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Scheme and Syllabi

Semester – I

S.No Code Course of Study L T P Credit
1. MAPC 501 Real Analysis 3 0 0 3
2. MAPC 503 Linear Algebra 3 0 0 3
3. MAPC 505 Probability and Statistics 3 0 0 3
4. MAPC 507 Ordinary Differential Equations 3 0 0 3
5. MAPC 509 Computer Programming in Python 3 0 2 4
6 MAPC 511 Integral Transforms and Integral Equations 3 0 0 3
7. **AU*** Sports/Yoga (Audit Course) 1 0 0 1

Total 20

Semester – II

S.No Code Course of Study L T P Credit
1. MAPC 502 Complex Analysis 3 0 0 3
2. MAPC 504 Topology 3 0 0 3
3. MAPC 506 Partial Differential Equations 3 0 0 3
4. MAPC 508 Numerical Analysis 3 0 2 4
5. MAPE 5** Program Elective -I 3 0 0 3
6. MAPE 5** Program Elective -II 3 0 0 3
7. **AU*** Sports/Yoga (Audit Course) 1 0 0 1

Total 20
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Semester – III

S.No Code Course of Study L T P Credit
1. MAPC 513 Functional Analysis 3 0 0 3
2. MAPC 515 Fluid Dynamics 3 0 0 3
3. MAPC 517 Discrete Mathematics 3 0 0 3
4. MAPC 519 Numerical Solutions of Differential Equations 3 0 2 4
5. MAPE 5** Program Elective - III 3 0 0 3
6. ** OE *** Open Elective I 3 0 0 3
7. MAPC 521 Preparative Research Project 0 0 4 2

Total 21

Semester – IV

S.No Code Course of Study L T P Credit
1. MAPC 522 Introduction to Advanced Computing Languages 2 0 2 3
2. MAPE 5** Program Elective – IV 3 0 0 3
3. MAPE 5** Program Elective V 3 0 0 3
4. **OE *** Open Elective II 3 0 0 3
5. MAPC 524 Research Project and Comprehensive Viva 0 0 20 10

Total 22

Total Credits: 83

PC: Program Core PE: Program Elective
OE: Open Elective AU: Audit Course
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List of Program Electives

Course Code Course Title
MAPE 551 Advanced Modern Algebra
MAPE 552 Number Theory
MAPE 553 Special Functions and Lie Theory
MAPE 554 Lie Algebra
MAPE 555 Fourier Analysis
MAPE 556 Differential Geometry
MAPE 557 Measure and Integration
MAPE 558 Graph theory
MAPE 559 Mathematical Programming
MAPE 560 Multivariate Data Analysis
MAPE 561 Integral Equations and Calculus of Variations
MAPE 562 Symbolic Computing
MAPE 563 Wavelet Analysis
MAPE 564 Iterative Methods
MAPE 565 Perturbation Methods
MAPE 566 Spectral Methods
MAPE 567 Computational Fluid Dynamics
MAPE 568 Finite Element Method
MAPE 569 Dynamical Systems
MAPE 570 Mathematics for Data Science

Note:

1. In addition to the above listed electives, a student
can register for one elective from SWAYAM - NPTEL
courses on satisfying the minimum pre- requisite of
the specific course(s) with the approval of DAC.
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List of Open Electives

Course Code Course Title
**OE *** Environmental Science & Sustainable Development
**OE *** Educational Leadership
**OE *** Brief Introduction to Psychology
**OE *** Entrepreneurship
**OE *** Learning Analytics Tools
**OE *** Computer Design
**OE *** Fundamentals of Artificial Intelligence
**OE *** An Introduction to Coding Theory
**OE *** Artificial Intelligence : Search Methods For Problem Solving
**OE *** Management Information Systems
**OE *** Cyber Security and Privacy
**OE *** Deep Learning
**OE *** Combinatorics
**OE *** Galois Theory
**OE *** Introduction to Algorithms And Analysis
**OE *** Introduction to Internet Of Things
**OE *** Introduction to Fuzzy Set Theory, Arithmetic And Logic
**OE *** Introduction to Machine Learning
**OE *** Introduction to Methods of Applied Mathematics
**OE *** Machine Learning And Deep Learning - Fundamentals

And Applications

SWAYAM / NPTEL COURSES:

1. A student may complete SWAYAM - NPTEL courses
and transfer equivalent credits to partially complete
the mandatory credit requirements for Open Elective
courses of the M. Sc. Program.

2. The Department may permit students to register
from other platforms, by taking care of evaluation
and grading.

3. Before the commencement of each Semester, Depart-
ment shall release a list of SWAYAM - NPTEL courses
approved as Open Elective courses.

4. A student shall only request for transfer of credits
from such notified SWAYAM - NPTEL Courses as
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published by the Department.

5. SWAYAM - NPTEL Courses are considered for trans-
fer of credits only if the concerned student has suc-
cessfully completed and obtained the SWAYAM -
NPTEL Certificate to this effect.

6. A student cannot transfer credits from SWAYAM -
NPTEL Courses for any other type of Courses not
permitted in the Curriculum.

7. Students shall register for the approved Courses as
per the schedule announced by SWAYAM - NPTEL.

8. The credit equivalence for SWAYAM - NPTEL Courses:
12 weeks/8 weeks – 3 credits; 4 weeks – 2 credits.

9. The grading system for such SWAYAM - NPTEL
Courses with transfer of credits is specified in Table
given below:
Table: Grading System for SWAYAM - NPTEL
Courses

Final Score on the SWAYAM - NPTEL Certificate Grade Awarded
85 ≤ Percentage ≤ 100 A+

75 ≤ Percentage <85 A
65 ≤ Percentage <75 B
50 ≤ Percentage <65 C
40≤ Percentage <50 D
0 ≤ Percentage <40 E

10. A student must submit the original SWAYAM - NPTEL
Course Certificates to the Head of Department con-
cerned, with a written request for the transfer of the
equivalent credits. On verification of the SWAYAM
- NPTEL Course Certificates and approval by the
Head of the Department, the SWAYAM - NPTEL

Scheme and Syllabi 6 w.e.f. 2023-24



Course(s) and equivalent Credits will be included in
Course (with associated Credits) Registration of the
concerned student in the Semester immediately fol-
lowing the completion of the SWAYAM - NPTEL
Course(s).

11. If any faculty is assigned for the evaluation of the
courses taken through these platforms, he/she can
evaluate like any regular course by following the as-
sessment and evaluation guidelines.

12. A student may submit a request for credit transfer
from SWAYAM - NPTEL Courses before the last
instruction day of the fourth (4th) Semester of the
M.Sc. program as specified in the Academic Calen-
dar.

13. The Institute shall not reimburse any fees/expenses,
a student may incur for the SWAYAM - NPTEL
Courses.

Scheme and Syllabi 7 w.e.f. 2023-24



Course Code Real Analysis L - T - P - C

MAPC 501 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Basic Topology: Introduction, Riemann Stieltje’s inte-
gral: Definition and existence of the integral, Properties
of the integral, Integration and differentiation of integral
with variable limits.
Unit 2: 10L
Improper Integrals: Definitions and their convergence,
Tests of convergence, Beta and Gamma functions.
Unit 3: 10L
Uniform Convergence: Tests for uniform convergence,
Theorems on limit and continuity of sum functions, Term
by term differentiation and integration of series of func-
tions.
Unit 4: 10L
Power Series: Convergence and their properties.
Fourier Series: Dirichlet’s conditions, Existence, Prob-
lems, Half range.

Text Books:

1. Walter Rudin, Principles of Mathematical Analysis,
McGraw Hill, Third Edition, 2017.

2. Brian S. Thomson, Andrew M. Bruckner, Judith B.
Bruner, Real Analysis, Prentice Hall International,
2008.
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Reference Books:

1. William F. Trench, Introduction to Real Analysis,
Library of Congress Cataloging-in- Publication Data,
Free Edition 1.04, April 2010.

2. N.L. Carothers, Real Analysis,Cambridge University
Press, 2000.

3. Tom M. Apostol, Mathematical Analysis, Addison
Wesley, Second Edition, 1974.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Find whether a given function can be Riemann integrable
CO2 Test whether a given improper integral can be convergent
CO3 Examine uniform convergence of given sequence and /or series of

functions
CO4 Expand a given function into Fourier series
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Course Code Complex Analysis L - T - P - C

MAPC 502 3 - 0 - 0 - 3

Pre-Requisites: MAPC 501
Unit 1: 10L
Functions of Complex Variables: Complex variable,
Functions of a complex variable, Continuity, Differentia-
bility and Analytic functions.
Unit 2: 10L
Complex Integration: Cauchy’s theorem, Cauchy’s
integral formula, Morera’s theorem, Cauchy’s inequality,
Liouville’s theorem.
Unit 3: 10L
Series Expansions: Taylor’s theorem, Laurent’s theo-
rem, Zeros of an analytic function, Singularities.
Contour Integration: Residue, Cauchy’s residue the-
orem, Contour integration, Fundamental theorem of al-
gebra, Poisson’s integral formula, Analytic continuation-
branches of a many-valued function, Riemann surface.
Unit 4: 10L
Conformal Mapping: The Maximum modulus theorem-
mean values of f(z), Conformal representation, Bilinear
transformation, Transformation by elementary functions,
Uniqueness of conformal transformation, Representation
of any region on a circle.

Text Books:

1. R.V. Churchill and J.W. Brown, Complex Variables
and Applications, McGraw Hill, Tokyo, Eighth Edi-
tion, 2009.

2. E.T. Copson, Theory of Complex Variables, Oxford
University Press, New Delhi, 1974.
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Reference Books:

1. S. Ponnusamy and Herb Silverman, Complex Vari-
ables with Applications, Birkhauser, Boston, First
Edition, 2006.

2. Murray Spiegel, Seymour Lipschutz, John Schiller
and Dennis Spellman, Complex Variable, Schaum’s
Outlines Series, McGraw Hill, Revised Second Edi-
tion, 2017.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Introduce the analyticity of complex functions and study their applications
CO2 Evaluate complex integrals and expand complex functions
CO3 Determine and classify the zeros and singularities of the complex functions
CO4 Evaluate improper integrals by residue theorem
CO5 Learn the uniqueness of conformal transformation
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Course Code Linear Algebra L - T - P - C

MAPC 503 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
System of Linear Equations: Matrices and elemen-
tary row operations, Uniqueness of Echelon forms, Moore-
Penrose Generalized inverse, Solutions of homogeneous
and non- homogeneous linear system of equations.
Unit 2: 10L
Vector Spaces and Linear Transformations: Vector
spaces, Subspaces, Bases and dimension, Coordinates,
Linear transformations and its algebra and representa-
tion by matrices, Algebra of polynomials.
Unit 3: 10L
Diagonalization of Matrices: Elementary canonical
forms, Characteristic values and characteristic vectors,
Cayley-Hamilton theorem, Annihilating polynomial, In-
variant subspaces, Simultaneous triangularization, Simul-
taneous diagonalization, Jordan form.
Unit 4: 10L
Inner Product Spaces: Inner product spaces, Unitary
and normal operators, Bilinear forms.

Text Books:

1. K.Hoffman and R.Kunze,Linear Algebra, Prentice
Hall of India, New Delhi, 2003.

2. Sheldon Axler,Linear Algebra Done Right, Springer
nature, Third Edition, 2015.
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Reference Books:

1. P.G. Bhattacharya, S.K. Jain and S.R. Nagpaul, First
Course in Linear Algebra, Wiley Eastern Ltd., New
Delhi, 1991.

2. K.B. Datta, Matrix and Linear Algebra, Prentice
Hall of India, New Delhi, 2006.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Test the consistency of system of linear algebraic equations
CO2 Verify rank nullity theorem for a given linear transformation
CO3 Find eigenvalues and canonical forms of a linear operator
CO4 Identify the importance of orthogonal property in the spectral theory
CO5 Demonstrate the knowledge of bilinear form and its nature
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Course Code Topology L - T - P - C

MAPC 504 3 - 0 - 0 - 3

Pre-Requisites: MAPC 501
Unit 1: 10L
Topological Spaces and Continuous Functions: Def-
inition, Basis for a topology, Order topology, Product
topology, Subspace topology, Closed sets, T1 axiom and
Hausdorff spaces, Continuous functions, Homeomorphisms,
Product and box topologies, Metric topology.
Unit 2: 10L
Connectedness and Compactness in Topological
Spaces: Connected spaces, Components of a space, Com-
pact spaces.
Unit 3: 10L
Countability and Separation Axioms: Countabil-
ity axioms, Separation axioms, Normal spaces, Urysohn
Lemma, Urysohn Metrization theorem, Brief introduc-
tion to: Tietze Extension theorem, Tychonoff theorem,
Stone-Cech Compactification.
Unit 4: 10L
Completeness: Complete metric spaces, Baire’s Cate-
gory theorem.

Text Books:

1. James R. Munkres, Topology, Prentice Hall of India,
Second Edition, 2007.

2. George F. Simmons, Introduction to Topology and
Modern Analysis, McGraw Hill Inc., 2004.
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Reference Books:

1. Fred H. Croom, Principles of Topology, Cengage Learn-
ing, 2008

2. John L. Kelley, General Topology, Springer, 1991.

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

CO1 Compare nature of spaces with different topologies
CO2 Understand connectedness and compactness in spaces with different topologies
CO3 Categorize spaces based on countability and separation axioms

CO4
Combine results in proving results such as Urysohn Lemma and Urysohn
metrization theorem

CO5
Understand the notion of completeness with its importance in Baire’s Category
theorem
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Course Code Probability and L - T - P - C

MAPC 505 Statistics 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Random Variables: Review of probability, Probabil-
ity distributions with discrete and continuous random
variables, Joint probability mass function, Marginal dis-
tribution function, Joint density function, Independent
random variables, Mathematical Expectation, Moment
generating function, Chebyshev’s inequality, Weak law
of large numbers, Bernoulli trials.
Unit 2: 10L
Theoretical Probability Distributions: Binomial,
Negative Binomial, Geometric, Poisson, Normal, Rect-
angular, Exponential, Gaussian, Beta and Gamma dis-
tributions and their moment generating functions, Fit of
a given theoretical model to an empirical data.
Unit 3: 10L
Sampling and Testing of Hypothesis: Introduction
to testing of hypothesis, Tests of significance for large
samples – t, F and Chi-square tests, ANOVA - one-way
and two-way classifications.
Unit 4: 10L
Theory of Estimation: Characteristics of estimation -
Minimum variance unbiased estimator, Method of max-
imum likelihood estimation.
Correlation and Regression: Scatter diagram, Linear
and polynomial fitting by the method of least squares,
Linear correlation and linear regression , Rank correla-
tion, Correlation of bivariate frequency distribution.
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Text Books:

1. S.C. Gupta and V.K. Kapur, Fundamentals of Math-
ematical Statistics, S. Chand & Sons, New Delhi,
2008.

2. V.K. Rohatgi and A.K. Md. Ehsanes Saleh, An In-
troduction to Probability theory and Mathematical
Sciences, Wiley, 2001.

Reference Books:

1. Richard A. Johnson, Miller & Freund’s Probability
and Statistics for Engineers, Pearson, Ninth Edition,
2018.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Determine the mean, standard deviation and mth moment of a
probability

CO2 Apply theoretical model to fit the empirical data
CO3 Differentiate between Large and small sample tests
CO4 Use the method of testing of hypothesis for examining the validity

of a hypothesis
CO5 Estimate the parameters of a population from knowledge of statistics

of a sample
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Course Code Partial Differential L - T - P - C

MAPC 506 Equations 3 - 0 - 0 - 3

Pre-Requisites: MAPC 507
Unit 1: 10L
Equations of the First Order: Formulation, Classifi-
cation of first order partial differential equations (PDEs),
Lagrange’s method, Cauchy problem and method of char-
acteristics for linear and quasilinear PDEs, Pfaffian equa-
tion, Condition for integrability, First order non-linear
equations, Complete integrals, Envelopes and singular
solutions, Method of Charpit and Method of character-
istics.
Unit 2: 10L
Equations of Higher Order: Method of solution for
the case of constant coefficients, Classification of second
order equations, Reduction to canonical forms, Method
of solution by separation of variables.
Unit 3: 10L
Diffusion Equation: Derivation of the heat equation,
Method of separation of variables, Solutions of heat equa-
tion with homogeneous and non-homogeneous boundary
conditions, Inhomogeneous heat equation, Duhamel’s prin-
ciple.
Unit 4: 10L
Wave Equation: Derivation of the wave equation,
D’Alembert solution of wave equation, Domain of de-
pendence and range of influence, Method of separation
of variables, Inhomogeneous wave equation, Duhamel’s
principle.
Laplace’s Equation: Basic concepts, Types of bound-
ary value problems, The maximum and minimum prin-
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ciples, Method of separation of variables.

Text Books:

1. I. Sneddon, Elements of Partial Differential Equa-
tions, Dover Publications, 2013.

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

Reference Books:

1. P. Prasad and R. Ravindran, Partial Differential Equa-
tions, New Age International (P) Ltd., New Delhi,
2010.

2. T. Amaranath, An Elementary Course in Partial Dif-
ferential Equations, Narosa Publishing House, New
Delhi, Second Edition, 2003.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Solve linear and nonlinear first order partial differential equations
CO2 Demonstrate the concept of characteristic curves and characteristic strips
CO3 Solve higher order partial differential equations with constant coefficients
CO4 Find canonical forms of second order partial differential equations
CO5 Utilize the knowledge of PDES in solving various physical problems

Scheme and Syllabi 19 w.e.f. 2023-24



Course Code Ordinary Differential L - T - P - C

MAPC 507 Equations 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
First Order Equations: Picard’s theorem, Non-Local
existence theorem.
Second Order Equations: Linear dependence and in-
dependence - A formula for the Wronskian, the non -
homogeneous equations, linear equations with variable
coefficients, Reduction of the order of the homogeneous
equation, Sturm comparison theorem, Sturm separation
theorem.
Unit 2: 10L
Stability: Autonomous systems, the phase plane and
its phenomena, Critical points and stability for Linear
systems.
Unit 3: 10L
Systems of Differential Equations: Existence the-
orems - homogeneous linear systems, non-homogeneous
linear systems, Linear systems with constant coefficients-
Eigenvalues and eigenvectors, Diagonal and Jordan ma-
trices.
Unit 4: 10L
Boundary Value Problems: Two-point boundary value
problems, Green’s functions, construction of Greens func-
tions, non-homogeneous boundary conditions.

Text Books:

1. G.F. Simmons, Differential Equations with Appli-
cations and Historical Notes, McGraw Hill, Second
Edition, 2017.
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2. E.A. Coddington, An Introduction to Ordinary Dif-
ferential Equations, PHI Learning, 1999.

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

4. V. Raghavendra, Rasmita Kar, S.G. Deo, V. Laksh-
mikantham, Textbook of Ordinary Differential Equa-
tions, McGraw Hill India, Third Edition, 2015.

Reference Books:

1. M. Braun, Differential Equations and Their Appli-
cations, Springer-Verlag, Third Edition, 1983.

2. P.J. Collins, Differential and Integral Equations, Ox-
ford University Press, 2006.

3. W.E. Boyce and R.C. Di-Prima, Elementary Dif-
ferential Equations and Boundary Value Problems,
John Wiely & Sons, 2001.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Determine linearly independent solutions and general solution of a non
-homogeneous differential equations

CO2 Find power series solution to a differential equation containing variable
coefficients

CO3 Discuss the existence and uniqueness of solution for an initial value problem
CO4 Use Green’s function to solve a non-homogeneous boundary value problem
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Course Code Numerical Analysis L - T - P - C

MAPC 508 3 - 0 - 2 - 4

Pre-Requisites: NIL
Unit 1: 10L
Interpolation: Existence and uniqueness of interpolat-
ing polynomial, Error of interpolation, Equally spaced
data - Finite difference operators and their properties,
Unequally spaced data - Lagrange’s and Newton’s di-
vided difference formulae, Inverse interpolation, Hermite
interpolation.
Unit 2: 10L
Differentiation: Finite difference approximations for
first and second order derivatives.
Integration: Newton-cotes closed type methods - par-
ticular cases and error terms, Newton cotes open type
methods - Romberg integration, Gaussian quadrature,
Legendre, Chebyshev formulae.
Unit 3: 10L
Solution of Nonlinear and Transcendental Equa-
tions: Regula-Falsi method, Newton- Raphson method,
Muller’s method, System of nonlinear equations.
Approximation: Norms, Least square (using monomi-
als and orthogonal polynomials), Uniform and Cheby-
shev approximations.
Unit 4: 10L
Solution of Linear Algebraic System of Equations:
Gauss-Seidal methods, Solution of tridiagonal system, ill
conditioned equations, Eigen values and eigen vectors us-
ing Power method.
Solution of Ordinary Differential Equations - Ini-
tial Value Problems: Single step methods- Taylor’s,
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Euler’s, Runge-Kutta methods, Error analysis, Multi-
step methods- Milne’s predictor-corrector methods, Sys-
tem of IVP’s and higher orders IVP’s.

Practicals:
Students can use PYTHON programming language

1. To solve nonlinear equations.

2. To solve a system of nonlinear equations.

3. To solve a system of linear equations using direct
methods.

4. To solve a system of linear equations using indirect
methods.

5. To find the eigenvalue of a matrix.

6. To make a difference table.

7. For interpolating arbitrary spaced and equally spaced
data.

8. To approximate the derivative numerically.

9. To integrate a function numerically.

10. To solve the initial value problems of order one and
more and system of first order ODEs.

Text Books:

1. MK Jain, SRK Iyengar and RK Jain, Numerical
Methods for Engineers and Scientists, New Age In-
ternational, 2008.

2. C.F. Gerald and P.O. Wheatley, Applied Numerical
Analysis, Addison-Wesley, 1984.
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Reference Books:

1. K. Atkinson, An Introduction to Numerical Analy-
sis, Numerical Analysis, John Wiley, 1989.

2. F.B. Hildebrandt, Introduction to Numerical Analy-
sis, Courier Coporation, 1987.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Construct the Polynomial to the given data
CO2 Evaluate the integrals numerically
CO3 Find the roots of nonlinear equations
CO4 Approximate the function by a polynomial
CO5 Solve Initial value problems numerically
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Course Code Computer Programming L - T - P - C

MAPC 509 in Python 3 - 0 - 2 - 4

Pre-Requisites: NIL
Unit 1: 10L
Introduction to Python: Python variables, Python
basic Operators, Python Data Types, variables, Declar-
ing and using Numeric data types: int, float etc., Basic
Input-Output Operations, Basic Operators.
Unit 2: 10L
Conditionals and Loops: 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.
Unit 3: 10L
Strings: Assigning values in strings, String manipula-
tions, String special operators, String formatting opera-
tors, Triple Quotes, Raw String, Unicode String, Build-
in-String methods.
Lists: Lists Introduction, accessing values in list, List
manipulations, List Operations, Indexing, slicing & ma-
trices, use of tuple data type, string, list and Dictionary,
string manipulation methods, programming using string,
list and dictionary in-built functions.
Unit 4: 10L
Functions: Built–in Functions and methods, Functions,
writing functions in Python, returning a result from a
function, Pass by value & pass by reference, function ar-
guments & its types, recursive functions.
Python Packages: Simple programs using the built-in
functions of packages matplotlib, numpy, pandas etc.,
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Practicals:
Students can use PYTHON programming language

1. Conditional control constructs

2. loops

3. Strings

4. Lists

5. user defined functions and library functions

6. built-in functions of packages matplotlib

7. numpy

8. pandas

Text Books:

1. William Mitchell, Povel Solin, Martin Novak et al.,
Introduction to Python Programming, NCLab Pub-
lic Computing, 2012.

2. Jacob Fredslund, Introduction to Python Program-
ming, 2007.

Reference Books:

1. John C. Lusth, An Introduction to Python, The Uni-
versity of Alabama, 2011.

2. Dave Kuhlman, Introduction to Python, 2008.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Introduce the fundamental concepts of Python
CO2 Provide a foundation to use basic building blocks of Python
CO3 Learn to write Python Scripts.
CO4 Explore various exception handling mechanisms
CO5 Develop Python packages
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Course Code Integral Transforms L - T - P - C

MAPC 511 and 3 - 0 - 0 - 3

Integral Equations

Pre-Requisites: NIL
Unit 1: 10L
Laplace Transform: Definition, Functions of exponen-
tial order and examples, Transforms of elementary, tran-
scendental and special functions, Transforms of deriva-
tives and integrals, Transforms of periodic, unit-step and
impulse functions, The inverse transform –Properties,
Partial fraction, Convolution theorem, Solution of dif-
ferential equations by the use of the transform, Laplace
inverse integral, Solution of Laplace equation (in two
dimensions), One-dimensional heat and wave equation,
Demonstrations with simple examples.
Unit 2: 10L
Fourier Transform: The Fourier transform, Inverse
Fourier transform, Fourier transform properties, Convo-
lution integral, Convolution theorem, Correlation, Cor-
relation theorem, Parseval’s theorem, Wave from sam-
pling, Sampling theorem, Frequency sampling theorem,
Demonstrations with simple examples.
Unit 3: 10L
Z - Transform: Z - transform, Inverse Z - transform, Z
- transform properties, Solution of linear difference equa-
tions by using Z - transform. Discrete Fourier Transform
- Fourier transform of sequences, Discrete Fourier trans-
form, transfer function.
Unit 4: 10L
Integral Equations: Classification of integral equa-
tions, Connection with differential equations, Integral
equations of the convolution type, Method of successive
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approximations, the resolvent, Fredholm theory, Laplace
and Fourier transforms with applications to integral equa-
tions, Green’s functions, Non-homogeneous boundary value
problems, one-dimensional Green’s function.

Text Books:

1. R.V. Churchill, Operational Mathematics, McGraw
Hill, 1972.

2. F. B. Hildebrand, Methods of Applied Mathematics,
PHI, New Jercy, 1960.

3. E. I. Jury, Theory and applications of Z-Transform
method, John Wiley, 1964.

Reference Books:

1. I.N. Snedden, The use of Integral Transforms, Tata
Mc-Graw Hill, 1979.

2. John W. Dettman, Mathematical methods in Physics
& Engineering, McGraw Hill, NewYork, 1962.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Understand the concepts of certain integral transforms
CO2 Solve differential equations using Laplace transforms
CO3 Find the solution of BVP’s using Fourier transforms
CO4 Solve finite difference equations by using Z transforms
CO5 Solve an integral equation
CO6 Find the Greens function to a differential equation/integral equation
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Course Code Functional Analysis L - T - P - C

MAPC 513 3 - 0 - 0 - 3

Pre-Requisites: MAPC 503
Unit 1: 10L
Banach Spaces: Normed linear spaces, Banach spaces-
Definition and some examples, Incomplete normed lin-
ear spaces, Bounded linear operators, Hahn-Banach the-
orem.
Unit 2: 10L
Dual Spaces: Conjugate (or dual) spaces, Natural imbed-
ding of normed linear space N in its second conjugate
N**, Open mapping theorem, Closed graph theorem,
Conjugate of an operator, Uniform boundedness prin-
ciple.
Unit 3: 10L
Hilbert Spaces: Definition and basic properties, Or-
thogonal complements , Orthonormal sets, Bessel’s in-
equality, Riesz representation theorem.
Unit 4: 10L
Dual of a Hilbert Space: The dual of a Hilbert space,
Adjoint of an operator, Projections and Projection the-
orem.

Text Books:

1. George F. Simmons, Introduction to Topology and
Modern Analysis, McGraw Hill Inc., 2004.

2. Erwin Kreyszig, Introductory Functional Analysis
with Applications, John Wiley and Sons, 2007.

3. Balmohan V. Limaye, Functional Analysis, New Age
International, Revised Third Edition, 2017.
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Reference Books:

1. J. Conway, A Course in Functional Analysis, Springer,
Second Edition, 2007.

2. Casper Goffman and George Pedrick, A First Course
in Functional Analysis, AMS Chelsea Publishing, Sec-
ond Edition, 1983.

3. Peter D. Lax, Functional Analysis, Wiley-Interscience,
2002.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Understand the nature of Banach spaces
CO2 Understand the nature of Hilbert spaces

CO3
Prove the open mapping theorem, closed graph theorem
and uniform boundedness principle

CO4 Apply results of this course in solving operator equations
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Course Code Fluid Dynamics L - T - P - C

MAPC 515 3 - 0 - 0 - 3

Pre-Requisites: MAPC 507
Unit 1: 10L
Kinematics: Lagrangian and Eulerian methods, Equa-
tion of continuity, Boundary surfaces, Stream lines, Path
lines and streak lines, Velocity potential, Irrotational and
rotational motions, Vortex lines.
Unit 2: 10L
Equations of Motion: Lagrange’s and Euler’s equa-
tions of motion, Conservative field of force, Bernoulli’s
theorem, Equation of motion by flux method, Impulsive
actions, Circulation, Kelvin’s circulation theorem, Mini-
mum energy theorem.
Unit 3: 10L
Motion in Two Dimensions: Stream function, Ir-
rotational motion in two-dimensions, Complex velocity
potential , Sources, sinks, doublets and images, Milne -
Thomson circle theorem, Theorem of Blasius.
Unit 4: 10L
Motion of Cylinder: Motion of a circular cylinder,
Liquid streaming past a fixed circular cylinder, Motion of
two co-axial cylinders, Elliptic cylinder moves in an infi-
nite liquid, Liquid streaming past a fixed elliptic cylinder,
Circulation about an elliptic cylinder, Kutta-Joukowski
theorem.

Text Books:

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

2. L.M. Milne Thomson, Theoretical Hydrodynamics,
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Macmillan Company, NewYork,1960.

3. S.W. Yawn, Fundamental Books on Fluid Mechanics
Foundation of Fluid Mechanics.

4. O’Neil, M. E., and Chorlton, F., Ideal and Incom-
pressible Fluid Dynamics. Ellis Horwood Ltd, 1986.

Reference Books:

1. Franz Durst, Fluid Mechanics: An Introduction to
the Theory of Fluid Flow, Springer - Verlag Berlin
Heidelberg, 2008.

2. Stephen Whitaker, Introduction to Fluid Mechanics,
Ed-Tech Press, 2018.

3. Yuan, S.W., Foundations of Fluid Mechanics. Pren-
tice Hall of India Private Limited, New Delhi, 1976.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1
Understand the basic principles of fluid dynamics, such as Lagrangian
and Eulerian approach etc.

CO2 Use the concept of stress in fluids with applications
CO3 Analyse irrotational and rotational flows in fluids and some of their

properties

CO4
Find analytical solution of Navier Stoke equation and solutions of some
benchmark problems

Scheme and Syllabi 32 w.e.f. 2023-24



Course Code Discrete Mathematics L - T - P - C

MAPC 517 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Mathematical Logic: Connectives, Tautologies, Equiv-
alence of formulas, Duality law, Tautological implica-
tions, Normal forms, Theory of inference for statement
calculus, Methods of proof, Predicative logic, Statement
functions, Variables and quantifiers, Free and bound vari-
ables, Inference theory for predicate calculus.
Unit 2: 10L
Counting: Basics of counting, Permutations and com-
binations, Generalized Permutations and combinations,
Pascal’s identity, Vandermonde’s identity, Principles of
inclusion– exclusion, Pigeonhole principle and its appli-
cation.
Unit 3: 10L
Recurrence Relations: Generating functions, Gener-
ating functions of permutations and combinations, For-
mulation as recurrence relations, Solving recurrence re-
lations by substitution and generating functions, Method
of characteristic roots, Solving inhomogeneous recurrence
relations, Applications of recurrence relations.
Relations: Binary relations - Properties of binary rela-
tions, Equivalence relations and partitions, Matrix repre-
sentation of relations, Adjacency matrices, Incidence ma-
trices, Transitive closure and Warshal’s algorithm, Par-
tial and total ordering relations, Lattices.
Unit 4: 10L
Graph Theory: Basic concepts of graphs, Sub graphs,
Matrix representation of graphs: Adjacency matrices, In-
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cidence matrices, Isomorphic graphs, Paths and circuits,
Eulerian and Hamiltonian graphs, Multigraphs, Planar
graphs, Euler‘s formula, Graph coloring and covering,
Chromatic number, Spanning trees, Algorithms for span-
ning trees (problems only and theorems without proofs).

Text Books:

1. J. R. Mott, A. Kandel and Baker, Discrete Mathe-
matics for Computer Scientists, PHI, 2006.

2. C. L. Liu, Elements of Discrete Mathematics, Mc-
Graw Hill, 1985.

Reference Books:

1. K. H. Rosen, Discrete Mathematics and its Appli-
cations with Combinatorics and Graph Theory,Tata
McGraw Hill, Seventh Edition, 2015.

2. Bernand Kolman, Robert C. Busby and Sharon Cut-
ler Ross, Discrete Mathematical Structures, PHI, Sixth
Edition, 2009.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1
Apply Propositional logic and First order logic to determine the
validity of the statement

CO2 Construct induction proofs involving summations, inequalities, and
divisibility

CO3
Implement the principles of counting, permutations and combinatory
to solve real world problems

CO4 Formulate and solve recurrence relations

CO5
Determine whether a given relation is an equivalence relation/poset and
will be able to draw a Hasse diagram

CO6 Develop and analyze the concepts of Boolean algebra
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Course Code Numerical Solution of L - T - P - C

MAPC 519 Differential Equations 3 - 0 - 2 - 4

Pre-Requisites: MAPC 508
Unit 1: 10L
Ordinary Differential Equations: Multistep (explicit
and implicit) methods for initial value problems, Linear
and nonlinear boundary value problems, Quasilineariza-
tion and Shooting methods.
Unit 2: 10L
Finite Difference Methods: Finite difference approx-
imations for derivatives, Boundary value problems with
explicit and implicit boundary conditions, Error analy-
sis, Stability analysis, Convergence analysis.
Unit 3: 10L
Partial Differential Equations: Finite difference ap-
proximations for partial derivatives and finite difference
schemes for parabolic equations, Schmidt’s two level and
Multi-level explicit methods, Crank-Nicolson’s two level,
Multi-level implicit methods, Dirichlet’s problem, Neu-
mann problem, Mixed boundary value problem.
Unit 4: 10L
Hyperbolic Equations: Explicit methods, Implicit meth-
ods, One space dimension.
Elliptic Equations: Laplace equation, Poisson equa-
tion, Iterative schemes, Dirichlet’s problem, Neumann
problem, Mixed boundary value problem, ADI methods.
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Practicals:
Student can use PYTHON programming language for
constucting

1. FDM for Second order linear & nonlinear BVP with
both Dirichlet boundary conditions

2. FDM for Second order linear & nonlinear BVP with
both Neumann boundary conditions

3. FDM for Second order linear & nonlinear BVP with
right Neumann and left Dirichlet boundary condi-
tions

4. FDM for Second order linear & nonlinear BVP with
left Neumann and right Dirichlet boundary condi-
tions

5. An Explicit and Crank- Nicolson FDM for One di-
mensional heat conduction problem

6. An Explicit and Implicit FDM for one dimensional
wave equation

7. An Explicit FDM for one dimensional Laplace equa-
tion

8. An Explicit FDM for one dimensional Poisson equa-
tion

Text Books:

1. M. K. Jain, Numerical Solution of Differential Equa-
tions, Wiley Eastern, Delhi, Fourth Edition, 2018.

2. M. K. Jain, S. R. K. Iyengar and R. K. Jain, Compu-
tational Methods for Partial Differential Equations,
Wiley Eastern, 2016.
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Reference Books:

1. G. D. Smith, Numerical Solution of Partial Differen-
tial Equations, Oxford University Press, 2004.

2. S. S. Sastry, Introductory Methods of Numerical Anal-
ysis, PHI, Fifth Edition, 2012.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1
Apply the explicit and implicit multistep methods to solve the linear and
non-linear initial value problems in ordinary differential equations

CO2
Apply the cubic splines method to solve the two-point boundary value problems
in ordinary differential equations

CO3 Apply the iterative schemes to finite difference equations.

CO4
Find the numerical solution of the heat equation, wave equation and the Laplace
equation in one dimensional and 2-dimensional space using the finite difference

CO5
Analyse the stability, convergence and the error analysis of the finite difference
methods
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Course Code Introduction to Advanced L - T - P - C

MAPC 522 Computing Languages 2 - 0 - 2 - 3

Pre-Requisites: NIL
Unit 1: 10L
Introduction to Mathematica: Difference between
Numeric computing and Symbolic computing, Parts of
Mathematica, Basics of programming in Mathematica,
Built-in functions and constants, Numeric calculation us-
ing Mathematica, Symbolic computing with Mathemat-
ica.
Unit 2: 10L
Built-in function for Matrices and Linear Alge-
bra: Built-in function for Matrices and Linear Algebra,
solving equations, Calculus with Mathematica, Graphics
and built-in graphics functions, User defined functions,
Conditionals and looping in Mathematica.
Unit 3: 10L
Introduction to Maple: Inputting Basic Maple Ex-
pressions, Variables, Functions, Sums and Products, Pack-
ages, Loops, Decision Structures.
Unit 4: 10L
Basic Commands: Elements of LaTeX, graphics in La-
TeX, PSTricks, Beamer presentation.

Text Books:

1. Paul R. Wellin, Mathematica, Wolfram Research Inc.,
2005.

2. William P. Fox, William C. Bauldry, Advanced Prob-
lem solving with Maple: A first Course.

3. L. Lamport. LATEX: A Document Preparation Sys-
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tem, User’s Guide and Reference Manual, Addison-
Wesley, New York, second edition, 1994.

Reference Books:

1. M.L. Abell, J.P. Braselton, Mathematica by exam-
ple, Academic Press, 2021.

2. M.B. Monagan, K.O. Geddes, K.M. Heal, G. Labahn,
S.M. Vorkoetter, J.S. Devitt, M.L. Hansen, D. Red-
fern, K.M. Rickard, Maple V Programming Guide:
For Release 5, Springer Science & Business Media,
2012.

3. David F. Griffiths, Desmond J. Higham, Learning
LaTeX: Second Edition, SIAM, 2016.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Understand the basic principles of the Wolfram Language
CO2 Learn the use of commands and functions for solving and

visualizing mathematical problems
CO3 Use Wolfram Language to solve problems graphically,

numerically and analytically
CO4 Understanding the basic Maple commands
CO5 Make documents, presentation and draw geometries using LATEX
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Course Code Advanced Modern L - T - P - C

MAPE 551 Algebra 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Groups: Group actions, Cayley’s theorem Class equa-
tion, Automorphisms, Sylow theorems and applications.
Unit 2: 10L
Rings: Ring homomorphisms and quotient rings,
Quadratic integer rings, Properties of ideals, Rings of
fractions, Chinese Remainder theorem.
Unit 3: 10L
Classes of Rings: Euclidean domains – norm, divi-
sion algorithm, field norm on quadratic integer rings, re-
sults, Principal ideal domains – properties and results,
Dedekind-Hasse norm, Unique factorization domains, ir-
reducible elements, prime elements, associates, proper-
ties and results, Polynomial rings over fields, polynomial
rings that are UFDs, irreducibility criteria.
Unit 4: 10L
Fields: Brief introduction to fields, field extensions, fi-
nite fields.
Text Books:

1. David S. Dummit and Richard M. Foote, Abstract
Algebra, John Wiley & Sons, Third Edition, 2004.

2. I. N. Herstein, Topics in Algebra, John Wiley &
Sons, Second Edition, 1975.
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Reference Books:

1. Michael Artin, Algebra, Pearson, Second Edition,
2016.

2. Joseph A. Gallian, Contemporary Abstract Algebra,
Cengage Learning, Eighth Edition, 2013.

3. Serge Lang, Algebra, Springer, Revised Third Edi-
tion, 2002.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Analyse the structure of groups
CO2 Distinguish the properties among ring structures
CO3 Understand extension of fields and their constructions
CO4 Apply the concepts and results to solve problems of Modern Algebra
CO5 Construct proofs that arise in various algebraic structures
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Course Code Number Theory L - T - P - C

MAPE 552 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Congruences: Linear congruences, Solution of congru-
ence, Fermat’s theorem, Wilson’s theorem, Chinese Re-
mainder Theorem, Quadratic reciprocity and Quadratic
residue, Legendre Jacobi symbol, Binary quadratic forms.
Unit 2: 10L
Arithmetic Functions on Number Theory: Great-
est integer function, Arithmetic function, Mobius inver-
sion formula, recurrence function, divisor function, Struc-
ture of units modulo n, Euler’s φ function.
Unit 3: 10L
Algebraic Numbers and Unique Factorization: Al-
gebraic numbers and fields, Algebraic integers, Quadratic
fields, Unique Factorization, Integral ring extensions,
Dedekind domains, Unique factorization of ideals, Ac-
tion of the Galois group on prime ideals.
Unit 4: 10L
Infinitude of Primes and Elliptic Curves: Infini-
tude of primes, discussion of the Prime Number theorem,
infinitude of primes in specific arithmetic progressions,
Dirichlet’s theorem (without proof), Representations of
integers as sum of squares, Some Diophantine equations:
Simultaneous linear equations, Elliptic Curve, Finite Con-
tinued Fraction, Infinite continued fraction, Pell’s equa-
tion.
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Text Books:

1. K. Ireland and M. Rosen, A Classical Introduction to
Modern Number Theory, 2nd ed., Springer-Verlag,
Berlin, 1990.

2. S. Lang, Algebraic Number Theory, Addison- Wes-
ley, 1970.

3. Neal Koblitz, Introduction to Elliptic Curves and
Modular Form, Springer, Second Edition, 1984.

4. Kenneth H. Rosen, Elementary Number Theory Its
Applications, Sixth Edition, Pearson.

Reference Books:

1. Ivan Niven, H. S. Zuckerman and Hugh L. Mon-
tomery, An Introduction to the Theory of Numbers.

2. J.S. Milne, Algebraic Number Theory.

3. D.A. Marcus, Number Fields, Springer-Verlag, Berlin,
1977.

4. T M Apostal, Introduction to Analytic Number The-
ory, Springer.

5. Joseph H. Silverman, The Arithmetic of Elliptic Curves,
Second Edition, Springer, 2009.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Solve the system of congruences
CO2 Test the quadratic residues and reciprocity
CO3 Know the basic arithmetic functions
CO4 Study the algebraic numbers and Unique factorization
CO5 Learn about the primes and elliptic curves
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Course Code Special Functions and L - T - P - C

MAPE 553 Lie theory 3 - 0 - 0 - 3

Pre-Requisities: MAPC 503 & MAPC 507
Unit 1: 10L
Gamma and Beta Functions :
Infinite products:- Introduction, definition of an infinite
product, a necessary condition for convergence, the as-
sociated series of logarithms, absolute convergence, uni-
form convergence, Gamma and Beta functions- The Eu-
ler and Mascheroni constant, the Gamma function, a se-
ries for Γ′(z)/Γ(z) ), evaluation of Γ(1) and Γ′(1), the
Euler product for Γ(z), the difference equation Γ(z + 1)
= zΓ(z) , Evaluation of certain infinite products, Euler’s
integral for Γ(z) , the Beta function, the value of Γ(z)
Γ(1− z) , the Factorial function, Legendre’s Duplication
formulae, Gauss’s multiplication theorem, a Summation
formula due to Euler.
Unit 2: 10L
Hypergeometric Function: The hypergeometric func-
tion F(a,b, c, z), a simple integral form, F(a,b,c,1) as a
function of the parameters, evaluation of F(a,b,c,1), Con-
tiguous hypergeometric function relations, the Hyperge-
ometric Differential Equation, F(a,b,c,z) as a function of
its parameters, elementary series manipulations, Simple
transformations, Series Solution of hyepr geometric dif-
ferential equations, Confluent hypergeometric Functions.
Unit 3: 10L
Some More Special Functions: Legendre Polyno-
mials and Functions. Legendre equation and its solu-
tion, Generating function, Legendre series, Associated
Legendre functions, Properties of associated Legendre
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functions, Bessel function, Bessel’s equation and its solu-
tions, Generating function, Integral representation, Re-
currence relations, Hankel functions, Equations reducible
to Bessel’s equation. Modified Bessel’s functions, Recur-
rence relations for modified Bessel’s functions.
Unit 4: 10L
Lie theory: Introduction to Lie groups and Lie alge-
bras, Relation between the Lie groups and Lie algebras,
Classification of some low dimensional Lie algebras, Con-
cept of Lie group through Symmetry and Transforma-
tions, Bilinear forms and construction of Classical Lie
groups and Classical Lie algebras, Homomorphism and
Isomorphism of Lie algebras, Introduction to Represen-
tation theory of Lie algebras.

Text Books:

1. E.D. Rainville, Special functions, Chelsa Publishing
Company, New York, 1960.

2. J. E Humphreys, Introduction to Lie algebras and
Representation Theory, Springer-Verlag

3. G.E. Andrews, R. Askey, R. Roy, Special Functions,
Encyclopedia of Mathematics and its Applications
71, Cambridge University Press, Cambridge.1999.

Reference Books:

1. Willard Miller, Lie theory and special functions, Aca-
demic Press.

2. G. Gasper, M.Rahman, Basic hypergeometric series,
Cambridge University Press.

3. D.A. Marcus, Number Fields, Springer-Verlag, Berlin,
1977.
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4. Alexander Kirillov, JR., An introduction to Lie Groups
and Lie algebras, CUP.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Develop concepts in Gamma, Beta functions and hypergeometric functions.
CO2 Study Legendre polynomials and Bessel’s functions.

CO3
Study the generating functions and recurrence relations of Legendre
and Bessel’s functions

CO4 Get acquainted with the Lie algebras and Lie groups

CO5
Develop the connection of Lie groups and Lie algebras and understand
the application part of it

CO6 Understand the concept of Lie group through symmetry and transformations.
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Course Code Lie Algebras L - T - P - C

MAPE 554 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Structure of Algebra’s : Definition of Lie algebras-
classical examples, ideals, standard isomorphism theo-
rems, nilpotent Lie algebras, solvable Lie algebras, sim-
ple Lie algebras, Engel’s theorem.
Unit 2: 10L
Lie Theory: Lie’s theorem, Jordan decomposition, Car-
tan’s criterion for solvability, Cartan-Killing form, semisim-
plicity, SL(2) representations, Total and Cartan subalge-
bras leading to root systems.
Unit 3: 10L
Root Systems: Learn definition of root systems, basics,
Weyl group- properties, Study of simple root systems,
Dynkin diagrams, classification of simple root systems.
Unit 4: 10L
Finite Dimensional Lie Algebra: Universal envelop-
ing algebra, statement of PBW theorems, roots and weights
calculation in classical set up, statement of Serre’s the-
orem, definition and basic properties of Verma modules,
statement of classification of finite dimensional represen-
tations of simple Lie algebras.

Text Books:

1. Karin Erdmanm, Introduction to Lie Algebra’s, 2006.

2. J E Humphreys, Introduction to Lie Algebras and
Representation Theory, Springer-Verlag.

3. Brian C. Hall, Lie Groups, Lie Algebra’s and Repre-
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sentations.

Reference Books:

1. J. Humphreys, Introduction to Lie Algebras and Rep-
resentation Theory, GTM 9, Springer-Verlag, 1972.

2. G. Gasper, M.Rahman, Basic hypergeometric series,
Cambridge University Press.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Learn basics of Lie algebras, solvable and nilpotent Lie algebras
CO2 Learn semi simple Lie algebras, Cartan’s criterion, connection between

solvable and semi simple Lie algebras, classification of SL(2) modules,
Weyl’s theorem on complete reducibility

CO3 Learn notion of total and Cartan sub algebras, using Cartan sub algebras
slowly lead to root systems

CO4 Learn basics of root systems, Weyl group combinatorics
CO5 Study Classification of root systems leading to classification of simple Lie

algebras
CO6 Universal enveloping algebra definition, statement of Serre’s theorem,

basics of Verma modules and statement of classification of finite
dimensional irreducible representations of semi simple Lie algebras
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Course Code Fourier Analysis L - T - P - C

MAPE 555 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Fourier Series: Fourier coefficient and series, Criteria
for point-wise convergence, Fourier series of continuous
functions, Convergence in norm, Summability methods.
Unit 2: 10L
Fourier Integral: Fourier transforms of L1 functions,
Fourier transform on Lp, p > 2, The convergence and
summability of Fourier integrals.
Unit 3: 10L
The Hilbert Transform: The conjugate Poisson ker-
nel, Theorems of M. Riesz and Kalmogrov, Truncated
integrals and point- wise convergence, Multipliers.
Unit 4: 10L
The Hardy-Littlewood Maximal Functions: Ap-
proximation of the identity, Weak- type inequalities and
almost everywhere convergence, Marcinkiewicz interpo-
lation theorem, Hardy-Littlewood maximal function, Dyadic
maximal function.

Text Books:

1. J. Duoandikoetxea, Fourier Analysis, AMS Book-
store, 2001.

2. T.W. körner, Fourier Analysis, Cambridge Univer-
sity Press.
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Reference Books:

1. Gerald B. Folland, Fourier Analysis and Its Applica-
tions, American Mathematical Society, 1992.

2. J. Arias-De-Reyna, Pointwise Convergence of Fourier
Series,
Journal of the London Mathematical Society, 65(1)
, pp. 139-153, 2002.
DOI: https://doi.org/10.1112/S0024610701002824

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Expand a given function into Fourier series.
CO2 Test convergence and summability of Fourier integrals.
CO3 Apply Marcinkiewicz interpolation theorem.
CO4 Find conjugate Poission kernel and Hilbert transform.
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Course Code Differential Geometry L - T - P - C

MAPE 556 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Local Curve Theory: Serret-Frenet formulation, Fun-
damental existence theorem of space curves.
Unit 2: 10L
Plane Curves and their Global Theory: Rotation
index, Convex curves, Isoperimetric inequality, Four ver-
tex theorem.
Unit 3: 10L
Local Surface Theory: First fundamental form and
arc length, Normal curvature, Geodesic curvature and
Gauss formulae, Geodesics, Parallel vector fields along a
curve and parallelism, the second fundamental form and
the Weingarten map, Principal, Gaussian, Mean and nor-
mal curvatures, Riemannian curvature and Gauss’s the-
orem Egregium, Isometrics and fundamental theorem of
surfaces.
Unit 4: 10L
Global Theory of Surfaces: Geodesic coordinate patches,
Gauss-Bonnet formula and Euler characteristic, Index of
a vector field, Surfaces of constant curvature.

Text Books:

1. R. S. Millman and G. D. Parker, Elements of Differ-
ential Geometry, Prentice Hall Inc., 1977.

2. D. Laugwitz, Differential and Riemannian Geometry,
Academic Press, 2014.
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Reference Books:

1. Andrew Pressley, Elementary Differential Geometry,
Springer, 2010.

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

3. B. O’Neill, Elementary Differential Geometry, Aca-
demic Press, New York, 1966.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Determine the directions of tangent, normal and binormal at point
on the given

CO2 Find the geodesic curve on a given surface
CO3 Find surfaces of constant curvature
CO4 Form tensor quantities and find the corresponding metric tensors
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Course Code Measure and Integration L - T - P - C

MAPE 557 3 - 0 - 0 - 3

Pre-Requisities: MAPC 501
Unit 1: 10L
Lebesgue Measure: Outer measure, Measurable sets,
A non-measurable set, Example of measurable set which
is not a Borel set, Lebesgue measure and its properties,
Measurable functions.
Unit 2: 10L
Abstract Integration: The concept of measurability,
Simple functions, Elementary properties of measures, Arith-
metic in [0,∞], Integration of positive functions.
Unit 3: 10L
Lebesgue’s Theorems: Lebesgue’s monotone conver-
gence theorem, Fatou’s lemma, Lebesgue’s dominated
convergence theorem, Integration of complex functions,
the role played by sets of measure zero.
Unit 4: 10L
Product Measures: Integration on cartesian products,
Product measures, Fubini’s theorem.

Text Books:

1. H. L. Royden, Real Analysis, Pearson, Third Edi-
tion, 2003.

2. W. Rudin, Real and Complex Analysis, Tata McGraw-
Hill Edition, Third edition, 2006.
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Reference Books:

1. G. de Barra, Measure and Integration, Wiley East-
ern, 1981.

2. Terence Tao, An Introduction to Measure Theory,
Graduate Studies in Mathematics, AMS, 2011.

3. G.B. Folland, Real Analysis: Modern Techniques
and Their Applications, John wiley and sons inc. ,
Second Edition, 1999.

4. Paul R. Halmos, Measure Theory, Springer New York,
Illustrated Edition, 2014.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Identify the class of measurable sets
CO2 Derive properties of Lebesgue measurable sets and functions
CO3 Determine whether the given function is Lebesgue integrable or not
CO4 Prove Fatou’s Lemma, Lebesgue’s Monotone convergence theorem and

Lebesgue dominated convergence theorem
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Course Code Graph Theory L - T - P - C

MAPE 558 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Basic Concepts: Graph definition- various kinds of
graphs, incidence matrix, Isomorphism, decomposition,
Special graphs, Paths, cycles and trails - connection in
graphs, Bipartite graphs, Eulerian circuits, Vertex de-
gree and counting, Hamiltonian Cycles - necessary and
sufficient conditions, Review of digraphs.
Unit 2: 10L
Trees: Trees and distance - properties, Spanning trees,
Kruskal and Prim algorithms with proofs of correctness,
Shortest paths - Dijkstra’s algorithm, BFS and DFS al-
gorithms, Application to Chinese postman problem, Trees
in Computer science - rooted trees, binary trees, Huff-
man’s Algorithm.
Unit 3: 10L
Matchings: Matching in a graph and maximum match-
ings, Hall’s matching theorem, Maximum bipartite match-
ing - augmenting path algorithm.
Connectivity: Connectivity, Characterizing 2-connected
graphs, Menger’s theorem, Network flow problems-Ford-
Fulkerson labeling algorithm, Max-flow Min-cut theo-
rem.
Unit 4: 10L
Coloring: Chromatic number, Greedy coloring algo-
rithm, Brooks’ theorem, Graphs with large chromatic
number, Turan’s theorem.
Planar Graphs: Planar graphs, Euler’s formula, dual
of a plane graph, Kuratowski’s theorem, Five Color the-
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orem, Four Colour Problem.

Text Books:

1. Douglas B. West, Introduction to Graph Theory,
Pearson, 2015, Second Edition.

2. R. Diestel, Graph Theory, Springer, 2017, Fifth Edi-
tion.

Reference Books:

1. Narsingh Deo, Graph Theory with Applications to
Engineering and Computer Science, Prentice-Hall,
1979.

2. J. A. Bondy and U. S. R. Murty, Graph Theory,
Springer, 2008.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Examine whether the graphs are isomorphic or not
CO2 Determine whether graphs are Hamiltonian and/or Eulerian
CO3 Construct minimal spanning trees and shortest paths
CO4 Determine the matching in a graph and solve the assignment problem
CO5 Construct planar graphs, colouring of graphs and their applications
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Course Code Mathematical Programming L - T - P - C

MAPE 559 3 - 0 - 0 - 3

Pre-Requisities: MAPC 503
Unit 1: 10L
Linear Programming: Lines and hyperplanes- con-
vex sets, convex hull, Formulation of a Linear Program-
ming Problem - Theorems dealing with vertices of fea-
sible regions and optimality, Graphical solution, Sim-
plex method (including Big-M method and Two-phase
method), Revised simplex method, Dual problem, Dual-
ity theory, Dual simplex method, Sensitivity analysis.
Unit 2: 10L
Trnsportation Problem: Existence of solution, De-
generacy, MODI method (including the theory), Assign-
ment problem, Travelling salesman problem.
Unit 3: 10L
Integer Programming: Gomory’s cutting plane method
for an integer linear programming problem and a mixed
integer linear programming problem.
Unit 4: 10L
Dynamic Programming: Multistage decision process,
Concept of sub optimization, Principle of optimality, Com-
putational procedure in dynamic programming, Applica-
tion to problems involving discrete variables, continuous
variables and constraints involving equations and inequa-
tions.

Text Books:

1. H.A.Taha, Operations Research: An Introduction,
Prentice Hall of India, 2019.

2. Kanti Swarup, Manmohan and P.K.Gupta, Opera-
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tions Research, Sultan Chand and Co., 2006.

3. J.C.Pant, Introduction to Operations Research, Jain
Brothers, 2008.

Reference Books:

1. N.S. Kambo, Mathematical Programming Techniques,
East-West Pub., Delhi, 1999.

2. H.M.Wagner, Principles of Operations Research, Pren-
tice Hall of India, 1980.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Formulate a LPP and understand graphical solution
CO2 Determine the solution of a LPP by simplex methods
CO3 Application of post optimality analysis
CO4 Solution of transportation and assignment problems
CO5 Determine the solution of ILPP
CO6 Determine an optimal solution by dynamic programming
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Course Code Multivariate Data Analysis L - T - P - C

MAPE 560 3 - 0 - 0 - 3

Pre-Requisities: MAPC 505
Unit 1: 10L
Multivariate Analysis of Variance: Introduction -
Differences between MANOVA and discriminant analy-
sis, A hypothetical illustration of MANOVA, A decision
process for MANOVA.
Unit 2: 10L
Conjoint Analysis: Comparing conjoint analysis with
other multivariate methods, Designing a conjoint analy-
sis experiment, Managerial applications of conjoint anal-
ysis, Alternate conjoint methodologies – an illustration
of conjoint analysis.
Unit 3: 10L
Canonical Correlation Analysis: Analysing relation-
ships with canonical correlation- interpreting the canon-
ical variate, Validation and diagnosis.
Unit 4: 10L
Cluster Analysis: Cluster analysis decision process,
Multidimensional scaling, Comparing MDS to other in-
terdependence techniques, A decision framework for per-
ceptual mapping, Correspondence analysis.

Text Books:

1. Joseph F. Hair et al, Multivariate Data Analysis,
CENGAGE, Eighth Edition, 2018.

2. M. G. Kendall, A Course in Multivariate Analysis,
Charles Griffith, 1968.
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Reference Books:

1. Trever Cox, An Introduction of Multivariate Data
Analysis, Holder Education, 2005.

2. Kohei Adachi, Matrix Based Introduction to Multi-
variate Data Analysis, Springer, 2021.

3. Francois Husson, Exploratory Multivariate Analysis
by Example using R, CRC Press, Second Edition,
2020.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Analyse Multivariate Distributions and their characteristics
CO2 Perform MANOVA
CO3 Perform Conjoint analysis
CO4 Analyze Cluster analysis and canonical correlation
CO5 Interpret Multidimensional scaling
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Course Code Integral Equations and L - T - P - C

MAPE 561 Calculus of Variations 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Classification of Liner Integral Equations: Fred-
holm, Volterra, Integro- Differential Equations, Singular
Integral Equations, Differentiation under the sign of inte-
gration, Relation between differential and integral equa-
tions, Solution of Fredholm’s integral equations of second
kind by successive substitutions, Iterated Kernel and Re-
solvent Kernal, Convolution type integral equations.
Unit 2: 10L
Volterra Integral Equations: Volterra’s integral equa-
tions of fist kind, Solution of Volterra’s integral equation
by the method of successive substitutions, Solution of
the Volterra’s integral equation by the method of suc-
cessive approximation, Integral equations with degener-
ated Kernels, Reciprocal functions, Volterra’s solution of
Fredholm’s equations.
Unit 3: 10L
Calculus of Variations: Introduction, Euler’s equa-
tions and its solutions, Isoperimetric problems, Approxi-
mate solution of boundary value problems by (a) Rayleigh-
Ritz method (b) Galerkin’s method.
Unit 4: 10L
Variation Problems: Variation of a functional, Euler-
Lagrange equation, Necessary and sufficient conditions
for extrema, Variational methods for boundary value prob-
lems in ordinary and partial differential equations.
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Text Books:

1. A. S. Gupta, Calculus of Variations, Prentice-Hall
Of India Pvt. Ltd., 2004.

2. M. L. Krasnov, A. I. Kiselev, and G. I. Makarenko,
Problems and Exercises in Integral Equations, Mir
Publ., Moscow, 1971.

3. J. N. Reddy, An introduction to the Finite Element
Method, McGraw Hill, NY, 2006.

4. Shanti Swarup, Linear Integral Equations, Krishna
Prakashan Media (Pvt.) Ltd., 2003.

Reference Books:

1. A. J. Jerri, Introduction to Integral Equation with
Application, Wiley Interscience, 1999.

2. A. C. Pipkin, A Course on Integral Equations, Springer-
Verlag, New York, 1991.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1
To study Integral Equations and to know what is the relationship
between the integral equations and ordinary differential equations

CO2 To solve the linear and non-linear integral equations by different
methods

CO3 To understand the concept of different type of variational problems
CO4 To understand some computation techniques for optimizing single

variable functions
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Course Code Symbolic Computing L - T - P - C

MAPE 562 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Introduction to Mathematica: Difference between
Numeric computing and Symbolic computing, Parts of
Mathematica, Basics of programming in Mathematica,
Built-in functions and constants, Numeric calculation us-
ing Mathematica, Symbolic computing with Mathemat-
ica.
Unit 2: 10L
Built-in function for Matrices and Linear Alge-
bra: Built-in function for Matrices and Linear Algebra,
solving equations, Calculus with Mathematica, Solving
ordinary Differential equations with Mathematica, Graph-
ics and built-in graphics functions, User defined func-
tions, Conditionals and looping in Mathematica, Mod-
ules, Simple programs using Mathematica.
Unit 3: 10L
Introduction to MATLAB: Advantages and disad-
vantages of MATLAB, MATLAB environment, MAT-
LAB basics, Programming in MATLAB, Built-in func-
tions.
Unit 4: 10L
Application to Linear Algebra: Application to Lin-
ear algebra, curve fitting and interpolation, numerical
integration and solving Ordinary differential equations.
Branching statements, loops and program design, User
defined functions, Input and output functions, introduc-
tion to plotting, handling Graphics.
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Text Books:

1. Paul R.Wellin, Mathematica, Wolfram Research Inc.,
2005.

2. Cleve Moler, Numerical Computing with MATLAB,
SIAM, 2004.

Reference Books:

1. M.L. Abell, J.P. Braselton, Mathematica by exam-
ple, Academic Press, 2021.

2. Pratap R. Getting started with MATLAB: a quick
introduction for scientists and engineers. Oxford
University Press, Inc.; 2009.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Introduce the fundamental concepts of symbolic computing
CO2 Provide a foundation to use basic building blocks of

Mathematica and Matlab
CO3 Learn to write Mathematica and Matlab Scripts.
CO4 Explore various applications of Matlab in Mathematics
CO5 Provide the basic knowledge to use Matlab for programming
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Course Code Wavelet Analysis L - T - P - C

MAPE 563 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Haar Wavelets: Heuristic treatment of the wavelet
transform, Wavelet transform – Haar wavelet expansion,
Haar functions and Haar series, Haar sums and Dyadic
projections, Completeness of the Haar functions.
Unit 2: 10L
Haar Series: Haar series in C0 and Lp spaces, Point
wise convergence of Haar series, Construction of stan-
dard Brownian motion, Haar function representation of
Brownian motion.
Unit 3: 10L
Multi-Resolution Analysis: Orthogonal systems, Scal-
ing functions, from scaling function to MRA, Meyer wavelets,
from scaling function to ortho-normal wavelet, Wavelets
with compact support - From scaling filter to scaling
function, Explicit representation of compact wavelets,
Daubechies recipe, Hernandez-Weiss recipe, Smoothness
of wavelets.
Unit 4: 10L
Convergence Properties of Wavelet Expansions:
Wavelet series in Lp spaces, Large scale analysis, Almost
everywhere convergence, Convergence at a pre-assigned
point, Wavelets in several variables, Tensor product of
wavelets, general formulation of MRA and wavelets in
Rd, Examples of wavelets in Rd.
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Text Books:

1. Mark A. Pinsky, Introduction to Fourier Analysis
and Wavelets, Cenage Learning India Pvt. Ltd, 2002.

2. M. V. Altaisky, Wavelets Theory: Applications Im-
plementation, University Press, 2009.

Reference Books:

1. Walnut, David F, An Introduction to Wavelet Anal-
ysis, Springer Nature Switzerland AG, 2021.

2. Sabrine Arfaoui, Anouar Ben Mabrouk, Carlo Cat-
tani, Wavelet Analysis Basic Concepts and Applica-
tions, Chapman and Hall/CRC, 2021.

3. Michael W. Frazier, An Introduction to Wavelets
Through Linear Algebra, Springer-Verlag New York,
First Edition, 1999.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Expand a function in Haar wavelets
CO2 Construct Meyer wavelets to a given function
CO3 Find Daubechies wavelet series to a given function
CO4 Analyse two or more dimensional problems using wavelets
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Course Code Iterative Methods L - T - P - C

MAPE 564 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Adomian Decomposition Method (ADM):
The ADM for solving differential equations, Convergence
of ADM, ADM in several dimensions, Solving boundary
value problems using ADM, Modified ADM, Mathemat-
ica code of ADM.
Unit 2: 10L
Homotopy Perturbation Method (HPM):
The HPM algorithm, Convergence analysis, Applications.
Unit 3: 10L
Homotopy Analysis Method (HAM): The HAM al-
gorithm, Convergence analysis, The role of auxiliary pa-
rameter, Control of convergence, Relation to ADM and
HPM, Applications of HAM to solve nonlinear equations.
Unit 4: 10L
Variational Iteration Method (VIM): The VIM al-
gorithm, Convergence of VIM, Applications to solve or-
dinary differential equations, Solving system of fractional
differential equations using ADM.

Text Books:

1. G. Adomian, Solving frontier problems in Physics:
The decomposition method, Kluwer Academic Pub-
lishers, London, 1994.

2. S. Liao, Beyond perturbation: introduction to the
homotopy analysis method, CRC press, 2003.

3. Belal Batiha, Variational Iteration Method and its
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applications, LAP Lambert Academic Publishing, 2012.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Solve differential equations using ADM
CO2 Get solutions of differential equations by HPM
CO3 Find solutions of fluid dynamics problems using HAM
CO4 Apply VIM for ODEs
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Course Code Perturbation Methods L - T - P - C

MAPE 565 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Introduction: Parameter perturbations, Coordinate per-
turbations, Order symbols and Gauge functions, Asymp-
totic expansions and sequences, Convergent versus asymp-
totic series, Nonuniform expansions, Elementary opera-
tions on asymptotic expansions.
Unit 2: 10L
Straight Forward Expansions and Sources of
Nonuniformity: Infinite domains, A small parameter
multiplying highest derivative, Type change of partial
differential equations, The presence of singularities, The
role of coordinate systems.
Unit 3: 10L
The Method of Strained Coordinates: The method
of strained parameters, Lighthill’s technique, Temple’s
technique, Renormalization technique, Limitations of the
method of strained coordinates.
The methods of Matched and Composite Asymp-
totic Expansions: The methods of matched asymp-
totic expansions, The methods of composite asymptotic
expansions.
Unit 4: 10L
Variation of Parameters and Methods of Averag-
ing: Variation of parameters, The method of averaging,
Struble’s technique, The Krylov-Bogoliubov-Mitropolski
technique, The method of averaging by using canoni-
cal variables, Von-Zeipel’s procedure, averaging by using
the Lie series and transforms, averaging by using La-
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grangians.

Text Books:

1. A. H. Nayfeh, Perturbation Methods, Wiley, New
York, 2008.

2. A.H. Nayfeh, Introduction to Perturbation Techniques,
John Wiley & Sons, 2011.

Reference Books:

1. Carl M. Bender Steven A. Orszag, Advanced Mathe-
matical Methods for Scientists and Engineers I: Asymp-
totic Methods and Perturbation Theory, Springer-
Verlag New York, First Edition, 1999.

2. J. Kevorkian and J. D. Cole, Perturbation Methods
in Applied Mathematics, Springer, New York, Re-
vised Edition, 1981.

3. Milton Van Dyke, Perturbation Methods in Fluid
Dynamics, Academic Press, Digitized Version, 2008.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Solve perturbation problems in differential equations
CO2 Understand boundary layer in fluid flow problems
CO3 Understand regular and singular perturbation theory
CO4 Use asymptotic expansions to solve perturbation problems
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Course Code Spectral Methods L - T - P - C

MAPE 566 3 - 0 - 0 - 3

Pre-Requisities: MAPC 508
Unit 1: 10L
Basics of Matlab: Introduction to Matlab, Program-
ming in Matlab, Branching and looping, Built-in func-
tions and user defined functions.
Spectral Methods: Historical background, Introduc-
tion to spectral methods via orthogonal functions, some
examples of spectral methods, Spectral differentiation
versus Finite differences, MATLAB as a tool in prob-
lem solving, Basic layout of spectral methods.
Unit 2: 10L
Fourier Spectral Differentiation: Fourier approxi-
mation, Fourier spectral differentiation via differentia-
tion matrices, Smoothness and accuracy, Aliasing and
aliasing removal, MATLAB demonstrations.
Unit 3: 10L
Chebyshev Spectral Differentiation: Polynomial ap-
proximation, Jacobi polynomials, Chebyshev spectral dif-
ferentiation via Differentiation matrices, Smoothness and
accuracy, MATLAB demonstrations.
Unit 4: 10L
Initial Value Problems: Spectral method treatment of
problems with mixed initial/boundary conditions, Semi-
implicit methods, Case studies and MATLAB demon-
strations.
Boundary Value Problems: Spectral method treat-
ment of problems Dirichlet/Neumann/Robin type bound-
ary conditions, Eigen boundary value problems, Bound-
ary value problems in Polar coordinates, Differential eigen
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problems, Case studies and MATLAB demonstrations.

Text Books:

1. Cleve Moler, Numerical Computing with MATLAB,
SIAM, 2004.

2. L. N. Trefethen, Spectral Methods in Matlab, SIAM,
2000.

3. C. Canuto, M.Y. Hussaini, Spectral Methods: Fun-
damentals in Single Domain, A. Quarteroni and T.
A. Zang, Springer Verlag, First Edition, 2006.

Reference Books:

1. D. Gottlieb and S. A. Orszag, Numerical Analysis of
Spectral Methods: Theory and Applications, CBMS-
NSF 26, Philadelphia: SIAM, 1987.

2. C. Canuto, M.Y. Hussaini, A. Quarteroni and T.A.
Zang, Spectral Methods in Fluid Dynamics, Springer-
Verlag Berlin Heidelberg, First Edition, 1988.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Understand the basics of MATLAB
CO2 Understand the basics of spectral methods

CO3
Evaluate Fourier and Chebyshev spectral differentiation using
differentiation matrices and FFT’s

CO4 Solve IVP’s and BVP’s using spectral methods
CO5 Determine stability, convergence criterions and stiffness
CO6 Understand the mathematical concepts of spectral element methods
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Course Code Computational Fluid L - T - P - C

MAPE 567 Dynamics 3 - 0 - 0 - 3

Pre-Requisities: MAPC 515
Unit 1: 10L
Basics of Computational Fluid Dynamics: Gov-
erning equations of fluid dynamics – Continuity, Momen-
tum and Energy equations, Chemical species transport –
Physical boundary conditions, Time-averaged equations
for Turbulent Flow, Turbulent–Kinetic Energy Equations,
Mathematical behaviour of PDEs on CFD, Elliptic, Parabolic
and Hyperbolic equations.
Unit 2: 10L
Finite Difference Methods: Mixed derivatives, Accu-
racy, Finite difference formulation, Explicit and Implicit
schemes, von Neumann stability analysis, schemes for
Parabolic, Elliptic and Hyperbolic equations, Schemes
for Burger’s equation.
Unit 3: 10L
Coordinate Transformation and Boundary Con-
ditions: Arbitrary geometries, Determination of Jaco-
bians and Transformed equations, Applications of Neu-
mann Boundary Conditions, Artificial compressibility method,
Pressure Correction method (Self-Implicit method).
Unit 4: 10L
Nonlinear Equations: Euler equations, Quasilineariza-
tion, eigenvalues and compatibility relations, Charac-
teristic variables, Central schemes with combined space
and time discretization, Nonlinear problems, Convection
dominated flows, Linearized Burger’s equations.
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Text Books:

1. T. J. Chung, Computational Fluid Dynamics, Cam-
bridge Univ. Press, 2003.

2. C.A.J. Fletcher, Computational Techniques for Fluid
Dynamics, Springer-Verlag, Berlin, Volumes: I and
II, 1991.

Reference Books:

1. K. Muralidhar and T. Sundarajan, Computational
Fluid Flow and Heat Transfer, Narosa Publishing
House, 2003.

2. W.F.Ames, Numerical Method for Partial Differen-
tial Equation, Academic Press, 2014.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Classification of physical behaviours of governing equations
CO2 Understand the effect of turbulent fluctuations on properties of the

mean flow
CO3 Handle the errors and uncertainty in CFD modelling
CO4 Differentiate DNS, LES, subgrid scale models in turbulence flow
CO5 Simulate the flow in complex geometries using unstructured grids
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Course Code Finite Element Method L - T - P - C

MAPE 568 3 - 0 - 0 - 3

Pre-Requisities:MAPC 506 & MAPC 507
Unit 1: 10L
Calculus of Variations: Introduction, Euler’s Equa-
tion, Euler Lagrange Equations, Ostrogradsky equation.
Unit 2: 10L
Variational Formulation: Variational Formulation for
a boundary value problem with homogeneous and non-
homogeneous boundary conditions, Rayleigh- Ritz mini-
mization, Weighted residuals - Collocation, Least squares
method, Galerkin, Petrov-Galerkin methods for bound-
ary value problems.
Unit 3: 10L
One Dimensional Problem: Solution of one - dimen-
sional boundary value problems by linear, quadratic and
cubic shape functions.
Unit 4: 10L
Two Dimensional Problems: Solution of two - di-
mensional boundary value problems by linear, quadratic
and cubic rectangular, serendipity and triangular shape
functions. Time Dependent Problems: One - dimen-
sional heat and wave equations.

Text Books:

1. J. N. Reddy, An introduction to the Finite Element
Method, McGraw Hill, 4th Edition, 2020.

2. I. J. Chung, Finite Element Analysis in Fluid Dy-
namics, McGraw-Hill International Book Company,
Digitized Version, 2007.
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Reference Books:

1. O. C. Zienkiewiez and K. Morgan, Finite Elements
and Approximation, John Wiley, 1983.

2. P. E. Lewis and J. P. Ward, The Finite Element
Method – Principles and Applications, Addison Wes-
ley, 1991.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Determine an extremum by calculus of variations approach
CO2 Formulate a variational problem for a boundary value problem
CO3 Find the solution of one-dimensional problems
CO4 Find the solution of two-dimensional problems by rectangular elements
CO5 Find the solution of two-dimensional problems by triangular elements
CO6 Solve the time dependent problems
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Course Code Dynamical Systems L - T - P - C

MAPE 569 3 - 0 - 0 - 3

Pre-Requisities: MAPC 508 & MAPE 551
Unit 1: 10L
Qualitative Features: Autonomous and nonautonomous
Systems- Equilibrium Points, Phase space/phase plane
and phase trajectories, Stability, Attractors and Repellers,
Classification of equilibrium points, Limit cycle motion,
Periodic attractor, Poincare - Bendixson theorem, Higher
dimensional systems, Lorenz equations, Quasiperiodic
attractor, Poincare map, Chaotic attractor - Dissipative
and conservative systems, Hamiltonian systems.
Unit 2: 10L
Bifurcations and Onset of Chaos in Dissipative
Systems: Saddle-node bifurcation - Pitchfork bifurca-
tion, Transcritical bifurcation, Hopf bifurcation, Discrete
dynamical systems, Logistic map - Equilibrium points
and their stability, Periodic solutions or cycles, Period
doubling phenomenon, Onset of chaos- Sensitive depen-
dence on initial conditions, Lyapunov exponent, Bifur-
cation diagram, Logistic map, Strange attractor in the
Henon map, Self-similar structure, Route to chaos.
Unit 3: 10L
Chaos in Conservative Systems: Poincare cross sec-
tion, Orbits in conservative systems - Regular and irreg-
ular trajectories, Canonical perturbation theory, Over-
lapping resonances and chaos, Periodically driven un-
damped duffing oscillator, The standard map, Linear sta-
bility and invariant curves, Numerical analysis: Regular
and chaotic motions.
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Unit 4: 10L
Characterization of Regular and Chaotic Motions:
Lyapunov exponents, Numerical computation of Lyapunov
exponents, One-dimensional map, Computation of Lya-
punov exponents for continuous time dynamical systems,
Power spectrum and dynamical motion, Autocorrelation,
Criteria for chaotic motion.

Text Books:

1. M. Lakshmanan, S. Rajasekar, Nonlinear Dynamics:
Integrability, Chaos and Patterns, Springer, First
edition, 2010.

2. George F. Simmons, Differential Equations with Ap-
plications and Historical Notes, McGraw-Hill, Sec-
ond Edition, 2003.

Reference Books:

1. Hirsch, Smale and Devaney, Differential Equations,
Dynamical Systems, and an Introduction to Chaos,
Elsevier Academic Press, USA, 2004.

2. Lawrence Perko, Differential Equations and Dynam-
ical Systems, Third Edition, Springer-Verlag, 2010.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Identify Autonomous and Nonautonomous Systems
CO2 Understand Limit Cycle Motion and Periodic Attractor
CO3 Differentiate Dissipative and Conservative Systems
CO4 Understand different types of bifurcations
CO5 Apply Poincare Bendixson Theory.
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Course Code Mathematics of Data L - T - P - C

MAPE 570 Science 3 - 0 - 0 - 3

Pre-Requisites: NIL
Unit 1: 10L
Introduction and Algebra: Introduction of Data Sci-
ence, Visualization of data, Resampling, Distributions,
Linear Model & Baysian Model, Simple examples, Gradi-
ents of Vector-Valued Functions, Gradients of Matrices,
Useful Identities for Computing Gradients, Backpropa-
gation and Automatic Differentiation.
Unit 2: 10L
Statistics: Parameter Estimation, Bayesian Linear Re-
gression, Maximum Likelihood as Orthogonal Projec-
tion, Principal Component Analysis (PCA), Spectral Clus-
tering, Cheeger’s inequality, Concentration of measure
and tail bounds in probability, Dimension reduction through
Johnson-Lindelstrauss Lemma and Gordon’s Escape through
a Mesh theorem.
Unit 3: 10L
Graph Theory: Approximation algorithms in Theoret-
ical Computer science and the Max-cut problem, Clus-
tering of random graphs, Stochastic Block model, Syn-
chronization, Inverse problems on graphs.
Unit 4: 10L
Optimization: Continuous Optimization, Basics of du-
ality in Optimization, Convex Optimization.

Text Books:

1. Joel Grus, Data science from scratch, O’Reilly Me-
dia, 2015.

2. Murtaza Haider, Getting started with data science,
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IBM Press, 2016.

Reference Books:

1. Lillian Pierson, Data science for Dummies, Wiley,
Second Edition, 2017.

2. J Koponen & J Hidden, Data Visualization Hand-
book, CRC Press, 2019.

3. A. Aldo Faisal, Cheng Soon Ong, Mathematics for
Machine Learning, Marc Peter Deisenroth, Cambridge
University Press, 2019.

Course Outcomes: At the end of the course, the stu-
dent will be able to:

CO1 Analyze the basics of data science
CO2 Apply PCA
CO3 Analyze spectral clustering
CO4 Compute dimension reduction and clustering of random graphs
CO5 Apply approximation algorithms
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Course Code Preparative Research
Project

L - T - P - C

MAPC 521 0 - 0 - 4 - 2

Course Outcomes:
At the end of the course the students will be able to :
CO1: Learn about numerous fields of research.
CO2: Increase their skills in the relevant areas of exper-
tise.
CO3: Improve collaboration abilities.
CO4: Participate in group activities.
CO5: Formulate the problem of engineering and sciences
into mathematical form.

Syllabus:
Students will work on a research topic in a group under
the guidance of faculty member(s).

Preparative Research Project:
DAC will assign each student to a faculty member for
this term project work. It must be carried out on a topic
selected by the student in consultation with the super-
visor. Throughout the semester, the project supervisor
will periodically evaluate the student’s progress. Every
student is required to give a seminar, which will be eval-
uated by DAC.
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Course Code Research Project and
Comprehensive Viva

L - T - P - C

MAPC 524 0 - 0 - 20 - 10

Course Outcomes:
At the end of the course the students will be able to :
CO1: Strengthen their skills in the appropriate fields of
expertise.
CO2: Enhance ability to collaborate.
CO3: Take part in teamwork activity.
CO4: Formulate the problem of engineering and sciences
into mathematical form.

Syllabus:
Students will work on a research topic in a group under
the guidance of faculty member(s).

Research Project:
DAC will assign each student to a faculty member for
this term project work. It must be carried out on a topic
selected by the student in consultation with the super-
visor. Throughout the semester, the project supervisor
will periodically evaluate the student’s progress. DAC
will evaluate the progress of the work in the middle of the
semester. Finally, the student must submit the project
report before the completion of the IV semester exami-
nations and present the findings for the final grade.
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Syllabus of Non-Conventional Institute Core (Sports) 

Course Code: SWNC101 L T/P C 

Course Title: Physical Education & Sports 0 2 1 

 

 

Course Objective 
Physical Education and Sports develop confidence, contributing to academic performance and mental health.  

Physical activity is a great way to relieve stress, promoting positive physical and mental health and enhanced 

learning aptitude. The class duration of 90 minutes will be divided into 02 segments comprising of 

Units 1 and 2.  
 First 30 minutes of the class will be an interactive session where the students will be oriented and 

introduced to the different aspects of Physical Education and Sports.  

 In the next 60 minutes of the class every students shall practice different skills and techniques of 

Athletics comprising of Track and Field events or any other specific games/sports of their choice. 

 

Syllabus 
 

Unit 1 

 
Introduction to Physical Education 

• Meaning & definition of Physical Education 

• Aims & Objectives of Physical Education 

 

Sports awards and honours 

 Awards and Honours in the field of Sports in India (Dronacharya Award, Arjuna Award, 

Dhayanchand Award, Rajiv Gandhi Khel Ratna Award etc.) 

 

Olympic Movement 

• Ancient & Modern Olympics (Summer & Winter) 

• Olympic Symbols, Ideals, Objectives & Values 

 

Physical Fitness, Wellness & Lifestyle 

• Meaning & Importance of Physical Fitness 

• Components of Physical fitness 

• Components of Health related fitness Meaning & Importance of Wellness, Components of 

wellness 

• Preventing Health Threats through Lifestyle Change 

• Concept of Positive Lifestyle: Importance of Balance Diet etc. 

 

Fundamentals of Anatomy & Physiology in Physical Education and Sports 

• Define Anatomy, Physiology & Its Importance 

• Effect of exercise on the functioning of Various Body Systems. (Circulatory System, 

Respiratory System, Neuro-Muscular System etc.) 

 

Kinesiology, Biomechanics & Sports 
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•  Meaning & Importance of Kinesiology & Biomechanics in Physical Edu. & Sports 

•  Biomechanical principles & its application in sports. (Laws of motion, Friction, Projectile etc.) 

 

 

Postures 

• Meaning and Concept of Postures. 

• Causes of Bad Posture. 

• Advantages & disadvantages of weight training. 

• Concept & advantages of Correct Posture. Common Postural Deformities – Knock Knee; Flat 

Foot; Round Shoulders; Lordosis, Kyphosis, Bow Legs and Scoliosis, Corrective Measures for 

Postural Deformities 

 

Training and Planning In Sports 

• Meaning of Training 

• Warming up and limbering down 

• Skill, Technique & Style 

 

Psychology & Sports 

• Definition & Importance of Psychology in Physical Edu. & Sports 

• Define & Differentiate Between Growth & Development 

• Adolescent Problems & Their Management 

• Emotion: Concept, Type & Controlling of emotions 

• Meaning, Concept & Types of Aggressions in Sports. 

 

Doping 

• Meaning and Concept of Doping 

• Prohibited Substances & Methods 

• Side Effects of Prohibited Substances 

 

Sports Medicine 

• First Aid – Definition, Aims & Objectives. 

• Sports injuries: Classification, Causes & Prevention and Management of Injuries: Soft Tissue 

Injuries and Bone & Joint Injuries 

 

 

 

 

 

Unit-2 

(Practical-Sports Specific) Each student has to compulsorily opt for one game/sport so that he/she 

can be assessed on their performance in the same accordingly for all the 03 years. 

 

Each student will be given practical knowledge about the basic fundamentals of various games and sports 

and Athletic Events be it Track or Field thereby developing the skill. 

 

Following sub topics related to any one Game/Sport of choice of student out of: Athletics, Badminton, 

Basketball, Chess, Cricket, Kabaddi, Lawn Tennis, Swimming, Table Tennis, Volleyball etc.  

1. History of the Game/Sport. 
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2. Latest General Rules of the Game/Sport. 

3. Specifications of Play Fields and Related Sports Equipment. 

4. Important Tournaments and Venues. 

5. Sports Personalities. 

6. Proper Sports Gear and its Importance 

 

 

      REFERENCE BOOKS: 

1. Modern Trends and Physical Education by Prof. Ajmer Singh. 

2. Health and Physical Education – NCERT 

 

 

Distribution of Marks: Total 100 (10+30+20+40) 

 
1. Class Attendance / Punctuality –     10 marks 

2. Active Participation Sports Related Activities -    30 marks 

(CITIUS, RUN FOR Unity, Prabhat Pheri etc.) 

3. Viva/Subject Knowledge-      20 marks 

4. Practical Exam at the end of 6th Sem (Modified Fitness Test)-  40 marks 

 

  

Note – PWD Students will be exempted from taking part in physical activities and the Modified 

Physical Fitness Test.



19 
 

Syllabus of Non-Conventional Institute Core (Yoga) 

 

Course Code: SWNC101 L T/P C 

Course Title: Yoga 0 4 2 

 

 

Introduction: Yoga education in Institute can immensely contribute to health of children by 

disseminating knowledge and awareness about the value of health, inculcating and nurturing 

health promoting habits and life style. 

 

Objectives of the course: 

 To enable the student to have good physical and mental health.  

 To improve cognitive ability.  

 To improve the level of consciousness.  

 

 

UNIT-I 

Introduction to Yog 
 Brief introduction to origin of Yog, Psychological aspects leading to origin of 

Yog, Hindu Mythological concepts about origin of Yog 
 History and Development of Yog 
 Etymology and Definitions of Yog, Aim and Objectives of Yog, 

Misconceptions about Yog, True Nature of Yog 

 General Introduction to Schools of Yog 

 Principles of Yog, Yog Practices for Health and Harmony 

 

UNIT-II 

Yog and You 
 Concept of Health- Aahaar, Nidra, Bharmacharaya, Viyayaam. 
 Aarogya - Prevention, Cure and Remedies. 
 Life Management and Development. 

 

 

UNIT-III  

Yog for Health Promotion –  

 Brief introduction to human body  

 Role of yog for health promotion  

 Yogic attitudes and practices  

 Holistic approach of yog towards the health and diseases  

 Introduction to yog diet and its relevance and importance in yog Sadhana 

 Dincharya and Ritucharya with respect of yogic lifestyle 
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UNIT-IV 

Yog as Preventive measure for Lifestyle Disease  
 Obesity: Procedure, Benefits & Contraindications for Tadasana, Katichakrasana, 

Pavanmuktasana, Matsayasana, Halasana, Pachimottansana, Ardha – 

Matsyendrasana, Dhanurasana, Ushtrasana, Suryabedhan pranayama.  

 Diabetes: Procedure, Benefits & Contraindications for Katichakrasana, 

Pavanmuktasana,Bhujangasana, Shalabhasana, Dhanurasana, Supta-vajarasana, 

Paschimottanasana, Ardha-Mastendrasana, Mandukasana, Gomukasana, 

Yogmudra, Ushtrasana, Kapalabhati.  

 Asthma: Procedure, Benefits & Contraindications for Tadasana, 

Urdhwahastottansana, UttanMandukasana, Bhujangasana, Dhanurasana, 

Ushtrasana, Vakrasana, Kapalbhati, Gomukhasana Matsyaasana, Anuloma-

Viloma.  

 Hypertension: Procedure, Benefits & Contraindications for Tadasana, 

Katichakransan, Uttanpadasana, Ardha Halasana, Sarala Matyasana, 

Gomukhasana, UttanMandukasana, Vakrasana, Bhujangasana, Makarasana, 

Shavasana, Nadishodhanapranayam, Sitlipranayam. 

 

UNIT-V (Yogic Practice) 

  

 1. YOGIC SUKSMA VYAYAMA 

Uccharana-sthalatatha Vishudha-chakra-shuddhi (for throat and voice) 

Prarthana (Prayer) 

Buddhi-tatha-dhritishakti-vikasaka (for developing will power) 

Smaranashakti-vikasaka (for improving the memory) 

Medhashakti-vikasaka (for improving the intellect and memory) 

Netrashakti-vikasaka (for the eyes) 

Kapolashakti-vardhaka (for the cheeks) 

Karnashakti-vardhaka (for the ears) 

Grivashakti-vikasaka (for the Neck)  

Grivashakti-vikasaka (for the Neck)  

Grivashakti-vikasaka (for the Neck)  

Skandha-tatha-bahu-mulashakti-vikasaka (for the shoulders) 

Bhuja-bandhashakti-vikasaka 

Kohinishakti-vikasaka 

Bhuja-vallishakti-vikasaka 

Purna-bhujashakti-vikasaka (for the arms) 

Mani-bandhashakti-vikasaka 

Kara-prsthashakti-vikasaka 

Kara-talashakti-vikasaka 

Anguli-mulashakti-vikasaka (for the fingers)  

Anguli- shakti-vikasaka (for the fingers)  

Vaksa-sthalashakti-vikasaka (for the chest) 

Vaksa-sthalashakti-vikasaka (for the chest)  

Udarashakti-vikasaka (for the abdomen) 
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Udarashakti-vikasaka (for the abdomen)  

Udarasakti-vikasaka (for the abdomen)  

Udarashakti-vikasaka (for the abdomen)  

Udarashakti-vikasaka (for the abdomen) 

Udarashakti-vikasaka (for the abdomen)  

Udarashakti-vikasaka (for the abdomen)  

Udarashakti-vikasaka (for the abdomen)  

Udarashakti-vikasaka (for the abdomen)  

Udarashakti-vikasaka (for the abdomen)  

Kati shakti-vikasaka (for the waist)  

Kati shakti-vikasaka (for the waist)  

Kati shakti-vikasaka (for the waist)  

Kati shakti-vikasaka (for the waist)  

Kati shakti-vikasaka (for the waist)  

Muladhara-chakra-suddhi (for the rectum) 

Upasthatatha-svadhisthana-chakra-suddhi (for the genital organs) 

Kundalinishakti-vikasaka (for the kundalini) 

Janghashakti-vikasaka (for the thighs)  

Janghashakti-vikasaka (for the thighs)  

Janushakti-vikasaka (for the knees) 

Pindalishakti-vikasaka (for the calves) 

Pada-mulashakti-vikasaka  

Gulpha-pada-pristha-pada-tala-shakti-vikasaka (for the ankles and the feet) 

Padangulishakti-vikasaka (for the toes) 

 

2. YOGSANA (Sitting Postures) 

Dandasana, Swastikasana, Padmasana,Vajrasana, Supta Vajrasana, Kagasana, 

Utkatasana, Gomukhasana,Ushtrasana, Shashankasana, Janusirasana, 

Paschimottanasana, Bhramacharyasana, Mandukasana, Utthana Mandukasana, 

Vakrasana, Ardha Matsyendrasana, Marichayasana, Simhasana 

 

3. YOGSANA (Supine lying Postures) 

Pavanamuktasan, Utthana-padasana, Ardha Halasana, Halasana, 

Setubandha Sarvangasana, Sarvangasana, Matsyasana, Chakrasana, 

Shavasana 

 

4. YOGSANA (Prone lying Postures) 

Makarasana, Bhujangasana, Shalabhasana, Dhanurasana, Kapotasana, Raja 

Kapotasana 

 

5. PRANAYAMA (with Antar & Bahya Kumbhaka) 
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Surya-bhedi and Chandra-bhedi Pranayama, Ujjayi Pranayama, Sheetali 

Pranayama, Shitkari Pranayama, Bhastrika Pranayama 

 

6. BANDHA 

Jivha Bandha, Jalandhara Bandha, Uddiyana Bandha, Mula Bandha, Maha 

Bandha, Tri Bandha 

 

7. PRACTICES LEADING TO MEDITATION 

Ajapa Dharana, Yog Nidra, Practices leading to Breath Meditation, 

Practices leading to Om Meditation 

 

8. YOGSANA 

Siddhasana, Bhadrasana, Baddha Padmasana, Uttitha Padmasana, 

Bhunamanasana, Hanumanasana, Bakasana, Kukkutasana, Garbhasana, 

Matsyendrasana, Marjariasana, Padangusthasana, Hastapadangusthasana, 

Garudasana, Vatayanasana, Natarajasana, Mayurasana, Padma Mayurasana, 

Sirshasana and its variations, Ekapada and Dwipada Kandarasana 

 

 

9. MUDRAS 

Yog Mudra, Maha Mudra, Shanmukhi Mudra, Shambhavi Mudra, Kaki 

Mudra, Tadagi Mudra, Vipareet Karni Mudra, Simha Mudra 

 

 

 

Distribution of Marks: Total 100 (10+30+20+40) 

1. Class Attendance / Punctuality –     10 marks 

2. Active Participation in Sports Related Activities -   30 marks 

3. Viva/Subject Knowledge-     20 marks 

4. End Semester Practical Exam (Yogic Practice)-   40 marks  

 

 

  




