint density function.

Unit 3: Mathematical expectation - moment generating function - Chebyshev’s inequality - weak
law of large numbers - Bernoulli trials - the Binomial, Poisson and normal, distributions and their
moment generating functions.

Unit 4: Sampling and large sample tests - Introduction to testing of hypothesis - tests of
significance for large samples - chi-square test - t and F tests - theory of estimation - characteristics
of estimation. Linear and polynomial fitting by the method of least squares - linear correlation and

linear regression




Course References:

1. S. C. Gupta and V. K. Kapur (2008), Fundamentals of Mathematical Statistics, S. Chand
& Sons, New Delhi, 2008.

2. V. K. Rohatgi and A.K. Md. Ehsanes Saleh (2001), An Introduction to Probability theory
and Mathematical Sciences, Wiley.

3. Richard A Johnson (2005), Probability and Statistics for Engineers, Pearson Education.

4. W. Feller ( 1978), Introduction to Probability Theory and its Applications, third edition,
Wiley Eastern.

5. S.Ross (2007), A First Course in Probability, sixth edition , Pearson Education.

6. B.L.S. Prakasa Rao (2009), A First Course in Probability and Statistics, World Scientific.

Course code: PMATD10405 Title of the Course: History of Indian Mathematics
L-T-P: 3-0-0 Credits: 3
Course Learning Outcomes (CLOs)

After completing this course successfully, the students will be able to:

CLO-1: Understand the roots of Indian Mathematics

CLO-2: Analyze the key contributions of Indian Mathematicians

CLO-3: Examine the mathematical advancements in calculus

CLO-4: Explore the influence of Indian mathematics on the Islamic and European traditions

CLO-5: Determine awareness of India's role in the global history of mathematics.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO | PLO |PLO |PLO |PLO |PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 2 1
CLO2 |3 2 2 1
CLO3 |3 1 1 2
CLO4 |3 2 1 1
CLOS |3 2 1 1




Course Details:

Unit-1: Mathematical concepts in the Vedas and Sulbasutras (geometry, altar construction, pi
approximation, square roots), Early number systems, and positional decimal notation, the concept
of zero and infinity in early thought.

Unit-2: Contributions of Aryabhata I, Brahmagupta, and Bhaskara I, Trigonometry, algebraic
identities, and arithmetic progressions.

Unit-3: Contributions of Madhava of Sangamagrama, Nilakantha Somayaji, and successors,
Infinite series expansions (sine, cosine, pi), Early ideas of calculus and convergence.

Unit-4: Transmission of Indian mathematics to the Islamic world and Europe. Factors contributing
to the decline of original mathematical activity, Rediscovery and recognition of Indian
mathematical texts in the modern era.

Course References:

1. Saraswati Amma (1979), Geometry in Ancient and Medieval India, Motilal Banarsidass.

2. B. Datta and A. N. Singh (1935), History of Hindu Mathematics: A Source Book, Part I,
Asia Publishing House.

3. K. Plofker (2009), Mathematics in India, Princeton University Press.

4. T. Hayashi (2000), Mathematics in India: Past and Present, in Mathematics Across
Cultures, Springer.

5. V. D. Heroor (2016), The History of Mathematics and Mathematicians of India, Sakshi
Publications.

6. G. G. Joseph (2000), The Crest of the Peacock: Non-European Roots of Mathematics,
Princeton University Press.

7. C. K. Raju (2007), Cultural Foundations of Mathematics, Pearson Education India.

8. V. D. Heroor (2018), Bhaskariya Bijaganitam: Bhaskara’s Algebra with Introduction,
English Translation & Notes, Rashtriya Sanskrit Vidyapeetha, Tirupati, India.



Semester-11

Course code: PMATC20500 Title of the Course: Measure & Integration
L-T-P: 3-1-0 Credits:4

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: know the Lebesgue measure can be viewed as a natural generalization of length to sets
that are more complicated than intervals or finite unions of intervals.
CLO-2: understand the construction of the Lebesgue integral and know its key properties.
CLO-3: verify whether a given subset of R or a real valued function is measurable.
CLO-4: understanding that Lebesgue integration can solve certain problems for which Riemann
integration does not provide adequate answers.

CLO-5: prove the basic results of measure theory and integration theory.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 1 1 2 2 1 1 3 1
CLO2 |3 2 1 1 2 1 1 1 3 1
CLO3 |3 2 1 1 2 1 1 1 3 1
CLO4 |3 2 1 1 2 2 1 1 3 1
CLOS |3 2 1 1 2 1 1 1 3 1

Course Details:

Unit 1: Algebra of sets, sigma algebras of sets, Borel subsets of R, Fs and Gs sets, Lebesgue outer
measure and its properties, algebra of measurable sets in R, Existence of a non-measurable set,
Measurability of Cantor set, Lebesgue measure and its properties.

Unit 2: Lebesgue Measurable functions and their properties, Convergence pointwise and
convergence in measures of a sequence of measurable functions, Littlewood’s three principles and
Egoroff’s Theorem, Characteristic function of a set, simple function.

Unit 3: Lebesgue integral of simple functions, Lebesgue integral of bounded functions, Bounded

convergence theorem, Comparison of Riemann and Lebesgue integral. Lebesgue integral of non-




negative functions, Fatou's Lemma, Monotone convergence theorem, Lebesgue general integral,

Lebesgue dominated convergence theorem.

Unit 4: Differentiation of Monotone functions, Vitali covering lemma, Differentiability of an

integral, Absolute continuity and indefinite integrals, LPspaces, Holder and Minkowski

inequalities, Convergence and completeness, Riesz — Fischer Theorem, Bounded linear functionals

Riesz representation theorem and illustrative examples, Measure spaces, Signed measures, the

Radon Nikodyn theorem.

References:

1. H.L. Royden (1995), Real Analysis, 3rd Edition, Prentice-Hall of India.

2. G. de Barra (2014), Measure and Integration, 2nd Edition, New Age International (P) Ltd.,
New Delhi.

3. Inder K Rana (2005), An Introduction to Measure and Integration, Narosa Publishing House
India.

4. P.R. Halmos (1962), Measure Theory, East West Press.

5. W. Rudin (1966), Real & Complex Analysis, McGraw Hill.

Course code: PMATC20501 Title of the Course: Topology
L-T-P: 3-1-0 Credits:4

Course Learning Outcomes (CLOSs)
After completion of this course successfully, the students will be able to
CLO-1: acquire knowledge about various types of topological spaces and their properties.
CLO-2: determine closure of set, interior, limit, boundary points of given sets, basis and
subbasis of topological spaces.
CLO-3: know the definition and basic properties of connected spaces and compactness.
CLO-4: familiar with the Tietze extension theorem and the Urysohn lemma, and they can
characterize metrizable spaces.
CLO-5: know interesting results on Hausdorff spaces, Lindelof spaces, regular spaces and
normal Spaces.
Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)



PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 3 3 1 2 1 1 3 1
CLO2 |3 3 3 1 2 1 1 3 1
CLO3 |3 3 3 1 2 1 1 3 1
CLO4 |3 3 3 1 2 1 1 3 1
CLOS |3 3 3 1 2 1 1 3 1

Course Details:

Unit 1: Topological spaces, basis for a topology, the order topology, the product topology, the
subspace topology, metric topology.

Unit 2: Closed sets, Limit points, Closure of a set, Hausdorff spaces, Continuous functions,
metrizable space, Quotient spaces.

Unit 3: Connected spaces and compact spaces.

Unit 4: Countability Axioms, The Separation Axioms, Lindeldf spaces, Regular spaces, Normal

spaces, Urysohn Lemma, Tietze Extension Theorem, Tychonoff theorem.

References:
1. James R. Munkres (2000), Topology, A first course, Prentice Hall of India Pvt. Ltd., New
Delhi.

2. W.J. Pervin (1964), Foundations of General Topology - Academic Press.

3. G. F. Simmons (1963), Introduction to Topology and Modern Analysis, Tata Mc Graw
Hill.

4. J. Dugundji (1975), Topology - Prentice Hall of India.

5. GJ.L. Kelley (1955), General Topology, Van Nostrand, Princeton.

Course Code: PMATC20502 Title of the Course: Complex Analysis
L-T-P: 3-1-0 Credits: 4

Course Learning Outcomes (CLOs)
After studying this course the student will be able to
CLO-1: understand how complex numbers provide a satisfying extension of the real numbers.
CLO-2: understand analytic function as a mapping on the plane, Mobius transformation, branch
of logarithm and learn techniques of complex analysis that make practical problems easy

(graphical rotation and scaling as an example of complex multiplication).




CLO-3: understand Cauchy’s theorems and integral formulas on open subsets of the plane.
CLO-4: understand how to count the number of zeros of analytic function giving rise to open
mapping theorem. Evaluate improper/definite integrals by residue theorem
CLO-5: extend their knowledge of complex variable theory for further exploration of the
subject for going into research.
Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 2 1 1
CLO2 2 2 2 2 1 1 2 2
CLO3 3 3 2 2 1 3 2
CLO4 2 2 2 2 1 1 3 2
CLOS 2 2 2 3

Course Details:

Unit 1: Extended complex numbers, Riemann sphere, stereographic projection, lines, circles.

Limit, continuity, analytic functions, harmonic conjugates, elementary functions, conformal

mapping, Mobius transformations.

Unit 2: Series, uniform convergence, power series, radius of convergences, power series

representation of analytic function, relation between power series and analytic function. Maximum

modulus theorem, index of a closed curve, simple connectedness.

Unit 3: Cauchy’s theorem for triangle, rectangle, in a disk, Goursat’s theorem and Cauchy’s

integral formula, Liouville’s theorem, fundaments theorem of algebra, counting zeros and open

mapping theorem, classification of singularities, poles, Taylor’s series, Laurent series.

Unit 4: Residue, contour integration, evaluation of definite integrals, argument principle, Rouche’s

theorem, maximum principles, Schwarz’s lemma.

Course References:

1. L.V. Ahlfors (2017), Complex Analysis, Mc Graw Hill Co., Indian Edition.

2. J.B. Conway (1996), Functions of One Complex Variable, Second Edition, Narosa
Publications, New Delhi.

3. T.W. Gamelin (2001), Complex Analysis, Springer.

4. R.V. Churchill, Brown (1974), Complex Variables and Applications. McGraw Hill.




5. D.C. Ullrich (2008), Complex Made Simple, American Mathematical Society.

6. S. Ponnaswamy (2019), Functions of Complex variable, Narosa Publications.

7. R. Nevanlinna (1970), Analystic functions, Springer.

8. E. Hille (1959), Analytic Theory, Vol. I, Ginn.

9. Narasimhan, Raghavan and Nievergelt, Yves (2001), Complex Analysis in One Variable, 2"
edition, Birkhauser Boston, Inc., MA.

Course Code: PMATC20503 Title of the Course: Partial Differential Equations
L-T-P: 3-1-0 Credits: 4

Prerequisite Course / Knowledge : Definition of partial differential equations, order and degree
of partial differential equations, Concept of linear and non-linear partial differential equations,
Formation of first order partial differential equations.

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to

CLO-1: analyze the origin of first order partial differential equations, classification and
geometrical interpretation of PDEs.

CLO-2: classify the second order differential equations and ability to solve the
homogeneous & non-homogeneous linear partial differential equations.

CLO-3: solve the wave equation using separation of variables and integral transforms.

CLO-4: solution of Laplace equation in Cartesian and polar coordinates in Rectangular and
circular regions

CLO-5: solve the Diffusion equation on the whole line and half-line.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10

CLO1 3 1 2 3

CLO2 2 3 2 2 3




CLO3 2 3 2 2 2 3

CLO4 3 3

(O8]
(O8]
W

CLOS 2 2 3 3

Course Details:
Unit 1: First order partial differential equations: Basic definitions, Origin of PDEs, Classification,
Geometrical interpretation, Linear, quasi-linear, nonlinear Equations-Method of characteristics,
Lagrange method.
Unit 2: Second order partial differential equations: Definitions of Linear and Non-Linear
equations, Classification of second-order linear partial differential equations, Canonical forms of
equations in two independent variables, solutions of linear Homogeneous and non-homogeneous
with constant coefficients, Variable coefficients, Monge’s method.
Unit 3: Wave equation: Solution by the method of separation of variables and integral transforms,
wave equation in cylindrical and spherical polar coordinates.
Laplace equation: Solution by the method of separation of variables and integral transforms,
Solution by Cartesian and polar coordinates-Rectangular regions, circular regions.
Unit 4: Diffusion equation: Solution by the method of separation of variables and integral
transforms, Maximum Minimum principle for the diffusion equation, Diffusion equation on the
whole line, Diffusion on the half-line.
Course References:

. I. N. Sneddon (2006), Elements of partial differential equations, McGraw-Hill, New York.

. L Debnath (2007), Nonlinear PDE’s for Scientists and Engineers, Birkhauser, Boston.

. F. John (1971), Partial differential equations, Springer.

1
2
3
4. Jeftery Cooper (1998), Introduction to partial differential equations with matlab, Birkhauser,
5. Clive R Chester (1971), Techniques in partial differential equations, McGraw-Hill.

6. W. E. Williams (1980), Partial differential equations, Clarendon Press, Oxford.

7. Tyn Myint-U and Lokenath Debnath (2007), Linear Partial Differential Equations for
Scientists and Engineers, Fourth Edition, Birkhauser.

8. R.P. Agarwal and D. O'Regan (2009), Ordinary and Partial Differential Equations, Springer-
Verlag.

9. Ioannis P Stavroulakis and Stepan A Tersian (1999), Partial differential equations- an

introduction with mathematica and maple, world - Scientific, Singapore.




10. F. Treves (1975), Basic linear partial differential equations, Academic Press.

11. M.G. Smith(1967), Introduction to the theory of partial differential equations, Van Nostrand.

Course Code: PMATC20504 Title of the Course: Probability and Statistics
L-T-P: 3-1-0 Credits: 4

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to
CLO-1: determine the mean, standard deviation and mth moment of a probability
distribution.
CLO-2: find a curve of best fit for given data.
CLO-3: use the method of testing of hypothesis for examining the validity of a hypothesis.
CLO-4: estimate the parameters of a population from knowledge of statistics of a sample.
CLO-5: use the method of ANOVA for one factor experiments.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes

(PLOs) and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 2 2 1 2 3 1
CLO2 1 3 3 2 2 1 2 3 2
CLO3 2 3 2 3 2 2 1 2 3 2
CLO4 2 3 2 3 2 2 1 2 3 2
CLO5 1 3 1 3 2 2 2 2 3 2

Course Details:
Unit 1: Random variable and sample space - notion of probability - axioms of probability -

empirical approach to probability - conditional probability - independent events - Bayes’




Theorem- probability distributions with discrete and continuous random variables - joint
probability mass function, marginal distribution function, joint density function.
Unit 2: Mathematical expectation - moment generating function - Chebyshev’s inequality -
weak law of large numbers - Bernoulli trials - the Binomial, negative binomial, geometric,
Poisson, normal, rectangular, exponential, Gaussian, beta and gamma distributions and their
moment generating functions - fit of a given theoretical model to an empirical data.
Unit 3: Sampling and large sample tests - Introduction to testing of hypothesis - tests of
significance for large samples - chi-square test - SQC - analysis of variance - t and F tests -
theory of estimation - characteristics of estimation - minimum variance unbiased estimator -
method of maximum likelihood estimation.
Unit 4: Scatter diagram - linear and polynomial fitting by the method of least squares - linear
correlation and linear regression - rank correlation - correlation of bivariate frequency
distribution.
Reference Books:
1. S. C. Gupta and V. K. Kapur (2008), Fundamentals of Mathematical Statistics, S. Chand
& Sons, New Delhi, 2008.
2. V. K. Rohatgi and A.K. Md. Ehsanes Saleh (2001), An Introduction to Probability theory
and Mathematical Sciences, Wiley.
3. Richard A Johnson (2005), Probability and Statistics for Engineers, Pearson Education.

Course Code: PMAPC20500 Title of the Course: Computing Laboratory-II
L-T-P: 0-0-2 Credits: 2

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: understanding the basics of R software and its usage of commands.
CLO-2: understand the loading and retrieval techniques of data.
CLO-3: analyse, interpret correlation and regression, the underlying relationships between
different variables.
CLO-4: learn mathematical and statistical computations, programming and simulations.

CLO-5: writing the programs on probability and statistics using R programming.



Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 3 2 3 3 3 2
CLO2 2 3 3 3 3 3 3 3 2
CLO3 3 3 3 3 2 2 3 3 2
CLO4 3 3 2 3 3 3 3 3 2
CLOS 3 3 1 3 3 3 3 2 2

Course Details:

Unit-I (Introduction to R, R-Data Types and R-Function): Basic fundamentals, advantages of
R over other Programming Languages, R Studio: R command Prompt, R script file, comments,
installing a R Package and use of R-software, data editing, use of R as a calculator, functions and
assignments, functions and matrix operations, missing data and logical operators, conditional
executions and loops, data management with sequences, data management with repeats, sorting,
ordering, and lists. Vector indexing, factors, Data management with strings, display and

formatting.

Unit-II (Data Frames, Loading and Handling Data in R, Statistics and Data Analysis): Data
management with display paste, split, find and replacement, manipulations with alphabets,
evaluation of strings, data frames, import of external data in various file formats, statistical
functions, compilation of data, graphics and plots, statistical functions for central tendency,
variation, skewness and kurtosis, handling of bivariate data through graphics, correlations,
programming and illustration with examples. Writing the programs on probability and statistics

using R programming.

Reference Books:
1. Introduction to Statistics and Data Analysis - With Exercises, Solutions and Applications

in R By Christian Heumann, Michael Schomaker and Shalabh, Springer, 2016




. The R Software-Fundamentals of Programming and Statistical Analysis -Pierre Lafaye de
Micheaux, Rémy Drouilhet, Benoit Liquet, Springer 2013

. A Beginner's Guide to R (Use R) By Alain F. Zuur, Elena N. Ieno, Erik HW.G.
Meesters, Springer 2009

Sandip Rakshit, R Programming for Beginners, McGraw Hill Education (India), 2017,
ISBN : 978-93-5260-455-5.

Seema Acharya, Data Analytics using R, McGrawHill Education (India), 2018, ISBN: 978-
93-5260-524-8.

. Tutorials Point (I) simply easy learning, Online Tutorial Library (2018), R Programming,
Retrieved from https://www.tutorialspoint.com/r/r_tutorial.pdf. (Online Resource)

. Andrie de Vries, Joris Meys, R for Dummies, A Wiley Brand, 2nd Edition, John Wiley and
Sons, Inc, 2015, ISBN: 978-1-119-05580-8.



Semester-111

Course Code: PMATC30505 Title of the Course: Functional Analysis

L-T-P: 3-1-0 Credits: 4
Course Learning Outcomes (CLOs)

After studying this course the student will be able to

CLO-1: verify the requirements of a norm, completeness with respect to a norm, relation between

compactness and dimension of a space, check boundedness of a linear operator and relate to

continuity, convergence of operators by using a suitable norm, compute the dual spaces.

CLO-2: distinguish between Banach spaces and Hilbert spaces, decompose a Hilbert space in

terms of orthogonal complements, check totality of orthonormal sets and sequences, represent a

bounded linear functional in terms of inner product, classify operators into self-adjoint, unitary

and normal operators.

CLO-3: extend a linear functional under suitable conditions, compute adjoint of operators, check

reflexivity of a space, ability to apply uniform boundedness theorem, open mapping theorem and

closed graph theorem, check the convergence of operators and functional and weak and strong

convergence of sequences.

CLO-4: compute the spectrum of operators and classify the set into subclasses, show the spectrum

to be nonempty, give expansion of resolvent operator.

CLO-5: compute the spectrum of operators and classify the set into subclasses, show the spectrum

to be nonempty, give expansion of resolvent operator.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 1 2 2 1 3 1
CLO2 3 3 2 2 1 2 3 2
CLO3 3 3 2 2 1 1 3 2
CLO4 2 2 2 2 2 1 2 1
CLOS 2 2 1




Course Details:

Unit 1: Normed spaces, Holder’s inequality, Minkowski’s inequality, Banach spaces, Finite
dimensional normed spaces and subspaces, Compactness and finite dimension, Bounded and
continuous linear operators, Linear operators and functionals on finite dimensional spaces,
Normed spaces of operators, Dual spaces.

Unit 2: Hilbert spaces, projections on a Hilbert space, invariant subspace, Orthogonality of
projections. Orthogonal complements and direct sums, Bessel’s inequality, total orthonormal sets
and sequences, Representation of functionals on Hilbert spaces, Hilbert adjoint operators, Self-
adjoint, unitary and normal operators.

Unit 3: Hahn Banach theorems for real and complex normed spaces, Adjoint operator, Reflexive
spaces, Uniform boundedness theorem strong and weak convergence, Convergence of sequences
of operators and functionals, Open mapping theorem, Closed graph theorem.

Unit 4: Spectrum of an operator, Spectral properties of bounded linear operators, Nonemptiness
of the spectrum.

Course References:

1. G. Bachman and L. Narici (2000), Functional Analysis, Dover Publications.

2. R. Bhatia (2009), Notes on Functional Analysis, Hindustan Book Agency, India.

3. E. Kreyszig (2006), Introductory Functional Analysis with Applications, John Wiley & Sons,

India.

I

. M. Schechter (2001), Principles of Functional Analysis, Second Edition, American
Mathematical Society.

. G. F. Simmons (1998), Introduction to Topology and Modern Analysis, McGraw-Hill.

. B. V. Limaye (1998), Functional Analysis, Wiley Eastern.

. I.J. Maddox (1992), Elements of Functional Analysis, Cambridge Univ. Press, New Delhi.
.J. B. Conway (1985), A Course in Functional Analysis, GTM, Vol. 96, Springer,.
10. A. E. Taylor (1958), Introduction to Functional Analysis, Wiley, New York.

5
6
7. S. Kesavan, (2009), Functional Analysis, Trim series, Hindustan Book Agency.
8
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Course Code: PMATC30506 Title of the Course: Advanced Numerical Analysis
L-T-P: 3-1-0 Credits: 4
Prerequisite Course / Knowledge : Principles of floating-point computations, Errors: Roundoff
error, Local truncation error, Global truncation error, order of a method, convergence and terminal
conditions. Solution of nonlinear and transcendental equations: Bisection, Fixed point iteration,
Regula-Falsi, Secant, Newton-Raphson, Chebyshev’s and Muller’s methods. Solution of system
of nonlinear equations.
Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to
CLO-1: interpolate the given data and approximate the function by a polynomial. Develop the
applications of interpolation.
CLO-2: determine the numerical differentiation of a function.
CLO-3: evaluate the integrals numerically.
CLO-4: solve initial value problems numerically.
CLO-5: find the roots of nonlinear equations.
Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)

and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 1 3 2 2 3 2 3 1
CLO2 1 3 2 2 2 3 2 3 2
CLO3 1 3 1 2 2 2 3 2 3 2
CLO4 2 3 2 2 2 3 1 3 1
CLOS 2 3 2 2 2 3 2 3 2

Course Details:

Unit 1: Interpolation: Existence, Uniqueness of interpolating polynomial, error of interpolation
-unequally spaced data; Lagrange’s, Newton’s divided difference formulae. Equally spaced data:
finite difference operators and their properties, Gauss’s forward and backward formulae -Inverse
interpolation - Hermite interpolation. Differentiation: Finite difference approximations for first
and second order derivatives. Integration: Newton-cotes closed type methods; particular cases,
error terms - Newton cotes open type methods - Romberg integration, Gaussian quadrature;

Legendre, Chebyshev formulae.




Unit 2: Solution of nonlinear and transcendental equations: Regula-Falsi, Newton-Raphson
method, Chebyshev’s, method, Muller’s method, Birge-Vita method, solution of system of
nonlinear equations (Advanced Level). Approximation: Norms, least square (using monomials
and orthogonal polynomials), uniform and Chebyshev approximations.
Unit 3: Solution of linear algebraic system of equations: LU Decomposition, Gauss Seidal
methods; solution of tridiagonal system. Ill conditioned equations. Eigen values and Eigen vectors:
Power and Jacobi methods.
Unit 4: Solution of Ordinary differential equations: Initial value problems: Single step
methods; Taylor’s, Euler’s, Runge-Kutta methods, error analysis; Multi-step methods: Adams
Bashforth, Nystorm’s, Adams- Moulton methods, Milne’s predictor-corrector methods. System of
IVP’s and higher orders IVP’s.
Course References:

1. M.K. Jain, S.R. K Iyengar and R. K Jain (2008), Numerical Methods for Engineers and

Scientists, New Age International.
2. C.F. Gerald and P.O. Wheatley (1984), Applied Numerical Analysis, Addison-Wesley.
3. K. Atkinson (1978), Numerical Analysis, John Wiley, Singapore.

Course Code: PMATC30507 Title of the Course: Operations Research
L-T-P: 3-1-0 Credits: 4

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to

CLO-1: formulation of an LPP and understand graphical solution. Also, understand Optimization
models and apply them to real life problems.

CLO-2: determine the solution of an LPP by simplex methods.

CLO-3: application of post optimality analysis. Determine the solution of transportation and
assignment problems.

CLO-4: determine the characteristics of a queuing model.

CLO-5: determine the EOQ for an inventory model.



Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 3 3 2 2 2 3 3 2
CLO2 2 3 1 3 2 2 3 2 3 2
CLO3 1 3 2 3 2 2 2 3 3 2
CLO4 1 3 1 3 2 2 1 2 3 1
CLOS 2 3 1 3 2 2 1 2 3 2

Course Details:

Unit 1: Linear Programming: Lines and hyperplanes - convex sets, convex hull -Formulation of
a Linear Programming Problem - Theorems dealing with vertices of feasible regions and optimality
- Graphical solution - Simplex method ( including Big M method and two phase method) — Dual
problem - duality theory - dual simplex method - sensitivity analysis - revised simplex method -
parametric programming.

Unit 2: Transportation problem - existence of solution - degeneracy - MODI method (including
the theory). Assignment problem — travelling salesman problem.

Unit 3: Queuing theory: Characteristics of queueing systems - the birth and death process - steady
state solutions — single server model (finite and infinite capacities) - single server model (with
SIRO) - models with state dependent arrival and service rates- waiting time distributions.

Unit 4: Inventory Control: Inventory control for single commodity - deterministic inventory
models (without and with shortages) - Probabilistic inventory (both discrete and continuous)

control models.

Reference Books:
1. H. A. Taha (2014), Operations Research, An Introduction, PHI, New Delhi.
2. N. S. Kambo (1991), Mathematical Programming Techniques, East-West Pub., Delhi.




3. Kanti Swarup, P. K. Gupta and Man Mohan (2010), Operations Research, Sultan Chand and
Co, New Delhi.

J. C. Pant (2012), Introduction to Operations Research, Jain Brothers, New Delhi.

. H. M. Wagner (2010), Principles of Operations Research, PHI, Delhi.

<V I N

. J. C. Pant (2015), Introduction to Optimization: Operations Research, Jain Brothers, Delhi.

Course Code: PMAPC30501 Title of the Course: Computing Laboratory-I111
L-T-P: 0-0-2 Credits: 2

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to
CLO-1: understanding the basics of computational software (Mathematica & Matlab) and its
usage of commands. Also, learn to plot and visualize the general mathematical functions.
CLO-2: solve basic numerical and symbolic mathematics problems. Writing the programs on
Numerical methods using Mathematics. Also, perform the basic mathematical operations using
Matlab and solve the differential equations.
CLO-3: evaluate and visualize the Laplace transforms and inverse Laplace transforms of

functions including Heaviside’s, Dirac delta functions using Matlab.
CLO-4: evaluate the gradient, curl and divergence, line integrals and visualization.

CLO-5: apply the Matlab programming for optimization problems.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 2 2 2 2 1
CLO2 2 2 2 2 2 3 2 1
CLO3 2 3 2 1 1 3 1 1
CLO4 2 3 2 1 1 2 1 1
CLOS 3 3 3 3 3 2 1




Course Details:

This course is designed to familiarize students with the use of software resources commonly
utilized in the mathematical sciences. Students will learn how to use modern computing
environments such as Mathematica and Matlab for the purpose of symbolic and numerical problem
solving and visualization. Students will become acquainted with the syntax and usage of each
system through computer-aided lectures as well as through projects. The relative merits and
disadvantages of each system will also be discussed. Basic programming paradigms and concepts
will be introduced where appropriate. This course will also introduce to write the programs on

numerical methods and operations research using Mathematica and Matlab.

Unit 1: Introduction to Mathematica and to the Wolfram Language (knowl- edge-based language,
built-in support for real-world entities, Wolfram Alpha and the Wolfram Demonstrations Project).
Numerical and symbolic computations, Lists, strings, rules, patterns and pattern matching.
Working with matrices, creation of tables, plotting 2D, 3D graphs etc. Linear and polynomial
algebra. Exact and numerical optimization. Calculus and differential equations (analytic and

numerical solutions of ODEs and PDEs).

Unit 2: Basic Programs to be written in Mathematica on Conditional Control constructs, Loops,
User defined functions and Library functions, Arrays (Single and Multi-dimensional), Structures
etc. Mathematica programs on Numerical methods for finding solution of Algebraic and
Transcendental Equations, Interpolation, Numerical Differentiation & Numerical Integration and

Numerical solutions of Differential Equations.

Unit 3: Introduction to basic Matlab programming, matlab commands, plotting and visualizing the
general functions, understanding the concept of integration, evaluating the double and triple
integration, solving the first and higher order ordinary differential equations, evaluating the
maxima and minima of single and multi-variable functions, visualization. Evaluating Laplace
transforms and inverse Laplace transforms of functions including Heaviside’s, Dirac delta.
Evaluating the gradient, curl and divergence, line integrals, visualization. Practice the matlab

programs on optimization techniques.



Course References:

. Eugene Don (2009), Mathematica 2" edition, Schaums Outlines, McGraw-Hill.

S. Hassani (2009), Mathematical Methods Using Mathematica, Springer, New Y ork.

. For the Mathematica module: https://www.wolfram.com/language/elementary-introduction/

1
2
3
4.
5
6

https://www.wolfram.com/books/profile.cgi?1d=8962

. https://library.wolfram.com/infocenter/Books/4804/

. Rudra Pratap (2019), Getting Started with Matlab, A quick introduction for Scientists and

Engineers, Oxford University Press.

Raj Kumar Bansal (2009), Ashok Kumar Goel, Manoj Kumar Sharma, Matlab and its
Applications in Engineering, Pearson Education India.

Amos Gilat, Matlab (2011), An introduction with applications, 4" Edition, Wiley.

Misza Kalechman (2009), Practical Matlab Applications for Engineers, City University of
New York, CRC Press.

List of Discipline Specific Electives-I (III Semester)

Course code: PMATL30500 Title of the Course: Advanced Algebra
L-T-P: 3-0-0 Credits: 3

Prerequisite course/knowledge: Rings, Some special classes of rings (Integral domain, division

ring, field, maximal and prime ideals).

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to

CLO-1: design, analyze and implement the concepts of Gauss Lemma, Einstein’s irreducibility

criterion, separable extensions etc.

CLO-2: create, select and apply appropriate algebraic structures such as Galois extensions, Auto

morphisms of groups and fixed fields, Fundamental theorem

CLO-3: comprehend the important concepts and results of Rings and Ideals and apply standard

theorems on Homeomorphisms to algebraic problems.

CLO-4: prove deep theorems on different kinds of Ideals.

CLO-5: learn advanced concepts such as Artinian and Noetherian modules.


https://www.wolfram.com/language/elementary-introduction/
https://www.wolfram.com/books/profile.cgi?id=8962
https://library.wolfram.com/infocenter/Books/4804/

Mapping of Course Learning QOutcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 3 1 2 1 1 1 3 1
CLO2 |3 2 3 1 2 1 1 1 3 1
CLO3 |3 2 3 1 2 1 1 1 3 1
CLO4 |3 2 3 1 2 1 1 1 3 1
CLOS5 |3 2 3 1 2 1 1 1 3 1

Course Details:

Unit 1: Extension fields, Finite and Algebraic extensions. Degree of extension, Algebraic elements
and algebraic extensions, Adjunction of an element of a field. Roots of a polynomial, Splitting
fields, Construction with straight edge and compass more about roots, Simple and separable
extensions, Finite fields.

Unit 2: Elements of Galois Theory, Fixed fields, Normal extension, Galois groups over the
rationales.

Unit 3: The prime spectrum of a ring, the nil radical and Jacobson, radical, operation on ideals,
extension and contraction. Modules - Modules and modules homomorphism’s, submodules and
quotient modules, Direct sums, Free modules Finitely generated modules, Nakayama Lemma,
Simple modules, Exact sequences of modules.

Unit 4: Modules with chain conditions - Artinian and Noetherian modules, modules of finite
length, Artnian rings, Noetherian rings, Hilbert basis theorem. References:

1. M. F. Atiyah and I. G. Macdonald — Introduction to Commutative Algebra, Addison-Wesley.
(Part A)

2. I. N. Herstein: Topics in Algebra, 2nd Edition, Vikas Publishing House, 1976. (Part B)

3. C. Musili: Introduction to Rings and Modules, Narosa Publishing House, 1997.

4. Miles Reid — Under-graduate Commutative Algebra, Cambridge University Press, 1996.

5. M. Artin: Algebra, Prentice Hall of India, 1991.

6. N. Jacobson: Basic Algebra-1, HPC, 1984.

7.J. B. Fraleigh: A first courses in Algebra, 3rd edition, Narosa 1996.




Course Code: PMATL30501 Title of the Course: Classical Mechanics
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: understanding the basic concepts of Mechanics to develop the equations of motion for
a system of particles
CLO-2: analyse the motion of a rigid body under translation.
CLO-3: analyse the motion of a rigid body under rotation about a fixed point.
CLO-4: develop Euler’s and Lagrange’s equations of motion

CLO-5: develop Hamiltonian equation of motion

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 2 1 1 1 3 1
CLO2 1 3 1 3 2 1 1 1 3 1
CLO3 1 3 1 2 2 1 1 1 3 2
CLO4 2 3 2 2 1 1 1 3 2
CLOS 1 3 2 2 1 1 2 3 1

Course Details:

Unit 1: Generalized coordinates, the Principle of least action, Galileo’s relativity principle, the
Lagrangian for a free particle, Lagrangian for a system of particle, energy, momentum, centre of
mass, angular momentum, motion in one dimension, determination of the potential energy from
the period of oscillation, the reduced mass, motion in a central field.

Unit 2: Free oscillation in one-dimension, angular velocity, the inertia tensor, angular momentum
of a rigid body, the equation of motion of a rigid body, Eulerian angle, Euler’s equation.

Unit 3: The Hamilton’s equation, the Routhian, Poisson brackets, the action as a function of the

coordinates, Maupertui’s principle.




Unit 4: The Canonical transformation, Liouville’s theorem, the Hamiltonian — Jacobi equation,

separation of the variables, adiabatic invariants, canonical Variables.

Reference Books:
1. F. Chorlton (1985), Textbook on Dynamics, CBS Pubs, New Delhi.
2. L. D. Landau and E. M. Lifshitz (1984) - Mechanics, (Third Edition), Butter worth —
Heinenann.
. J. L. Synge and B. A. Griffith (1987), Principles of Mechanics, McGraw Hill.
G. R. Fowles and G. L. Cassiday (2004), Analytical Mechanics, Cengage.

3

4

5. Herbert Goldstein, Classical mechanics, Narosa.

6. K. C. Gupta, Classical mechanics of particles and Rigid Bodies, Wiley Eastern.
7

. M. G. Calkin, Lagrangian and Hamiltonian Mechanics, World Scientific.

Course code: PMATL30502 Title of the Course: Number Theory
L-T-P: 3-0-0 Credits:3
Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will able to
CLO-1: understand better the distribution of prime numbers.
CLO-2: learn different arithmetical functions and apply to the distribution to lattice point visible
from the origin.
CLO-3: understand finite and infinite continued fractions.
CLO-4: learn some of the fundamental results in the number theory due to Euler, Jacobi and
Ramanujan.

CLO-5: work effectively as part of a group to solve challenging problems in Number Theory.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO
1 2 3 4 5 6 7 8 9 10

CLO1 |3 2 1 2 3 1 1 1 3 1




CLO2 |3 2 1 2 3 1 1 1 3 1
CLO3 |3 2 1 2 3 1 1 1 3 1
CLO4 |3 2 1 2 3 1 1 1 1 1
CLOS |3 2 1 2 3 1 1 1 1

Course Details:
Unit 1: Prime numbers, The Fundamental theorem of Arithmetic, The series of Reciprocals of
primes, The Euclidean Algorithm. Fermat and Mersenne numbers. Farey series, Farey dissection
of the continuum, Irrational numbers-Irrationality of m™ root of N, e and =.
Unit 2: Arithmetical Functions — The Mobius function, The Euler' function and Sigma function,
The Dirichlets product of Arithmetical functions, Multiplicative functions. Averages of
Arithmetical functions — Euler summation formula, Some elementary asymptotic formulas, The
average orders of d(n), o(n), ¢(n), w(n). An application to the distribution of lattice points visible
from the origin.
Unit 3: Continued fractions - Finite continued fractions, Convergent of a continued fraction,
Continued fractions with positive quotients. Simple continued fractions, The representation of an
irreducible rational fraction by a simple continued fraction. The continued fraction algorithm and
Euclid's algorithm. The difference between the fraction and its convergents, Infinite simple
continued fractions, the representation of an irrational number by an infinite continued fraction,
Equivalent numbers and periodic continued fractions, some special quadratic surds, The Riemann
zeta function and Dirichlets theorem.
Unit 4: Introduction to partitions, geometric representation, generation functions, Euler’s
pentagonal number theorem, Jacobi triple product identity, recurrence formula for p(n),
Ramanujan’s congruences-p(5n + 4) = 0 (mod 5), p(7n+5) = 0 (mod 7) and p(11n + 6) =
0 (mod11).
Course References:

1. G.E. Andrews (1976), The Theory of Partitions, Addison Wesley.

2. G. H. Hardy and E. M. Wright (1979), An Introduction to Theory of Numbers, Oxford

University Press, SthEd.
3. L Niven, H. S. Zuckerman and H. L. Montgomery (2004), An Introduction to the Theory of
Numbers, New York, John Wiley and Sons, Inc., SthEd.




4. Bruce C. Berndt — Ramanujan's Note Books Volume-1 to 5, Springer.
5. G. E. Andrews (1995), Number Theory, Dover Books.
6. T. M. Apostol, Introduction to Analytic Number Theory, Narosa Publishing House, New

Delhi.
Course Code: PMATL30503 Title of the Course: Mathematical Modeling
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to

CLO-1: understand what a mathematical model is and explain the series of steps involved in a
mathematical modelling process.

CLO-2: explain the essential features of a good model and discuss the benefits of using a
mathematical model.

CLO-3: identify some simple real-life problems that can be solved using mathematical models,
model the problem(s), solve the resulting problem, and interpret the solution.

CLO-4: mention and discuss some applications of mathematical modelling in solving problems
in engineering, physical, biological, social and behavioral sciences.

CLO-5: acquire basic mathematical modelling skills that will enable them carry out simple
modelling tasks individually or as a group.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 ) 6 7 8 9 10
CLO1 3 3 2 2 2 1 1
CLO2 3 3 3
CLO3 1 2 2 2
CLO4 1 2 2 2 2
CLOS 5 2 2 3

Course Details:
Meaning of first and second order ordinary derivatives — slope of a tangent and curvature.

Connecting these concepts to practical observation. Basic concepts. Real world problems,




(Physics, Chemistry, Biology, Economics, and others) Approximation of the problem, Steps
involved in modeling. Microbial population models — Single species nonage-structured population
models — age structured population models — two species population models — multispecies
population models — optimal exploitation models — epidemic models — models in genetics —
mathematical models in pharmacokinetics — models for blood flows — models for other biofluids
— diffusion and diffusion reaction models — optimization models in biology and medicine.
Course References:

1. J. N. Kapur : Mathematical Moodelling, Wiley Eastern Ltd., 1998.

2. W.J.Meyer, Concepts of Mathematical Modelling, McGraw Hill, Tokyo, 1985.

3. Neil Gerschenfeld : The nature of Mathematical modeling, Cambridge Univeristy Press, 1999.
4. A. C. Fowler : Mathematical Models in Applied Sciences, Cambridge Univeristy Press, 1997.

Course code: PMATL30504 Title of the Course: Graph Theory
L-T-P: 3-0-0 Credits:3

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to

CLO-1: know some important classes of graph theoretic problems
CLO-2: formulate and prove central theorems about trees, matching, connectivity, colouring and

planar graphs

CLO-3: describe and apply some basic algorithms for graphs

CLO-4: use graph theory as a modelling tool

CLO-5: discuss and understand the importance of the concepts of Coverings and Independence.
Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 1 1 1 1 1 2 3 1
CLO2 |3 1 1 2 1 1 1 2 3 1
CLO3 |3 2 1 1 1 1 1 2 3 1
CLO4 |3 2 1 2 1 1 1 2 3 1
CLOS5 |3 2 1 2 1 1 1 2 3 1




Course Details:
Unit 1: Connectivity: - Cut- vertex, Bridge, Blocks, Vertex-connectivity, Edge-connectivity and
some external problems, Mengers Theorems, Properties of n-connected graphs with respect to
vertices and edges. Planarity: - Plane and Planar graphs, Euler Identity, Non planar graphs,
Maximal planar graph Outer planar graphs, Maximal outer planar graphs, Characterization of
planar graphs, Geometric dual, Crossing number.
Unit 2: Colorability: - Vertex Coloring, Color class, n-coloring, Chromatic index of a graph,
Chromatic number of standard graphs, Bichromatic graphs, Colorings in critical graphs, Relation
between chromatic number and clique number/independence number/maximum degree, Edge
coloring, Edge chromatic number of standard graphs Coloring of a plane map, Four color problem,
Five color theorem, Uniquely colorable graph. Chromatic polynomial. Matchings and
factorization: -Matching- perfect matching, augmenting paths, maximum matching, Hall’s
theorem for bipartite graphs, the personnel assignment problem, a matching algorithm for bipartite
graphs, Factorizations, 1-factorization, 2-factorization. Partitions-degree sequence, Havel’s and
Hakimi algorithms and graphical related problems.
Unit 3: Directed Graphs: - Preliminaries of digraph, Oriented graph, in degree and out degree,
Elementary theorems in digraph, Types of digraph, Tournament, Cyclic and transitive tournament,
Spanning path in a tournament, Tournament with a Hamiltonian path, strongly connected
tournaments.
Unit 4: Domination concepts and other variants: - Dominating sets in graphs, domination number
of standard graphs, Minimal dominating set, Bounds of domination number in terms of size, order,
degree, diameter, covering and independence number, Domatic number, domatic number of
standard graphs.
References:

1. F. Harary: Graph Theory, Addison -Wesley,1969

2. G. Chartrand and Ping Zhang: Introduction to Graph Theory. McGraw-Hill, International

edition (2005)
3. J. A. Bondy and V. S. R. Murthy: Graph Theory with Applications, Macmillan, London,
(2004)
4. D. B. West, Introduction to Graph Theory, Pearson Education Asia, 2nd Edition, 2002.
5. Charatrand and L. Lesnaik-Foster: Graph and Digraphs, CRC Press (Third Edition), 2010.



6. T.W. Haynes, S.T. Hedetneime and P. J. Slater: Fundamental of domination in graphs,
Marcel Dekker. Inc. New York.1998.

7. J. Gross and J. Yellen: Graph Theory and its application, CRC Press LLC, Boca Raton,
Florida, 2000. 5. Norman Biggs: Algebraic Graph Theory, Cambridge University Press
(2nd Ed.)1996.

8. Godsil and Royle: Algebraic Graph Theory: Springer Verlag, 2002.

9. N. Deo: Graph Theory: Prentice Hall of India Pvt. Ltd. New Delhi — 1990.

Course Code: PMATL30505 Title of the Course: Tensor Analysis
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: understanding the basic definitions of tensors.
CLO-2: analyse the applications of tensors.
CLO-3: expose students to mathematical applications of tensor algebra to handle diverse problems
which occur in real life situations.
CLO-4: competently use tensor algebra as a tool in the field of applied sciences and related fields.

CLO-5: develop the concepts of tensors.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 2 1 1 2 3 1
CLO2 1 3 3 2 2 2 2 2 2
CLO3 1 3 1 2 2 2 1 2 2 2
CLO4 1 3 1 2 2 2 1 2 2 2
CLOS 2 3 1 2 2 2 1 2 3 2




Course Details:

Unit 1: N-dimensional space, summation convention and indicial notation, coordinate
transformation and Jacobian, covariant and contravariant vectors, contraction.

Unit 2: Second and higher order tensors, quotient law, fundamental tensor, associate tensor etc.
Unit 3: Angle between the vectors, principal directions, Christoffel symbols, parallel propagation
of vectors.

Unit 4: Covariant and intrinsic derivatives, geodesics. Curvature tensor and its properties, Bianchi
identity, Curl, Divergence and Laplacian operators in tensor form, Physical components.

Applications of tensors.

Reference Books:

1. Barry Spain, Tensor Calculus, Dover Publications, 2003.

2. K.K. Dube, Differential Geometry and Tensors, LK. Int. Publ. house Pvt. Ltd. New
Delhi, 2009.

3. B.P. Singh et al., Differential Geometry and Tensor analysis, Krishna Prakashan,
Meerut, 2013.

Course code: PMATL30506 Title of the Course: Matrix Analysis
L-T-P: 3-0-0 Credits:3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to

CLO-1: understand various type of norms on vectors and matrices and some operator norms in
finite dimensional normed spaces.

CLO-2: estimate errors in perturb solutions of systems of linear equations.

CLO-3: understand the importance of generalization of dot products in vector spaces.

CLO-4: calculate various decompositions of a matrix and their usefulness.

CLO-5: work effectively for finding solutions and least square solutions of systems of linear

equations.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)



PLO |PLO |PLO |PLO |[PLO |PLO |PLO |PLO |PLO |PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |2 3 2 2 3 2 3 2 3 2
CLO2 |2 3 2 3 3 2 2 1 1 2
CLO3 |3 3 1 2 2 2 3 1 3 3
CLO4 |2 3 2 3 2 1 2 2 3 1
CLOS | 2 3 2 3 2 2 2 2 3 2

Course Details:
Unit-1: Norms of vectors and matrices, properties of matrix norms, stability and ill-conditioning.

Unit-2: Introduction to eigenvalues and eigenvectors, diagonalization, Jordan decomposition,
functions of matrices.

Unit-3: Inner product spaces, QR method linear least-squares problems, normal equations, Moore-
Penrose inverse, rank deficient least-squares problems, sensitivity analysis.

Unit-4: Special matrices and their properties: hermitian, normal, positive definite matrices; Schur's
decomposition, reduction of matrices to Hessenberg and tridiagonal forms; QR decomposition,
SVD and its applications.

References:

1. G. H. Golub and C.F.Van Loan: Matrix Computation, 3rd Edn., Hindustan book agency, 2007.
2. Roger A. Horn and Charles R. Johnson: Matrix Analysis, 2" Edn., Cambridge University Press,
2012

3. L. N. Trefethen and David Bau: Numerical Linear Algebra, SIAM, 1997.

4. Rajendra Bhatia: Matrix Analysis. Matrix Analysis Series. Vol. 169

Course Code: PMATL30507 Title of the Course: Fuzzy Sets and Fuzzy logic
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to

CLO-1: understand basic knowledge of the Fuzzy sets, operations and their properties.



https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Roger+A.+Horn%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Charles+R.+Johnson%22
https://books.google.com/books?id=F4hRy1F1M6QC&q=matrix+analysis

CLO-2: understand the fundamental concepts of Fuzzy functions and Fuzzy logic.

CLO-3: determine the maximum and minimum of fuzzy functions.

CLO-4: understand the concepts of classical logic, multi-valued logics, Fuzzy quantifiers,
linguistic hedges.

CLO-5: apply the concepts of Fuzzy sets in image processing, Pattern reorganization and

decision making.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Qutcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 3 3 2 2 1 3 1
CLO2 3 3 1 3 2 2 1 2 1
CLO3 3 3 2 3 2 2 2 3 1
CLO4 3 3 1 3 2 2 1 2 1
CLOS 2 3 1 3 2 2 3 2 3

Course Details:

Unit 1: Basic concepts of fuzzy set, t-norm, t-conorms, membership function, a-cut, Algebra of
fuzzy sets, distance between fuzzy sets, fuzzy relation. Fuzzy numbers, Arithmetic operations of
fuzzy numbers, Extension principle, Interval arithmetic, Defuzzification.

Unit 2: Fuzzy valued functions, fuzzy equations, fuzzy inequalities, system of fuzzy. Linear
equations, maximum and minimum of fuzzy functions.

Unit 3: Classical Logic — Multi-valued Logics — Fuzzy Propositions — Fuzzy Quantifiers —
Linguistic hedges — Inference from conditional Fuzzy proposition.

Unit 4: Fuzzy sets in Decision making, Optimization in Fuzzy environment, Fuzzy set application

in image processing , Fuzzy set application in Pattern reorganization.

Course References:
1. George J.Klir and Bu Yuan, Fuzzy sets and Fuzzy logic Theory and applications, Prentice

Hall of India, New Delhi.




2. Didier Bubois and Henri Prade , Fuzzy sets and systems , Academic Press.
3. James J Buckley, Esfandiar Eslami ,An Introduction to Fuzzy logic and Fuzzy sets, Springer.
4. J. C. Pant (2012), Introduction to Operations Research, Jain Brothers, New Delhi.
5. H.J.Zimmernman, Fuzzy set theory and application (Allied Publication in Association with
KLUWER).
Course code: PMATL30508 Title of the Course: Fractional Calculus
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)

After completing this course successfully, the students will be able to:

CLO-1: Understand the basic concept of fractional calculus and appreciate the

CLO-2: Understand the differences and similarities between the classical derivatives and
fractional derivatives.

CLO-3: Analyse the existence and uniqueness of the solution of fractional differential equations.
CLO-4: Solve linear fractional differential equations analytically.

CLO-5: Students will learn how to implement and use these theories to solve real world

problems/applications.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 | 1 3 2 3 3 3
CLO2 |3 2 3 3 3
CLO3 3 2
CLO4 |3 2 2 1 2 1 1
CLOS 3

Course Details:

Prerequisites: Differential and Integral Calculus




Unit-I: Special functions of fractional calculus: Gamma function, Mittag-Leffler function, Wright
function. Fractional derivatives and integrals: Grunwald-Letnikov fractional derivatives,
Riemann-Liouville fractional derivatives, Caputo’s fractional derivatives, geometric and physical
interpretation of fractional integration and differentiation, sequential fractional derivatives,
properties of fractional derivatives: Linearity, differintegration term by term, homogeneity, scale
change Leibniz’s rule, chain rule.

Unit-II: Laplace, Fourier and Mellin transforms of fractional derivatives. Linear fractional
differential equations: Equation of a general form, existence and uniqueness theorem as a method
of solution, dependence of a solution on initial conditions, Laplace transform method, standard
fractional differential equations, sequential fractional differential equations.

Unit-IIT: Some methods for solving fractional order equations: Mellin transform, power series,
orthogonal polynomials, numerical evaluation of fractional derivatives, approximation of
fractional derivatives.

Unit-IV: Able’s fractional integral equation- the Tautochrone problem, fractional damped motion,
semi-infinite line in circuits -semi-differentiator circuit.

Course References:

1. The Fractional Calculus. K. B. Oldham and J. Spanier. Dover Publications, USA, 2006.

2. Theory and Applications of Fractional Differential Equations, Kilbas, H. M. Srivastava, and J.
J. Trujillo. Elsevier, Netherlands, 2006.

3. Fractional Differential Equations, Podlubny, Academic Press, USA, 1999.

4. Fractional-order Systems and Control: Fundamentals and Applications , C. A. Monje, Y. Q.
Chen, B. M. Vinagre, D. Xue, and V. Feliu. Springer-Verlag London Limited, UK, 2010.

5. Fractional Calculus in Bioengineering, R. L. Magin. Begell House Publishers, USA, 2006.

6. Fractional Order Systems: Modeling and Control Applications, R. Caponetto, G. Dongola, L.
Fortuna, and I. Petras. World Scientific, Singapore, 2010.

7. An Introduction to the Fractional Calculus and Fractional Differential Equations.,K. S. Miller
and B. Ross. John Wiley & Sons, USA, 1993.

8. Functional Fractional Calculus for System Identification and Controls, S. Das. Springer,
Germany, 2011.

9. Fractional Calculus for Scientists and Engineers, M. D. Ortigueira. Springer, Germany, 2011.



10. Fractional-Order Nonlinear Systems: Modeling, Analysis and Simulation, Petras. Springer,
USA, 2011.
11. Basic Theory of Fractional Differential Equations, Y. Zhou, World Scientific, 2014.

List of Discipline Specific Electives-1I (III Semester)

Course Code: PMATL30509 Title of the Course: Finite Difference Methods

L-T-P: 3-0-0 Credits: 3
Course Learning Outcomes (CLOs)

After studying this course the student will be able to

CLO-1: solve the linear and non-linear initial value problems in ordinary differential equations

using the shooting method.

CLO-2: solve the linear and non-linear initial value problems in ordinary differential equations

using the explicit and implicit multistep methods.

CLO-3: solve the heat equation, wave equation and the Laplace equation in one dimensional and

2- dimensional space using the finite difference methods.

CLO-4: find the stability, convergence and the error analysis of the finite difference methods.

CLO-5: extend their knowledge of finite difference techniques for further exploration of the

subject for going into research.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 1 2 2 1 2
CLO2 3 3 2 2 2 2 1 2
CLO3 3 3 3 3 2 2 3
CLO4 3 3 2 2 2 1 3
CLOS 2 2 2 2 3 2




Course Details:

Unit 1: Multistep (Explicit and Implicit) methods for Initial value problems, stability and

convergence analysis, linear and nonlinear boundary value problems, shooting methods.

Unit 2: Finite difference approximations for ordinary derivatives and finite difference scheme for

ordinary differential equations with explicit boundary conditions, implicit boundary conditions,

error analysis, stability analysis, convergence analysis.

Unit 3: Finite difference approximations for partial derivatives and finite difference schemes for

Parabolic equations: Schmidt’s two level, multilevel explicit methods, Crank-Nicolson’s two

level, multilevel implicit methods, Dirichlet’s problem, Neumann problem, mixed boundary value

problem.

Unit 4: Hyperbolic Equations: Explicit methods, implicit methods, one space dimension, two

space dimensions, ADI methods. Elliptic equations: Laplace equation, Poisson equation, iterative

schemes, Dirichlet’s problem, Neumann problem, mixed boundary value problem, ADI methods

Course Reference:

1. M.K. Jain (1985), Numerical Solution of Differential Equations, Wiley Eastern, Delhi.

2. G.D. Smith (2004), Numerical Solution of Partial Differential Equations, Oxford University
Press.

3. M.K. Jain, S.R.K. Iyengar and R.K. Jain (2002), Computational Methods for Partial
Differential Equations, Wiley Eastern.

4.]. D. Lambert (1991), Numerical methods for Ordinary Differential equations, John Wiley &
Sons.

5. P. Henrici (1962), Discrete Variable Methods in Ordinary Differential Equations, John Wiley
& Sons, New York.

6. Richard K. Miller (1991), Introduction to Differential Equations, Prentice Hall, New Jersey.

7. J. D. Hoffman (2000), Numerical methods for Engineers and Scientists, Mc-Graw Hill.

Course code: PMATL30510 Title of the Course: Fluid Dynamics
L-T-P: 3-0-0 Credits:3
Course Learning Outcomes (CLOs)

After completing this course successfully, the students will be able to:



CLO-1: Understand the fundamental fluid dynamics concepts, including fluid properties, flow
types, and governing principles.

CLO-2: Explain Euler’s and Bernoulli’s equations and apply them to analyze practical fluid flow
scenarios.

CLO-3: Apply the Milne-Thomson circle theorem and Blasius theorem to solve real-world flow
problems involving potential and external flows.

CLO-4: Distinguish between Newtonian and non-Newtonian fluids and analyze their behavior
using the equations of momentum and energy.

CLO-5: Formulate and solve real-world engineering problems using the Navier—Stokes equations

for viscous fluid flow.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 3 1 3 2 3 2 2
CLO2 |3 3 2 2 3 2 3
CLO3 |2 2 3 2 2 2
CLO4 |3 2 2 2 1 3
CLOS |2 2 1 2 2 3 2 2

Course Details:

Unit-1: Introduction, classification of fluids, methods of describing fluid motion, velocity of a
fluid at a point, stream lines and path lines, steady and unsteady flows, the velocity potential, the
velocity vector, local and particle rates of change, the equation of continuity, acceleration of fluid,
conditions at a rigid boundary.

Unit-2: Euler's equation of motion, Bernoulli's equation and its applications, complex potential,
sources, sinks, doublets and vortices, stream functions, the Milne-Thomson circle theorem, the

theorem of Blasius, applications.




Unit-3: Stress and strain analysis, Newton’s law of viscosity, Newtonian and non-Newtonian
fluids, derivation of Navier—Stokes equations, non-dimensional numbers (Reynold’s, Mach,
Prandtl, Eckert, Grashoff, etc), applications.

Unit-4: Couette flow, Poiseuille flow, laminar flow between two coaxial circular cylinders,
laminar flow between two concentric rotating cylinders, laminar flow of viscous incompressible

fluid in tubes of cross section other than circular. Introduction to boundary layer theory.

Course References:

1. Frank Chorlton (2004), Fluid Dynamics, CBS Publishers, Delhi.

2. S. W. Yuan(1976), Foundations of Fluid Mechanics, Prentice Hall.

3. C.S.Y1h(1969), Fluid Mechanics, McGraw-Hill.

4. G. K. Batchelor (2000), An Introduction to Fluid Dynamics, Cambridge.

5. D. Tritton (1977), Physical Fluid Dynamics, Oxford.

6. L. M.Milne Thomson (1960), Theoretical Hydrodynamics, Macmillan Company, New York.
7. R.W. Fox, P.J. Pritchard and A.T. McDonald (2009), Introduction to Fluid Mechanics,
Seventh Edition, John Wiley & Sons.

8. P.K. Kundu, .M. Cohen, D.R. Dowling (2016), Fluid Mechanics, Sixth Edition, Academic
Press.

9. H. Schlichting and K.Gersten (2016), Boundary Layer Theory (9 Edition), Springer.

Course code: PMATL30511 Title of the Course: Differential Geometry
L-T-P: 3-0-0 Credits:3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: explain the concepts and language of differential geometry and its role in modern
mathematics.
CLO-2: analyze and solve complex problems using appropriate techniques from differential
geometry.
CLO-3: apply problem-solving with differential geometry to diverse situations in physics,

engineering or other mathematical contexts.



CLO-4: apply differential geometry techniques to specific research problems in mathematics or
other fields.

CLO-5: compute quantities of geometric interest such as curvature, as well as develop a facility
to compute in various specialized systems, such as semi geodesic coordinates or ones representing

asymptotic lines or principal curvatures.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 2 2 2 2 1 1 1 1
CLO2 |3 2 2 2 2 2 1 1 2 1
CLO3 |3 2 2 2 2 2 1 1 1 1
CLO4 |3 2 2 2 2 2 1 1 1 1
CLOS |3 2 2 2 2 2 1 1 1 1

Course Details:
Unit 1: Plane curves and Space curves — Frenet-Serret Formulae. Global properties of curves —
Simple closed curves, The isoperimetric inequality, The Four Vertex theorem. Surfaces in three
dimensions — Smooth surfaces, Tangents, Normals and Orientability, Quadric surfaces.
UNIT 2: The First Fundamental form — The lengths of curves on surfaces, [sometries of surfaces,
Conformal mappings of surfaces, Surface area, Equiareal Maps and a theorem of Archimedes.
UNIT 3: Curvature of surfaces — The Second Fundamental form, The Curvature of curves on a
surface, Normal and Principal Curvatures.
UNIT 4: Gaussian Curvature and The Gauss’ Map — The Gaussian and The Mean Curvatures,
The Pseudo sphere, Flat surfaces, Surfaces of Constant Mean Curvature, Gaussian Curvature of
Compact surfaces, The Gauss’ Map.
References:

1. Pressley, Elementary Differential Geometry, Under-graduate Mathematics Series,

Springer.
2. T.J. Willmore, An Introduction to Differential Geometry, Oxford University Press.
3. D. Somasundaram, Differential Geometry: A First Course, Narosa, 2000.

4. M. doCarmo, Differential Geometry of Curves and Surfaces, Prentice Hall, 1976.




5. O'Neill, Elementary Differential Geometry, Academic Press, New York,1966.
6. J.J. Stoker, Differential Geometry, Wiley-Interscience, 1969.
7. J.A. Thorpe, Elementary Topics in Differential Geometry, Springer (India), 2004.

Course Code: PMATL30512 Title of the Course: Continuum Mechanics
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to

CLO-1: understand the concept of components of a tensor, Transpose of a tensor, Symmetric &
Anti-symmetric tensor, Principal values and directions.

CLO-2: understand and apply the concepts Rate of deformation, Conservation of mass,
Compatibility conditions.

CLO-3: understand the Principal Stresses, Equations of motion, Boundary conditions.

CLO-4: understand the concepts of Isotropic solid and Equations of infinitesimal theory.

CLO-5: solve the Examples of elastodynamics electrostatics.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 3 2 1 2 1
CLO2 3 3 3 2 1 2 1
CLO3 3 2 2 2 1 2 1
CLO4 3 3 3 2 1 2 1
CLOS 3 3 2 2 1 2 1

Course Details:

Unit-1: Tensors: Summation Convention, Components of a tensor, Transpose of a tensor,
Symmetric & anti-symmetric tensor, Principal values and directions, Scalar invariants.

Unit-2: Kinematics of a Continuum: Material and Spatial descriptions, Material derivative,
Deformation, Principal Strain, Rate of deformation, Conservation of mass, Compatibility

conditions.




Unit-3: Stress: Stress vector and tensor, Components of a stress tensor, Symmetry, Principal
Stresses, Equations of motion, Boundary conditions.
Unit-4: Linear Elastic Solid: Isotropic solid, Equations of infinitesimal theory, Examples of
elastodynamics electrostatics.
Course References:

I. W.M. Lai, Rubin D. and Krempel E. (1974), Introduction to Continuum Mechanics,

Pergamon Unified Engineering Series,

2. S.C. Hunter (1983), Mechanics of Continuous Media, Ellis Harwood Series.

3. T.J.Chung (1988), Continuum Mechanic, Prentice Hall.

4. D.S. Chandrasekhraiah and Loknath Debnath (1995), Contiuum Mechanics, Academic Press.

Course code: PMATL30513  Title of the Course: Ramanujan’s Theta Functions
L-T-P: 3-0-0 Credits:3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: know the importance of Jacobi’s triple product identity and Ramanujan’s continued
fractions.
CLO-2: prove deep theorems on g-series.
CLO-3: discuss and understand the importance of the concepts of Ramanujan’s mathematics.
CLO-4: understand some theta function identities mentioned in the Chapter 16 of Ramanujan’s
notebook III.
CLO-5: work effectively as part of a group to solve challenging problems in Number Theory.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO | PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 1 2 1 1 1 1 1
CLO2 |3 2 1 2 1 1 1 1 1
CLO3 |3 2 1 2 1 1 1 1 1
CLO4 |3 2 1 2 1 1 1 1 1
CLOS |3 2 1 2 1 1 1 1 1




Course Details:

Unit-1: Ramanujan's general theta-function, special cases and their relations, g-series and infinite
products, Jacobi triple product identity.

Unit-2: Schréter's formulae and theta-function identities and Ramanujan’s Modular equations.
Unit-3: Class invariants, Evaluation of class invariants, Explicit values of theta-functions.
Unit-4: Ramanujan's continued fractions and explicit values.

References:

1. Berndt, B. C. Number Theory in the Spirit of Ramanujan (AMS, 2006).

2. Andrews, George E., The Theory of Partitions (Addition-Wesley, Reading, MA, 1976).

3. Berndt, Bruce C., Ramanujan's Notebooks, Part I1I, IV and V (Springer, 1991, 1994, 1998).

4. Whittaker, E. T. and Wilson, G. N., A Course in Modern Analysis (Cambridge University
Press, Cambridge, 1966. Indian edition is published by Universal Book Stall, New Delhi,
1991).

5. Agarwal, R. P., Resonance of Ramanujan's Mathematics, Vol. I & II (New Age
International (P) Limited, New Delhi, 1996).

6. Hardy, G. H., Ramanujan (AMS-Chelsea, New York 1999).

Course Code: PMATL30514 Title of the Course: Lie Group Theory and Applications
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: understand basic knowledge of group, group of transformations.
CLO-2: understand the fundamental concepts Lie group, infinitesimal generators, invariant
functions, canonical coordinates.
CLO-3: understand the fundamental invariance curves, invariant surfaces, invariant point,
mapping of curves and surfaces, canonical coordinates.
CLO-4: determination of first order ordinary differential equations invariant under a given group.

CLO-5: determination of higher order ordinary differential equations invariant under a given

group.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)



PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 1 3 2 1 1 2 1
CLO2 3 3 1 3 2 1 1 2 1
CLO3 3 3 1 3 2 1 2 3 1
CLO4 2 3 1 3 2 2 3 3 3
CLOS 2 3 1 3 2 2 3 3 3

Course Details:

Unit 1: Basic concepts of group, group of transformations, one-parameter Lie groups of
transformations. Fundamental theorems of Lie group, infinitesimal generators, invariant functions,
canonical coordinates.

Unit 2: Extended group of point transformations, extended infinitesimal transformations for one
independent variable and one dependence variable, n independent variable and one dependence
variable, n independent variable and n dependence variable; multi point Lie group of
transformations, Lie algebras, solvable lie algebras.

Unit 3: Invariance curves, invariant surfaces, invariant point, mapping of curves and surfaces,
canonical coordinates, determining equation for symmetries of a first order ODE, Invariance of an
first ODE under a given group.

Unit 4: Reduction of order of the second and higher order ODEs through canonical coordinates
and differential invariants, Determine the second and higher order ODEs invariant under lie group,
multiparameter lie group. Invariance of overdetermined system of ODEs under an mutliparameter

lie group with solvable Lie algebra.

Course References:

1. Bluman, G. W. and Kumei, S.(1989), Symmetries and Differential Equations, Springer Verlag,
Heidelberg, Berlin,.

2. Bluman, G. W. and Cole, J. D.( 1974) , Similarity Methods for Differential Equations,
Applied Mathematical Sciences, Vol. 13. Springer-Verlag, New York-Heidelberg,

3. Hydon, P.E. (2000), Symmetry methods for differential equations: a beginner’s guide,

Cambridge University Press.




4. P. Olver(1993), Application of lie Groups to Differential Equations, Springer, NY.

5. H. Stephani(1989), Differential Equations: Their Solutions Using
Symmetries, Cambridge Univ. Press, NY.

6. Bluman, G. W., Cheviakov, A. F. and Anco, S. C.(2010), Applications of Symmetry Methods
to Partial Differential Equations, Applied Mathematical Sciences, 168, Springer.

Course code: PMATL30515 Title of the Course: Mathematical Methods
L-T-P: 3-0-0 Credits:3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: provide knowledge of a wide range of mathematical techniques and application of
mathematical methods/tools in other scientific and engineering domains.
CLO-2: know the connections between the mathematical series and other scientific and humoristic
disciplines.
CLO-3: know principles of mathematical reasoning and their use in understanding analyzing and
developing formal arguments.
CLO-4: use Fourier series, Laplace transform and Z-transform.
CLO-5: learn how to expand a function in a Fourier series, and under what conditions such an
expansion is valid. They will be aware of the connection between this and integral transforms
(Fourier and Laplace) and be able to use the latter to solve mathematical problems relevant to the

physical sciences.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 3 2 2 1 3 1
CLO2 |3 2 2 2 1 2 3 1
CLO3 |3 3 2 2 1 2 3 1
CLO4 |3 2 2 2 1 2 3 1
CLOS |3 3 2 2 1 2 3 1




Course Details:

Unit I: Introduction to Laplace transform, Laplace of some standard functions, Existence
conditions for the Laplace Transform, Shifting theorems, Laplace transform of derivatives and
integrals, Inverse Laplace transform and their properties, Convolution theorem, Initial and final
value theorem, Laplace transform of periodic functions, error functions, Heaviside unit step
function and Dirac delta function, Applications of Laplace transform to solve ODEs and PDEs,
Finite Laplace Transform: Definition and properties, Shifting and scaling theorem.

Unit II: Introduction to Fourier series, Trigonometric Fourier series and its convergence. Fourier
series of even and odd functions, Gibbs phenomenon, Fourier half-range series, Parseval's identity,
Complex form of Fourier series.

Unit III: Introduction to Fourier Transforms, Fourier integrals, Fourier sine and cosine integrals,
Complex form of Fourier integral representation, Fourier transform, Fourier transform of
derivatives and integrals, Fourier sine and cosine transforms and their properties, Convolution
theorem, Application of Fourier transforms to Boundary Value Problems.

Unit IV: Introduction to Z—transform, inverse Z-transform of elementary functions, Shifting
theorems, Convolution theorem, Initial and final value theorem, Application of Z-transforms to
solve difference equations, Hankel Transform: Basic properties of Hankel Transform, Hankel
Transform of derivatives, Application of Hankel transform to PDE, Mellin Transform: Definition
and properties of Mellin transform, Shifting and scaling properties, Mellin transforms of
derivatives and integrals, Applications of Mellin transform

References:

1. Kreyszig, E., "Advanced Engineering Mathematics", John Wiley & Sons, 2011.

2. Jain, R.K. and Iyengar, S.R.K., "Advanced Engineering Mathematics", Narosa Publishing
House, 2009.

3. Hildebrand F. B., "Methods of Applied Mathematics", Courier Dover Publications, 1992.

4. Debanth L. and Bhatta D., Integral Tranforms and Their Applications, 2nd edition, Taylor
and Francis Group, 2007.

5. Hwei p. hsu., “Schaum's outlines of theory and problems of signals and systems”.

6. Murray r. Spiegel., “Schaum's outline of theory and problems of Laplace transforms”.

Course code: PMATL30516 Title of the Course: Algebraic Topology
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: explain the fundamental concepts of algebraic topology and their role in modern

mathematics and applied contexts.



CLO-2: demonstrate accurate and efficient use of algebraic topology techniques.

CLO-3: demonstrate capacity for mathematical reasoning through analyzing, proving and
explaining concepts from algebraic topology.

CLO-4: apply problem-solving using algebraic topology techniques applied to diverse situations
in physics, engineering and other mathematical contexts.

CLO-5: provide an elementary example illustrating specified behaviour in
relation to a given combination of basic definitions and key theorems across the course.
Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific OQutcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 1 1 1 2 2 1 1
CLO2 |3 2 1 2 1 2 2 1 1
CLO3 |3 2 1 1 2 2 2 1 1
CLO4 |3 2 1 1 2 2 2 1 1
CLOS |3 2 1 1 2 2 2 1 1

Course Details:

Unit 1: Paths and homotopy, homotopy equivalence,contractibility, deformation retracts. Basic
constructions: cones, mapping cones,mapping cylinders, suspension. Cell complexes,
subcomplexes, CW pairs. Fundamental groups. Examples (including the fundamental group of the
circle) and applications (including Fundamental Theorem of Algebra, Brouwer Fixed Point
Theorem and Borsuk-Ulam Theorem, both in dimension two). Van Kampen's Theorem, covering
spaces, lifting properties, deck transformations. universal coverings (existence theorem optional).
Unit 2: Simplicial complexes, barycentric subdivision, stars and links, simplicial approximation.
Simplicial Homology. Singular Homology. Mayer-Vietoris Sequences. Long exact sequence of
pairs and triples. Homotopy invariance and excision (without proof).

Unit 3: Degree. Cellular Homology. Applications of homology: Jordan-Brouwer separation
theorem, Invariance of dimension, Hopf's Theorem for commutative division algebras with
identity, Borsuk-Ulam Theorem, Lefschetz Fixed Point Theorem.

Unit 4: Outline of the theory of: cohomology groups, cup products, Kunneth formulas, Poincare

duality.




References:

1. M. J. Greenberg and J. R. Harper, Algebraic Topology, Benjamin, 1981.
2. W. Fulton, Algebraic topology: A First Course, Springer-Verlag, 1995.
3. A. Hatcher, Algebraic Topology, Cambridge Univ. Press, Cambridge, 2002.
4. W. Massey, A Basic Course in Algebraic Topology, Springer-Verlag, Berlin, 1991.
5. J.R. Munkres, Elements of Algebraic Topology, Addison Wesley, 1984.
6. J.J. Rotman, An Introduction to Algebraic Topology, Springer (India), 2004.
7. H. Seifert and W. Threlfall, A Textbook of Topology, translated by M. A. Goldman, Academic
Press, 1980.
8. J.W. Vick, Homology Theory, Springer-Verlag, 1994.

Semester-1V

Course Code: PMARC40500 Title of the Course: Project Work
L-T-P: 0-13-0 Credits: 13
Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will
CLO-1: learn basic mathematical and research knowledge and understanding of core research
material, literature etc.
CLO-2: learn conceptual grasp of issues, quality of argument and ability to answer questions in
the viva-voce examination.
CLO-3: learn how to maintain quality of management in terms of pacing of presentation, effective
use of research material, organization/structure of research material etc.
CLO-4: learn how to improve quality of communication.

CLO-5: learn how to become a good researcher or teacher.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)



PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 3 3 3 3 3 3
CLO2 3 3 3 3 3 3 3 3 3
CLO3 2 2 3 2 2 3 1 3 3
CLO4 1 1 3 1 1 3 2 3
CLOS5 2 2 3 2 2 3 1 3 3

Course Details: Project work course is included in the 4™ Semester to train/expose students to the
research activity. The project work must be carried out on a topic chosen by the student under the
guidance of a faculty member from the Department. In case of interdisciplinary projects, a co-
guide can be chosen from other Departments/Institutes, if necessary. The project supervisor will
periodically review the student progress over the semester. The progress of the work will be
evaluated in the middle of the semester by the department committee. Students have to submit two
copies of project report to the Head of Department before the last working day of the Semester.
Finally, the student has to present the findings of his research project for the final evaluation.

Evaluation scheme: 40 % Continuous Evaluation by the Guide and 60% by the Expert Committee
at the end of the Semester. The Expert Committee may be constituted by the Department with at
least four members; 1) HOD, 1ii) supervisor, iii) subject expert of the Department and iv)
programme/course coordinator. The expert committee can invite the additional subject experts for

the evaluation of the project report or viva voce, if necessary.

Further, the students have to choose one elective course related to project work/allied area under
the guidance of a supervisor. The supervisor will evaluate this elective course and submit the marks
to the HOD. If the students are in industrial training, the elective course internal examinations
related to project work may be conducted online with due approval from HOD. The supervisor
may allow the students to send them outside (industry/institutions/research organizations) to carry
out their project work based on their request with an undertaking form. However, such requests

must be approved by HOD before sending them outside.




Course Code: PMAWS40500 Title of the Course: Comprehensive Viva
L-T-P: 0-4-0 Credits: 4
Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will
CLO-1: learn Mathematical knowledge and understanding of core material.

CLO-2: learn conceptual grasp of issues, quality of argument and ability to answer questions.
CLO-3: learn how to face the interviews.

CLO-4: learn how to improve quality of communication.

CLO-5: learn how to become a good teacher or researcher. Also, students will learn to clear

competitive exams like CSIR, NET/SET and Gate etc.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 3 3 3 3 3 3 3
CLO2 3 3 3 3 3 2 3 3 3 3
CLO3 1 1 3 1 1 1 1 1 3
CLO4 1 1 3 1 1 1 1 1 3
CLOS5 3 3 3 3 3 3 3 3 3 3

Course Details: Comprehensive Viva (ORAL Examination) is included in the 4th Semester to
assess the overall Mathematical knowledge of the students in the subjects they have studied during
the first three semesters of programme. This examination may be conducted at the beginning of
fourth semester since it is useful for the students to clear the competitive exams like GATE/NET
etc. held in the final semester. Each student has to appear for comprehensive viva in front of the
panel of examiners. Also, a mentor faculty will be allotted for each student to train the
Comprehensive Viva course, if needed. 100% Evaluation by the Expert Committee at the
beginning of fourth semester. The Expert Committee may be constituted by the Department with
at least three members; 1) HOD, ii) programme coordinator of the Department and iii) subject
experts of the Department. The expert committee can invite the additional subject experts for the
evaluation, if necessary. The comprehensive viva helps the students to face the interview or any

other competitive exams.




List of Discipline Specific Electives-II1 (IV Semester)

Course Code: PMATL40517 Title of the Course: Calculus of Variations and
Finite Element Method
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After studying this course the student will be able to
CLO-1: determine an extremum by calculus of variations approach
CLO-2: formation of a variational problem for a boundary value problem
CLO-3: solution of one dimensional problem
CLO-4: solution of two dimensional problems by rectangular and triangular elements
CLO-5: extend their knowledge of finite difference techniques for further exploration of the

subject for going into research.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 2 3 3
CLO2 3 3 2 2 1 1 1
CLO3 3 3 2 2 2 1 2
CLO4 3 3 2 2 3 1 2
CLOS 2 2 3

Course Details:

Unit 1: Introduction to calculus of variations, variation of a functional, Euler-Lagrange equation,
Necessary and sufficient conditions for extrema, weak, strong minima and maxima.

Unit 2: Variational formulation, Rayleigh-Ritz method, weighted residuals methods- Collocation
method, least square method, Galerkin method, Petrov-Galerkin method for boundary value
problems.

Unit 3: Finite element analysis for one dimension problems using linear, quadratic, cubic shape

functions.




Unit 4: Finite element analysis for two dimension problems using rectangle elements (linear,

quadratic, cubic shape functions, serendipity) and triangular elements and it is implementation on

steady state problems.

Course References:

1. J.N. Reddy (2005), An introduction to the Finite Element Method, McGraw Hill, NY.

2. 1J. Chung (1978), Finite element analysis in Fluid Dynamics, McGraw Hill Inc.

3. O.C. Zienkiewiez and K. Morgan, Finite Elements and approximation, John Wieley, 1983.

4. P.E. Lewis and J.P. Ward (1991), The Finite element method- Principles and applications,
Addison Weley.

. L.J. Segerlind (1984), Applied finite element analysis (2nd Edition), John Wiley.

6. A.S. Gupta (2003), Calculus of Variation, Prentice Hall of India Pvt. Ltd.

7. LM. Gelfand and S. V. Francis (2000), Calculus of Variation, Prentice Hall, New Jersey.

W

Course Code: PMATL40518 Title of the Course: Computational Fluid dynamics
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After studying this course the student will be able to
CLO-1: understand the concept of governing equations of Incompressible viscous flows.
CLO-2: understand and apply the staggered grid, artificial compressibility, pressure correction
and vortex methods.
CLO-3: understand Compressible inviscid flows, central schemes with combined and independent
space time discretization.
CLO-4: apply the concept of Compressible viscous flows, Explicit, implicit and PISO methods.
CLO-5: apply the Structured and unstructured grid generation methods.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO PLO
1 2 3 4 5 6 7 8 9 10

CLO1 3 2 3 2 2 1

CLO2 3 2 3 2 2 |




CLO3 3 2 3 2 2

CLO4 3 2 3 2 2

CLOS 3 2 3 2 2

Course Details:

Unit-1: Review of the governing equations of Incompressible viscous flows, Stream function -
vorticity approach.

Unit-2: Upwind schemes, Primitive variables, Staggered grid, Artificial compressibility, pressure
correction and vortex methods.

Unit-3: Compressible inviscid flows, central schemes with combined and independent space time
discretisation, Compressible viscous flows, Explicit, implicit and PISO methods.

Unit-4: Grid generation: Structured and unstructured grid generation methods; Finite volume
method: Finite volume method to convection-diffusion equations.

Course References:

1. P Wessling (1991), Principles of Computational Fluid Dynamics, Springer.

2. John D Anderson, Jr. (1995), Computational Fluid Dynamics, The Basics with Applications,
McGraw-Hill.

Course Code: PMATL40519 Title of the Course: Theory of Automata
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to

CLO-1: understand the basic concepts of Automata.

CLO-2: classify and create the Languages.

CLO-3: design the Automata to accept the given language.

CLO-4: design the Turing machine.

CLO-5: find the equivalences among machines.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)




PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 2 1 2 1 1 1 1 3 1
CLO2 1 2 2 1 1 2 2 3 2
CLO3 1 3 1 3 2 2 1 1 3 3
CLO4 2 2 3 2 1 1 1 3 2
CLOS 1 2 2 2 1 3 1 2 3 1

Course Details:

Unit 1: Preliminaries: Sets, Relations, Equivalence relation, partition, Transitive closures,
Kleene’ closure, Strings, Alphabets, Languages, Recursive definitions.

Unit 2: Regular Languages and Finite Automata: Regular Expressions, Regular Languages,
Finite State Machines, Deterministic finite automata (DFA), Non-deterministic finite automata
(NFA), Nondeterministic finite automata with e moves (NFA-epsilon), epsilon -closure,
Equivalence of DFA, NFA and NFA- epsilon, Language accepted by Finite Automata, Kleene’s
Theorem.

Unit 3: Properties of Regular Sets: Properties of the Languages accepted by finite automata,
Regular and non-regular languages, Minimal finite automata, Pumping lemma, Myhill - Nerode
theorem. Closure properties of Regular languages.

Unit 4: Context Free Languages and Pushdown Automata: Context free grammars (CFQG),
context free languages (CFL), closure properties of context free languages, Chomsky normal form,
Greibach normal form, Pumping lemma for CFL, parsing, Pushdown automata (PDA), CFG for
PDA, PDA for CFG, phrase structured grammars and languages and context sensitive grammars
and languages. Turing Machines: Turing machine model, example, Modification of Turing

machines, Church’s hypothesis and Non-deterministic Turing machines.

Reference Books:
1. Hopcroft J. and Ullman J.D., Introduction to Automata Theory, Languages and
Computation, Narosa Publishing, 1989.




2. Martin, J.C., Introduction to Languages and the Theory of Computation, Tata McGraw Hill,
2009.

3. Carrel J. and Long D., Theory of finite automata with an introduction to formal languages,

Prentice Hall, 1989.

Course code: PMATL40520 Title of the Course: Riemannian Geometry
L-T-P:3-0-0 Credits:3

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to

CLO-1: define the various geometrical and algebraic concepts that are introduced in the course,
and be able to use and interpret them in specific examples.

CLO-2: use and formulate central theorems in Riemannian geometry and Topology, and be able
to give an account of their proofs.

CLO-3: understanding of Riemannian sub manifolds, Jacobi fields, completeness, and be able to
prove and apply fundamental results in the subject.
CLO-4: use the theory, methods and techniques of the course to solve problems.

CLO-5: understand and work manifolds, tangent spaces and curvature.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 2 1 1 1 1 2 1 1
CLO2 |3 2 2 1 1 1 1 1 1 1
CLO3 |3 2 1 1 1 1 1 2 1 1
CLO4 |3 2 2 1 1 1 1 2 1 1
CLOS5 |3 2 1 1 1 1 1 1 1 1




Course Details:

Unit 1: Differentiable manifolds: - Charts, Atlases, Differentiable structures, Topology induced
by differentiable structures, equivalent atlases, complete atlases. Manifolds. Examples of
manifolds. Properties of induced topology on manifolds.

Unit 2: Tangent and cotangent spaces to a manifold. Vector fields. Lie bracket of vector fields.
Smooth maps and diffeomorphism. Derivative(Jacobi) of smooth maps and their matrix
representation. Pull back functions. Tensor fields and their components. Transformation formula
for components of tensors. Operations on tensors. Contraction, Covariant derivatives of tensor
fields.

Unit 3: Riemannian Metric. Connections. Riemannian connections and their components, Parallel
translation, Fundamental theorem of Riemannian Geometry. Curvature and torsion tensors.
Bianchi identities, Curvature tensor of second kind. Sectional curvature. Space of constant
curvature. Schur’s theorem. Curves and geodesics in Riemannian manifold. Geodesic curvature,
Frenet formula.

Unit 4: Hypersurfaces of Riemannian Manifolds Gauss formula, Gauss equation, Codazzi
equation, Sectional curvature for a hyper surface of a Riemannian manifold, Gauss map,
Weingartan map and Fundamental forms on hypersurface. Equations of Gauss and Codazzi. Gauss

theorem egregium.

References:

1. Y. Matsushima: Differentiable manifolds. Marcel Dekker Inc. New, York,1972.

2. W.M. Boothby: An introduction to differentiable manifolds and Riemannian Geometry.
Academic Press Inc. New York, 1975.

3. N.J. Hicks: Notes on differential Geometry D. Van Nostrand company Inc. Princeton, New
Jersey, New York, London (Affiliated East-West Press Pvt. Ltd. New Delhi), 1998.
REFERENCE BOOKS

4. R.L. Bishop and Grittendo: Geometry of manifolds. Acamedic Press, New York, 1964.

5. L.P. Eisenhart: Riemannian Geometry. Princeton University Press, Princetion, New Jersey,
1949.

6. H. Flanders: Differential forms with applications to the physical science, Academic Press,

New York, 1963.



7. R.L. Bishop and S.J. Goldberg: Tensor analysis on manifolds, Macmillan Co., 1968.
8. K. S. Amur, D.J. Shetty and C. S. Bagewadi, An introduction to differential Geometry,
Narosa Pub. New Dehli, 2010.

Course code: PMATL40521 Title of the Course: Special Functions
L-T-P:3-0-0 Credits:3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: understand the importance of Heine’s transformation and Jackson transformation
formula.
CLO-2: explain the application of Jacobi’s triple product identity and Quintuple product
identity.
CLO-3: learn the importance of Ramanujan 1¥1 summation formula.
CLO-4: understand some theta function identities mentioned in the Chapter 16 of Ramanujan’s
notebook III.
CLO-5: work effectively as part of a group to solve challenging problems in Number Theory.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |(PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 1 2 1 2 1 1 1
CLO2 |3 2 1 2 1 1 1 1 1
CLO3 |3 2 1 2 1 2 1 1 1
CLO4 |3 2 1 2 1 1 1 1 1
CLOS |3 2 1 2 1 2 1 1 1

Syllabus:

Unit 1: Hypergeometric series: Definition- convergence- Solution of second order ordinary
differential: equation or Gauss equation- Confluent hypergeometric series- Binomial theorem,
Integral Representation- Gauss’s Summation formula- Chu-Vandermonde Summation formula-

Pfaffkummer Transformation Formula- Euler’s transformation formula.




Unit 2: Basic-hypergeometric series: Definition- Convergence- g-binomial theorem- Heines
transformation formula and its g-analogue- Jackson transformation formula- Jacobi’s triple
product identity and its applications - Quintuple product identity - Ramanujan’s 1 y1 summation
formula and its applications- A new identity for (q; q)10 with an application to Ramanujan
partition congruence modulo 11- Ramanujan theta-function identities involving Lambert series.
Unit 3: g—series and Theta-functions: Ramanujan’s general theta-function and special cases-
Entries 18, 21, 23, 24, 25, 27, 29, 30 and 31 of Ramanujan’s Second note book (as in text book
reference 4).

Unit 4: Partitions: Definition of partition of a +ve integer- Graphical representation- Conjugate-
Self conjugate- Generating function of p(n)- other generating functions- A theorem of
JacobiTheorems 353 and 354- applications of theorem 353- Congruence properties of p (n)-
p(5n + 4) = 0(mod5) and p (7n + 4) = 0 (mod 7)- Two theorems of Euler- Rogers-
Ramanujan Identitiescombinatorial proofs of Euler’s identity, Euler’s pentagonal number theorem.
Franklin combinatorial proof. Restricted partitions- Gaussian. (portion to be covered as per
Chapter-XIX of an Introduction to the Theory of Numbers written by G. H. Hardy and E. M.
Wright).

References:

1. C. Adiga, B. C. Berndt, S. Bhargava and G. N. Watson, Chapter 16 of Ramanujan's second
notebook: Theta-function and g-series, Mem. Amer. Math. Soc., 53, No.315, Amer. Math. Soc.,
Providence, 1985.

2. T. M. Apostol: Introduction to Analytical number theory, Oxford University Press, 2000.

3. G. E. Andrews, The theory of Partition, Cambridge University Press, 1984

4. B. C. Berndt, Ramanujan’s notebooks, Part-III, Springer-Verlag, New York, 1991.

5. B. C. Berndt, Ramanujan’s notebooks, Part-IV, Springer-Verlag, New York, 1994

6. B. C. Berndt, Ramanujan’s notebooks, Part-V, Springer-Verlag, New York, 1998

7. George Gasper and Mizan Rahman, Basic hyper-geometric series, Cambridge University Press,
1990.

8. G. H. Hardy and E. M. Wright, An Introduction of the Theory of Numbers, Oxford University
Press, 1996.



Course Code: PMATL40522 Title of the Course: Financial Mathematics
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: demonstrate understanding of basic concepts in discrete time models.

CLO-2: demonstrate understanding of concepts relating to continuous time models.
CLO-3: employ methods related to these concepts in a variety of financial applications.

CLO-4: apply logical thinking to problem solving in context.
CLO-5: use appropriate technology to aid problem solving.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 2 2 2 3 2
CLO2 2 2 2 2 2
CLO3 2 2 2 2 2
CLO4 2 1 2 2 1
CLOS 3 3 2 3

Course Details:

Basic concepts of hedging and pricing by arbitrage in discrete time models, Setting of binomial
tree models. Concepts of conditional expectation, martingale, change of measure, and
representation. Mathematical models for the development and analysis of continuous time models.
Brownian motion, stochastic calculus, change of measure, martingale representation theorem.
Black-Scholes option pricing formula. Models for the interest rate in the national and international
markets. Mathematical models of bond and stock prices, other derivative securities; Markowitz
portfolio optimization theory and the Capital Asset Pricing Model; and interest rates and their term
structures. Case studies.

Course References:

1. RJ Williams, Introduction to Mathematics of Finance, AMS, 2006

2. Marek Capinski, Tomasz Zastawniak, Mathematics for Finance: An Introduction to Financial

Engineering, Springer, 2003




Course code: PMATL40523 Title of the Course: Cryptography
L-T-P:3-0-0 Credits:3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: understand basics of Cryptography and Network Security.
CLO-2 Identify the security issues in the network and resolve it and analyse the vulnerabilities in
any computing system and hence be able to design a security solution.
CLO-3: learn about how to maintain the Confidentiality, Integrity and Availability of a data.
CLO-4: understand various protocols for network security to protect against the threats in the
networks.
CLO-5: evaluate security mechanisms using rigorous approaches by key ciphers and Hash
functions.
Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 3 2 1 3 3 3 1 1
CLO2 |3 2 3 2 1 3 3 3 1 1
CLO3 |3 2 3 2 1 3 3 3 1 1
CLO4 |3 2 3 2 1 2 3 3 1 1
CLOS |3 2 3 2 1 3 3 3 1 1

Course Details:

Unit 1: Basic number theoretic & Algebraic concepts — Time Estimates of doing arithmetic,
Divisibility, Euclidean & Extended Euclidean Algorithm, Congruences, Chinese Remainder
Theorem, Euler’s & Fermat’s theorems, Finite 'elds, Quadratic Residues and reciprocity.

Unit 2: Classical Cryptography — some simple cryptosystems and their cryptanalysis; Secret Key
Cryptosystems — Block ciphers, DES & AES; Hash Functions; Stream ciphers.

Unit 3: Public Key Cryptosystems — RSA Cryptosystem, Primality testing, Factoring algorithms;
Rabin Cryptosystem; Di-e-Hellman Keyexchange protocol; Discrete-log problem; ElGamal
Cryptosystems.




Unit 4: Elliptic curves — basic facts; elliptic-curve cryptosystem; Digital Signature schemes;
Zeroknowledge protocols, one-way functions; Advanced protocols for different applications, e.g.

echeque, ecash etc.; Copyright protection; Current trends in Cryptography.

References:

1. Douglas R. Stinson, Cryptography: Theory and Practice, Chapman & Hall/CRC, 3 Edition,
2006
2. Neal Koblitz, A Course in Number Theory and Cryptography, Springer, 1994
3. Bruce Schneier, Applied Cryptography: Protocols, Algorithms and Source Code In C, John
Wiley, 2002.
4. Ranjan Bose, “Information Theory, Coding and Cryptography”, Tata McGraw-Hill Publishing,
2002

Course code: PMATL40524 Title of the Course: Modular Forms
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completing this course successfully, the students will be able to:
CLO-1: Understand the definitions of Modular group, subgroups of the modular group, Hecke
subgroups, upper-half plane, fundamental domains
CLO-2: Understand the concept and importance of modular forms
CLO-3: Able to give examples of modular form
CLO-4: Compute dimensions of space of modular forms

CLO-5: Understand basics of Hecke operators and its relation Petersson inner product

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO | PLO |PLO |PLO |PLO |PLO PLO PLO
1 2 3 4 5 6 7 8 9 10

CLO1 |3 2 1 1 2 2 1 3 2 3

CLO2 |3 2 1 1 2 1 1 2 2 3




CLO3 |3 2 1 1 2 2 3 3 2 3

CLO4 |3 3 1 1 2 2 3 3 2 3

CLOS5 |3 2 1 1 2 2 1 3 2 3

Course Details:

Unit-I: Modular group, subgroups of the modular group, Hecke subgroups, upper-half plane,
fundamental domains, extended upper half plane, Poincare metric.

Unit-II: Modular forms of level one, Fourier expansions and g-series, Eisenstein series, valence
formula, dimension formula.

Unit-III: Eisenstein series E 2, Ramanujan tau function, Hecke operators of level one, Modular
forms and Dirichlet series, Ramanujan congruences.

Unit-IV: Petersson inner product, commutativity of Hecke operators, Hecke operators as
Hermitian operators, Basis of eigenforms.

Course References:

1. M. Dewar and M. R. Murty, Lectures on modular forms, CRM Monograph Series, vol. 30,
American Mathematical Society, Providence, RI, 2014.

2. F. Diamond and J. Shurman, A4 first course in modular forms, Graduate Texts in Mathematics,
vol. 228, Springer, New York, 2005.

3. S. Lang, Introduction to modular forms, Grundlehren der mathematischen Wissenschaften, vol.
222, Springer, Berlin, 1976.

4. T. M. Apostol, Modular forms and Dirichlet series in number theory, 2nd ed., Graduate Texts
in Mathematics, vol. 41, Springer, New York, 1990.

Course code: PMATL40525 Title of the Course: Theory of Partitions
L-T-P:3-0-0 Credits:3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will able to
CLO-1: explain the applications and the usefulness of Jacobi’s triple product identity.
CLO-2: understand how to count the number of partitions via Euler’s Pentagonal Theorem.
CLO-3: learn the work of Ramanujan on partition function and get motivated towards the research.

CLO-4: prove combinatorically Euler’s beautiful identity on pentagonal numbers.




CLO-5: work effectively as part of a group to solve challenging problems in Number Theory.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)

and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO

1 2 3 4 5 6 7 8 9 10
CLO1 |3 2 2 3 1 2 1 1
CLO2 |3 2 2 3 1 2 1 1
CLO3 |3 2 2 3 1 2 1 1
CLO4 |3 2 2 3 1 2 1 1
CLOS |3 2 2 1 3 1 2 1 1

Course Details:

Unit 1: Introduction to basic hyper geometric series, q- binomial theorem, Heine’s transformation

and Gaussian Polynomial, two theorems of Euler, Jacobi’s triple product identity and its

applications, bilateral series and its applications, theta functions.

Unit 2: Partitions, Graphical representation, Conjugate and self-conjugate, Generating function of

p (n), recurrence relation for p (n), other generating functions, Euler theorem for partition.

Unit 3: Congruence properties of partition function, the Rogers - Ramanujan Identities.

Unit 4: Rank and crank of partitions and restricted partitions.

Course References:
G. H. Hardy and E. M. Wright (1979), An Introduction to Theory of Numbers, Oxford
University Press, 5th Ed.

1.

A

Bruce C. Berndt, Number Theory in the Spirit of Ramanujan, AMS.

Bruce C. Berndt, Ramanujan's Note Books Volumes-1 to 5.

G. E. Andrews (1976), The Theory of Partitions, Addison Wesley.

Gasper and Rahman (1990), Basic hypergeometric Series, Cambridge University Press.

Course code: PMATL40526 Title of the Course: Advanced Functional Analysis

L-T-P:3-0-0

After studying this course the student will be able to

Course Learning Outcomes (CLOs)

Credits:3




CLO-1: Apply the Picard-Banach Fixed Point Theorem to solve linear, differential, and integral
equations.

CLO-2: Analyze spectral properties of bounded and compact linear operators in normed spaces
using spectral theory and Banach algebras.

CLO-3: Understand and utilize spectral properties of bounded self-adjoint linear operators,
including their spectral representation and positive operators.

CLO-4: Investigate and apply concepts related to unbounded linear operators in Hilbert spaces,
including their spectral representation and properties of Hilbert-adjoint, symmetric, and self-

adjoint operators.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)

PLO |PLO |(PLO (PLO |(PLO [PLO |PLO |PLO |PLO |PLO
1 2 3 4 5 6 7 8 9 10
CLO1 1 2 3 1
CLO2 |3 2 2 3
CLO3 2 1 2 1 2
CLO4 | 1 3 2 1
CLOS 2 2 2 1

Unit-I: Review of normed linear spaces, Hahn-Banach theorems, uniform boundedness principle,
open mapping theorem, closed graph theorem, Riesz representation theorem on Hilbert spaces.

Unit-II: Dual of a normed linear space, L"p-spaces and their duality, weak and weak*
convergence, reflexive spaces, Banach-Alaoglu theorem, the double dual, Weierstrass and Stone-

Weierstrass theorems.

Unit-III: Compact operators, analysis of the spectrum of a compact operator on a Banach space,

spectral theorem for compact self-adjoint operators on Hilbert spaces.

Unit-IV: Spectral projections, spectral decomposition theorem, spectral theorem for a bounded

normal operator.
Textbooks:

1. J. B. Conway: 4 course in functional analysis, GTM (96), Springer-Verlag (1990).



2. W. Rudin: Functional Analysis, International series in pure and applied Mathematics, Tata-
McGraw Hill edition, 2007.

3. Rajendra Bhatia: Notes on Functional Analysis (Texts and Readings in Mathematics), Hindustan
Book Agency.

4. S. Kesavan: Functional Analysis (Hindustan Book Agency)

5. ML.T. Nair: Functional Analysis: A First Course, Prentice-Hall of India, New Delhi,2002.
References:

1. Peter D.Lax: Functional Analysis, Wiley-Interscience,2002.

2. M. Fabian, P. Habala, P. Hajek, V. M. Santalucia, J. Pelant and V. Zizler: Functional analysis
and infinite-dimensional geometry. (Canadian Math. Soc, Springer 2001).

Course Code: PMATLA40527 Title of the Course: Mathematics for Biology
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)
After completion of this course successfully, the students will be able to
CLO-1: formulate discrete and differential equation models that represent a range of biological
problems.
CLO-2: apply computational tools to perform parameter estimation and to solve discrete models.
CLO-3: interpret model and data output in terms of the original biological problem.

CLO-4: perform appropriate data manipulations, and graphically display model output.

CLO-5: apply the mathematical knowledge to understand the biological structure.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 3 1 1
CLO2 2 2 1 2 1
CLO3 1 2 2 2 1
CLO4 2 2 2 1 2
CLOS 1 2 2 2 1 2 2



https://www.amazon.in/S-Kesavan/e/B001HPR75I/ref=dp_byline_cont_book_1

Course Details:

Concepts of Population biology, physiology and in the biomedical sciences including single and
competing species ecological models, enzyme reaction kinetics, molecular motors, epidemiology,
and infectious diseases.

Mathematical modeling techniques of formulation, implementation, validation, and analysis.
Course References:

1. Mathematical Models in Biology, Leah Edelstein-Keshet, 1988

Course Code: PMATL40528 Title of the Course: Finite Volume Method
L-T-P: 3-0-0 Credits: 3

Prerequisite Course / Knowledge (If any): Basics of Numerical Analysis concepts, Finite
Difference and Finite Element Methods etc.

Course Learning Outcomes (CLOs)

After completion of this course successfully, the students will be able to...

CLO-1: derive the Conservation Equations.

CLO-2: discretize linear partial differential equations (PDE).

CLO-3: identify source terms in PDE and their linearization.

CLO-4: solve diffusive problems: Steady and unsteady 1D, Steady 2D and 3D problems.
CLO-5: solve convective problems using upwind, QUICK and hybrid schemes. Also, solve the
velocity and pressure coupling using SIMPLE, SIMPLER, SIMPLEC algorithms.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO PLO
1 2 3 4 5 6 7 8 9 10

CLO1 3 3 1 2 2 2 2 1




CLO2 1 3 2 2 2 2 2 2
CLO3 1 3 1 2 2 2 3 2 2
CLO4 2 3 2 2 2 2 1 1
CLOS 2 3 3 2 2 3 2 2

Course Details:

Unit 1: Introduction - Obtaining the Integral Form from the Differential Form - Finite Volume
Meshes - Discretising the Semi-Integral Equation — Implementation.

Unit 2: Finite Volume Schemes - FVM on a Cartesian Mesh - Finite Volume Schemes in 1D and
3D — Time Step Calculation for a Finite Volume Scheme - Finite Volume FOU 2D Scheme —
Boundary Conditions - Coding a Finite Volume Solver

Unit 3: Derivation of Equations - Conservation Laws - Control Volume Approach - Deriving the
Integral Form of the 2D Linear Advection Equation - Further Finite Volume Schemes - Linear
Interpolation - Quadratic Interpolation - Converting from Finite Difference to Finite Volume
Systems of Equations.

Unit 4: The Shallow Water Equations - General FVS for the SWE - FVS for the 2D SWE on a
Structured Mesh - Heuristic Time Step for a 2D SWE FVS.

Reference Books:

1. D. M. Causon, C. G. Mingham, & L.Own (2009), Introductory Finite Volume Methods for
Partial Differential Equations, Springer.
2. H.Versteeg & W. Malalasekera (2009), An introduction to CFD: The Finite Volume

Method, Pearson.

Course Code: PMATL40529 Title of the Course: Mathematical Theory of Control
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)

After studying this course, the student will be able to




CLO-1: Understand the stability of linear systems using matrix exponentials, Jordan form, and
Lyapunov theory.

CLO-2: Evaluate the controllability of linear time-invariant systems using criteria such as
Kalman’s rank condition and the PBH controllability test.

CLO-3: Assess the observability of systems through Kalman’s rank criterion, duality, and the
PBH observability test.

CLO-4: Design stabilizing feedbacks for controllable systems and understand the limitations of

eigenvalue placement for stabilization.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO
1 2 3 4 5 6 7 8 9 10
CLO1 1 2 3 1
CLO2 |3 2 2 3
CLO3 2 1 2 1 2
CLO4 | 1 3 2 1
CLOS 2 2 2 1

Course Details:

Unit-I: Linear Systems and Stability: The Matrix Exponential, The Primary Decomposition and
Solutions of LTI-systems, Jordan Form and Matrix Exponentials: Two-Dimensional and
Generalization to n-Dimensional, Cayley-Hamilton theorem, Linear Time-Varying Systems:
Existence and Uniqueness of Solutions, Stability Definition: Motivating Examples, Lyapunov

Theory for Linear Systems. Numerous Examples on Each Concept.

Unit-II: Controllability of Linear Time-Invariant Systems: Introduction, Linear Equivalence of
Linear Systems, Controllability with Scalar Input, Eigenvalue Placement with Single Input,
Controllability with Vector Input: Kalman’s Rank Criteria, Eigenvalue Placement with Vector

Input, The PBH Controllability Test, Linear Time Varying Systems, Extensive Examples.

Unit-III: Observability and Duality: Observability, Kalman’s Rank Criteria, Duality, Normal
Form, Lyapunov Equations and Hurwitz Matrices, The PBH Observability.



Unit-IV: Stabilizability of LTI Systems: Stabilizing Feedbacks for Controllable Systems,
Limitations of Eigenvalue Placement, The PBH Stabilizability Test, Examples.

Course References:
Text Books:

1. S. Barnett and R. G. Cameron. Introduction to Mathematical Control Theory. Clarendon Press,

Oxford, Second Edition, 1985.

2. C. T. Chen. Linear Systems: Theory and Design. Oxford University Press, Oxford, Third
Edition, 1999.

3.J. Klamka. Controllability of Dynamical Systems. Polish Scientific Publishers, Warsaw, 1991.

4. W.J. Terrell. An Introduction: Stability and Stabilization. Princeton University Press, Princeton,

20009.
Reference Books:
1. R. W. Brockett. Finite Dimensional Linear Systems. John Wiley, New York, 1970.

2. J. J. Distefano III, A. R. Stubberud, and I. J. Williams. Schaum’s Outlines: Control Systems,
Special Indian Edition. McGraw Hill Education, Chennai, 2010.

3. R. E. Kalman, P. L. Falb, and M. A. Arbib. Topics in Mathematical Control Theory. McGraw-
Hill, New York, 1969.

4. E. D. Sontag. Mathematical Control Theory: Deterministic Finite Dimensional Systems, Second

Edition. Springer, New York, 1998.

5. J. Zabczyk. Mathematical Control Theory: An Introduction. Birkh auser, Boston, 1992.

Course Code: PMATL40530 Title of the Course: Data Structures
L-T-P: 3-0-0 Credits: 3

Course Learning Outcomes (CLOs)



After completion of this course successfully, the students will be able to

CLO-1: choose appropriate data structure as applied to specified problem definition.

CLO-2: handle operations like searching, insertion, deletion, traversing mechanism etc. on

various data structures.

CLO-3: apply concepts learned in various domains like DBMS, compiler construction etc.

CLO-4: use linear and non-linear data structures like stacks, queues, linked list.

CLO-5: learn searching and sorting techniques.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 2 1 2 1 1 1 1 3 1
CLO2 1 3 2 1 1 2 2 3 2
CLO3 1 3 1 3 2 2 1 1 3 2
CLO4 2 3 2 2 1 1 1 3 2
CLOS 1 2 2 2 1 3 1 2 3 1

Course Details:

Unit 1: Basic programming, time and space complexity, Data Structures — Introduction to
Data Structures, abstract data types, Linear list — singly linked list implementation, insertion,
deletion and searching operations on linear list, circular linked list implementation, Double
linked list implementation, insertion, deletion and searching operations. Applications of linked
lists.

Unit 2: Stacks-Operations, array and linked representations of stacks, stack applications -infix
to postfix conversion, postfix expression evaluation, recursion implementation. .

Unit 3: Queues-operations, array and linked representations. Circular Queue operations,

Dequeues, applications of queues.




Unit 4: Searching and Sorting — Sorting- selection sort, bubble sort, insertion sort, quick
sort, merge sort, shell sort, radix sort, Searching-linear and binary search methods, comparison of
sorting and searching methods. Trees — Definitions, tree representation, properties of trees,
Binary tree, Binary tree representation, binary tree properties, binary tree traversals, binary
tree implementation, applications of trees.

TEXT BOOKS:

1. Fundamentals of Data structures in C, 2nd Edition, E.Horowitz, S.Sahni and Susan
Anderson-Freed, Universities Press.

2. Data structures A Programming Approach with C, D.S.Kushwaha and A.K.Misra, PHI.
REFERENCE BOOKS:

1. Data structures: A Pseudocode Approach with C, 2nd edition,

2. R.F.GilbergAndB.A Forouzan, Cengagelearning.

3. Data structures and Algorithm Analysis in C, 2nd edition, M.A.Weiss, Pearson.

4. Data Structures using C, A.M.Tanenbaum,Y. Langsam, M.J.Augenstein, Pearson.

5. Data structures and Program Design in C, 2nd edition, R.Kruse, C.L.Tondo and

B.Leung,Pearson

Course code: PMATL40531 Title of the Course: Boundary Layer Theory
L-T-P: 3-0-0 Credits:3
Course Learning Outcomes (CLOs)

After completing this course successfully, the students will be able to:

CLO-1: Understand the essential principles and assumptions underlying boundary layer theory.
CLO-2: Derive and solve the boundary layer equations for different flow scenarios.

CLO-3: Analyze similarity solutions using methods like Blasius and Falkner—Skan.

CLO-4: Evaluate boundary layer separation and transition, and propose control techniques in

engineering applications.

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO
1 2 3 4 5 6 7 8 9 10




CLO1 3 3 3 2 2 2
CLO2 3 3 2 2 2 3
CLO3 2 2 1 2 2
CLO4 3 2 2 1 3
CLOS

Course Details:

Unit-1: Fundamentals of Boundary Layer Theory, Review of Navier—Stokes equations and
approximations for high Reynolds number flows, Concept of boundary layer; thin shear layer
approximation, Prandtl’s boundary layer equations for 2D incompressible flow.

Unit-2: Laminar Boundary Layers, Exact solutions: Blasius solution for flat plate, Flow past a
wedge: Falkner—Skan similarity solution, Momentum integral equation: Von Karman equation,
Displacement, momentum, and energy thickness, Boundary layer growth and skin friction.
Unit-3: Turbulent Boundary Layers, Characteristics of turbulent flows, Reynolds-averaged
Navier—Stokes (RANS) equations, Eddy viscosity models, Prandtl’s mixing length theory,
Transition from laminar to turbulent flow.

Unit-4: Boundary Layer Separation and Control, Adverse pressure gradients and flow separation,
Flow over cylinders and spheres: boundary layer effects, Stall phenomena in airfoils due to
separation, Boundary layer concepts in heat and mass transfer.

Course References:

1. H. Schlichting and K. Gersten (2017), Boundary-Layer Theory, 9th Edition, Springer.

2. Frank M. White (2006), Viscous Fluid Flow, 3rd Edition, McGraw-Hill.

3. R. L. Panton (2013), Incompressible Flow, 4th Edition, Wiley.

4. M. Van Dyke (1982), An Album of Fluid Motion, Parabolic Press.

5. Y. Cengel and J. Cimbala (Year not specified), Fluid Mechanics: Fundamentals and
Applications, McGraw-Hill.




Course code: PMATL40532 Title of the Course: Numerical Linear Algebra

L-T-P: 3-0-0 Credits: 3
Course Learning Outcomes (CLOs)

After completing this course successfully, the students will be able to:

CLO-1: Students will learn the basic matrix factorization methods for solving systems of linear
equations and linear least squares problems.

CLO-2: Students will learn basic computer arithmetic and the concepts of conditioning and
stability of a numerical method

CLO-3: Students will learn the basic numerical methods for computing eigenvalues.

CLO-4: Students will learn the basic iterative methods for solving systems of linear equations.
CLO-5: Students will learn how to implement and use these numerical methods in

Matlab/Python/Mathematica (or another similar software package).

Mapping of Course Learning Outcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 2 1 1 3 2 3 3 3
CLO2 |3 3
CLO3 3 3 3 3 3 2
CLO4 |2 2 1
CLOS 2 2 1 1

Course Details:

Prerequisites: Basic of Linear Algebra, Numerical Analysis courses

Unit-I: Fundamentals - overview of matrix computations, norms of vectors and matrices, singular
value decomposition (SVD), IEEE floating point arithmetic, analysis of roundoff errors, stability
and ill-conditioning; Linear systems - LU factorization, Gaussian eliminations, Cholesky
factorization, Householder triangulations, stability and sensitivity analysis; Jacobi, Gauss-Seidel

and successive overrelaxation methods;




Unit-II: Linear least-squares - Gram- Schmidt orthonormal process, rotators and reflectors, QR
factorization, stability of QR factorization; QR method linear least-squares problems, normal

equations, Moore- Penrose inverse, rank deficient least-squares problems, sensitivity analysis.

Unit-III: Eigenvalues and singular values - Schur's decomposition, reduction of matrices to
Hessenberg and tridiagonal forms; Power, inverse power and Rayleigh quotient iterations; QR
algorithm, implementation of implicit QR algorithm; Sensitivity analysis of eiegnvalues;
Reduction of matrices to bidiagonal forms, QR algorithm for SVD.

Unit-IV: Iterative Methods for solving system of equations:. Overview of iterative methods,

Arnoldi iteration, GMRES, Conjugate gradients, biconjugate gradients method, Preconditioning.

Course References:

1. William Ford, Numerical linear algebra with applications, Elsevier, 2015.
. L. N. Trefethen and David Bau III, Numerical linear algebra, SIAM, 1997.
. Golub, Gene H., and Charles F. Van Loan. Matrix computations. Vol. 3. JHU Press, 2012.

. J.W. Demmel, Applied Numerical Linear Algebra, SIAM, 1997.
. B. N. Datta, Numerical Linear Algebra and Applications, 2nd Edn., SIAM, 2010.

2

3

4. Watkins, David S. Fundamentals of matrix computations. Vol. 64. John Wiley & Sons, 2004.
5

6

7. G. H. Golub and C.F.Van Loan, Matrix Computation, 3rd Edn., Hindustan book agency, 2007.

Course code: PMATL40533 Title of the Course: Programming Tools
L-T-P: 3-0-0 Credits:3
Course Learning Outcomes (CLOs)

After completing this course successfully, the students will be able to:

CLO-1: Write structured code for mathematical algorithms.

CLO-2: Use symbolic tools to model and manipulate analytical mathematics expressions.
CLO-3: Implement and test numerical methods for solving calculus and linear algebra problems.

CLO-4: Present and visualize mathematical results using modern tools in a reproducible format.



Mapping of Course Learning QOutcomes (CLOs) with Program Learning Outcomes (PLOs)
and Program Specific Outcomes (PSOs)

PLO |PLO |PLO |PLO |PLO |PLO |PLO |PLO PLO PLO
1 2 3 4 5 6 7 8 9 10
CLO1 3 3 2 2 2 3
CLO2 3 3 2 2 3 3
CLO3 2 2 1 3 3 2
CLO4 3 2 2 3 3 2
CLOS

Course Details:

Unit-1: Introduction to Programming and Algorithmic Thinking, Fundamentals of
programming (using Python or R): data types, control structures, functions, Algorithms for
numerical operations: root-finding, matrix operations, series, and recursion, Writing readable,
modular code for mathematical problems

Unit-2: Introduction to symbolic mathematics using SymPy (Python) / SageMath /
Mathematica/Matlab, Differentiation, integration, simplification, equation solving, Symbolic
linear algebra and matrix expressions, Use of LaTeX for mathematical document preparation and
symbolic expression display.

Unit-3: Numerical linear algebra: Gaussian elimination, LU decomposition, Numerical integration
and differentiation, Ordinary Differential Equations (ODEs): Euler’s method, Runge—Kutta
methods.

Unit-4: Visualization of mathematical models and results: 2D/3D plotting, surface plots, vector
fields, Working with libraries: NumPy, SciPy, and Matplotlib for implementation and

visualization, code documentation, version control with Git, and open-source sharing.
Course References:

1. M. Turing and P. J. Davis (2012), Numerical Methods and Programming, Dover
Publications.

2. S. D. Conte and Carl de Boor (1980), Elementary Numerical Analysis: An
Algorithmic Approach, McGraw-Hill.




S

10.
11.

12.

Gilbert Strang (2009), Introduction to Linear Algebra, Wellesley-Cambridge Press.
Aaron Watters et al. (2011), Python for Scientists and Engineers, Springer.

G. Knott (2014), Mathematica: A Problem-Centered Approach, Springer.

Tom Lyche and L. L. Schumaker (2019), Mathematical Methods Using Python,
Springer.

Lutz, M. (2021), Learning Python, 5th Edition, O'Reilly Media.

Rudra Pratap (2010), Getting Started with MATLAB: A Quick Introduction for
Scientists and Engineers, 2nd Edition, Oxford University Press.

Amos Gilat (2021), MATLAB: An Introduction with Applications, 6th Edition,
Wiley.

Stephen Wolfram (2003), The Mathematica Book, 5th Edition, Wolfram Media
Grolemund, G. (2014). Hands-On Programming with R: Write Your Own
Functions and Simulations. O'Reilly Media.

Wickham, H., & Grolemund, G. (2017). R for Data Science: Import, Tidy,
Transform, Visualize, and Model Data. O’Reilly Media.



