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Real Analysis

[1% Semester, First Year]

Course Deseription

Offered by Department Credits Status Code
Mathematics 400 Core MAgo1103MA

[Pre-requisites: Graduation Level Mathematics]

Course Objectives.
‘To expose students to understand the basic concepts in Real analysis. To enable students to learn basic concepts about metric
spaces, functions of several variables, Reimann-Stieltjes integral, sequence and series of functions, improper integrals.

Course Content
Unit1

Metic spaces: Open sets, Closed sets, and Convergent sequences, Complete metric space, compact metric space, separable
‘metric space, Cantor intersection theorem, Baire category theorem, Fiite intersection property.

Uni
Functions of several variables: Linear transformations, Differentiation, Contraction principle, inverse function theorem,
implicit function theorem, Riemann-Stieltjes integral, Definition and Existence of the integral, Properties of the integral,
Differentiation and integration.

Unit-3.
Sequence and series of functions: Pointwise convergence, Uniform convergence, Cauchy's criterion, Weierstrass M-test,
Uniform convergence and continuity, Uniform convergence and integration, Uniform convergence, and differentiation.

Unit-g
Improper integrals: Improper ntegal o the first kind, second kind, and third kind, comparison tests, Absolute convergence,
Abelstest, Dirichlets test.

Course Materials

Required Text: Textbooks
1. W. Rudin, Principles of Mathematical Analysis, McGraw Hill, 1976.
2. H. L. Royden, Real Analysis, Macmillan Publishing company, 1988.

Optional Materials: Reference Books
1.R.G. Bartle, D. R. Sherber, Introduction to Real Analysis, John Wiley and Sons, 2000.
2.5.C. Malik, Savita Arora, Mathematical Analysis, New Age International, 2005.
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Ordinary Differential Equations

[ist Semester, First Year]

Course Description

Offered by Department Credits Status Code
Mathematics 4-0-0 Core MA9O1104MA

[Pre-requisites: Graduation Level Mathematics)

Course Objectives

learn the quantitative information and qualitative methods which provide a good understanding of
n (ODE). The basics of stability of autonomous systems and the solution of boundary value

Qualitative Properties of Soluti to ODE, Existence and uniqueness theorem, Oscillations and the Sturm
Separation theorem, the Sturm Comparison theorem.

: Legendre equation and Legendre polynomials, Bessel equation and Bessel functions of first and second kinds.

Unit:g

‘Stability of linear ODE: Autonomous and non-autonomous system and their stability. System of Linear ordinary differential
equations, Stability theory for system of linear ordinary differential equations, Phase portraits for system of two linear
equations.

Unit-4
Boundary Value Problems: Sturm-Liouville Boundary Value Problem, Green's Function to solve boundary value problem.

Course Materials

Required Text: Textbooks
1 S.G. Deo, D. Lakshmikantham, V. Raghavendra, Textbook of Ordinary Differential Equations, Tata McGraw Hill,

2. M.D. Raisinghania, Advanced Differential Equations, S. Chand, 2018.
3 M. Brown, Differential Equations and Their Applications, Springer, 1992.
4 S.L Ross, Introduction to Ordinary Differential Equations, Wiley, 1980.

‘Optional Materials: Reference Books
1. E.A. Coddington and H. Davinson: Theory of Ordinary Differential Equations, McGraw Hill, NY, 1955.
2. L Perko, Differential Equations and Dynamical Systems, Springer, New York, 2010
5. C.Y. Lin, Theory and Examples of Ordinary Differential Equations, World Scientific, 2011.
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Discrete Mathematics

[ist Semester, First Year]

Course Deseription

Offered by Department Credits Status Code
Mathematics 400 Core MAgo1105MA

[Pre-requisites: Graduation Level Mathematics]

Course Objectives
‘The main objective to understand the student’s Logical and Mathematical maturity. Main formulas in combinatorics: enumerations of
subsets, enumerations of injections, surjetions, bijections. Main defiitions, some classical theorems on graphs and apply graphs in
concrete situations. Understanding of Basic concepts of Coding theory.

Course Content
Unit-1:

Formal Logic-Statements. Symbolic Representation, Tautology, Contradictions, Quantifiers, Predicates and Validity of Arguments,
logical equivalence Propositional Logic, Indirect Proofs, Properties of binary relations, Equivalence relations and partitions, Partial and
total ordering relations, Transitive closure and Warshals algorithm, Lattices as partialy ordered sets, Lattices us Algebraic Systems,
Sublattices, Direct products, and Homomorphisms. Some Special Lattices e.g., Complete, Complemented and Distributive Lattices.

Unit-a:
Boolean Algebra, Boolean functions, Disjunctive & conjunctive normal forms of Boolean functions, Applications of Boolean Algebra in
switching circuits & logic circuits, Karnaugh map method for simplification of Boolean expression. Elements of coding theory, parity
check code, Binary Symmetric channel, Hamming Weight and Distance, Group codes, Parity check and Generator Matrix, Decoding,
‘Hamming Matrices, Coset Decoding, Hamming Codes.

Unit
Combination and Permutation, Choice of repetition, Binomial Coefficient, Multinomial Coefficient, Mathematical induction, Pigeonhole
Principle, Principle of inclusion-exclusion, Discrete numeric function and Generating function, Fibonacei Numbers, Catalan Numbers,
Recurrence Relation-Introduction, Linear recurrence relation with constant coefficient, Homogeneous solution, Particular solution,
Total solution, Solution by the method of generating function.

Unit-g:
Graphs and planar graphs: Basic terminology, Subgraphs, Induced Subgraphs, Multigraphs and weighted graphs, Dijkstra’s Algorithin,
Paths and circuits, Shortest paths in weighted graphs, Eulerian paths and circuits, Hamiltonian paths and circuits, Matrix
representation of Graphs, Euler's Formula for connected planar Graphs. Complete & Complete Bipartite Graphs, Kuratowski's Theorem
(statement only), Graph coloring, Chromatic number, Trees and cut-sets: trees, rooted trees, Path lengths in rooted trees, Spanning
trees and BFS & DFS algorithms, Minimum spanning trees and Kruskal's algorithms.

Course Materials
Required Text: Textbooks

1. Discrete Mathematics with Graph Theory and Combinatorics by Veerarajan, Me Graw Hill Education.

2. Discrete Mathematics and its Applications by Kenneth H. Rosen, 7th Edition, Tata Me Graw Hill Pub. Co. Ltd
3. Discrete Mathematics for Computer Scientist & Mathematicians by Mott, Kandel, Baker, Second Edition, PHI.

Optional Materials: Reference Books
1. Discrete Mathematical Structures by Kolman, Busby & Ross, Pearson Education.
2, Elements of Discrete Mathematics by Liu, Tata McGraw Hill. V2" -
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Abstract Algebra

[2nd Semester, First Year]

Course Description
Offered by Department Credits Status Code
Mathematics 400 Core MA902101MA

[Pre-requisites: Graduation Level Mathem:

Course Objectives

o expase the student to understand the importance of the basic knowledse of Groups, Rings and Fields especially subnormal series,
harbosition seres, Solvable and Nilpotent groups, th extension o ieds and Galois Theory fn the basie sbap s algebra. Also aware of
the concept of Modules, Quotient modules, Cyclic modules, completely reducible modules, Noetherian and Artinian modules, Free
modules, Exact sequences, Short exact sequences, Projectve and Injective modules inthe bag commutative algebra.

Course Content

Unit-y
An overview of Groups, Rings and Fields, Lagrange's theorem, Fermat's theore, Cayley's theorem, Cauchy's theorem, Syllow's
theorem, rincipal ideal ing, Euclidean domain, Polynomial rings over unique factorisatog e

Unit-2
Series of subgroups, subnormal series, compositon serie, Schreer’ theorem, Jordan Holder theorem, Solvable groups, Commutator
subgroups, Nilpotent groups.

Unit-g
el extensions, Algebrai feld extensions,transcendental elements, Spliting fields, Normal and Separable extensions, Elements of
(Galois theory, Fundamental theorem of Galois Theory.

Unit-4
Modules, Quotient modules, Cyelic modules, completely reducible modules, Noetheri
‘sequences, Short exact sequences, Projective and injective modules.

‘and Artinian modules, Free modules, Exact

Course Materials

Required Text: Textbooks
. fostract Algebra by P. B. Bhattacharya, S. K.Jan, 5. R. Nagpaul, Cambridge Universiy Prss, Second Edi ion, 1995.
2 Yoplcs in Algebra by . N. Herste, Wiley Eastern Limited, Second Edition, 1993,

3. Algebra Volume 1: Groups, Volume 2: Rings, Volume 3: Modules by 1. . Luther and 1, B.5. Passi, Narosa
Publishing House, [Volume 1: 1996, Volume 2: 1999, Volume 3:2013].

4 Basic Commutative Algebra by Balwant Singh, World Scientific Printers, 2011,

Optional Materials: Reference Books

» Contemporary Abstract Algebra by Joseph A. Gallan, Cengage Learning, Eighth Editon, 2013.
2 Higher Algebra by S. K. Mapa, Levant Books, Thirteenth Edition, 2018,

3. Algebra by M. Artin, Prentic Hall of India, 1091, o
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Complex Analysis

[2nd Semester, First Year]

Course Description
Offered by Department Credits Status Code
Mathematics. 400 Core MAgo2102MA

[Pre-requisites: Graduation Level Mathematics)

Course Objectives
To expose students to understand the basic concepts in complex analysi. To enable students to leam basic concepts
about analytic functions, complex integration, nfinite series,calculus of Residues.

Course Content
Unit-1

Analytic functions: Introduction, functions of a complex variable, limits, continuous functions, differential
Cauchy-Riemann equations, analytic functions, harmonic functions, conformal mapping.

Unit-2
Complex integration: Definite integral, Cauchy's theorem, Cauchy's integral formula, Maximum modulus theorem,
higher derivatives, Cauchy's inequality, Liouvilles theorem, Fundamental theorem of algebra, Morera's theorem.

Unit3
Infinite series: Convergence of sequences and series, power series, Taylor's series, Laurent's serics, zeros of an
‘analytic function, singularities.

Unit-4
Calculus of Residues: Residues, Cauchy's Residue theorem, Argument theorem, Rouche's theorem, Evaluation of
definite integrals.

Course Materials.

Required Text: Textbooks
1. R.V. Churchill, J. W. Brown, R. F. Verhey, Complex variables and applications, McGraw Hill, 2009.
2.H.§. Rasana, Complex variables: Theory and applications, PHI Learning, 2013.

Optional Materials: Reference Books

1. M. R. Spiegel, S. Lipschutz, J. J. Schiller, D. Spellman, Complex variables, McGraw Hill, 2009.
2.5, Ponnusamy, H. Silverman, Complex variables with applications, Birkhauser, 2006,

3.L.V. Ahlfors, Complex Analysis, McGraw Hill, 1079.

~




image10.png
Partial Differential Equations

[2nd Semester, First Year]

Course Description

Offered by Department Credits Status Code
Mathematics 4-0-0 Core MA902103MA

[Pre-requisites: Graduation Level Mathematics]

Course Objectives
“The aim of this courseis o learn theory of partal differential equations and solution methods. Nature of PDES like parabolic,
elipti, hyperbolic. To equip students with the concepts of PDES and how to solve PDES with different analytical methods.

Course Content

Unit1
First order partial differential equation Linear equations, Non-linear Equations, Charpit's Method, Homogeneous linear
equations, Non-homogenous linear equations,

Unit-2
Method of characteristics, Classification of second-order linear partial differential equations, Canonical forms for hyperbolic,
parabolic and elliptic equations.

Unit3
Laplace Equation, Wave Equation, Diffusion Equation, Elementary solutions.

Unit-4
Solution of Laplace Equation, Wave Equation, Diffusion Equ:

in cylindrical and spherical polar coordinates.
Course Materials

Required Text: Textbooks

1 L.C. Evans, Partial Differential Equations, Am. Math. Soc.

2.K.S. Rao, Introduction to partial differential equations, Phi Learning Pvt. Ltd.
3.1.N. Sneddon, Elements of Partial Differential Equations, McGraw Hill

Optional Materials: Reference Books

1.F. John, Partial differential equations, Springer,

2. M. D, Raisinghania, Advanced Differential Equations, S. Chand & Company Ltd,

3. M. G. Smith, Introduction to the theory of partial differential equations, Van Nastrand.
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Probability and Statistics

[2nd Semester, First Year]

Course Description
Offered by Department Credits Status Code
Mathematics 400 Core MAgO2104MA

[Pre-requisites: Graduation Level Mathematics]

Course Objectives
The students will understand theory and application of probabiliy, probability distributions, different statistical parameters,
line of Regressions and test of hypothesis for small and large samples.

Course Content

Unit-1

Random variable, probability mass function, probability density function, cumulative distribution function. Mathematical
expectation and variance of @ random variable with its properties. Joint probability distribution with its Independence
properties, Marginal and conditional probabilties distributions. Function of random variables.

Unit-2

Binomial, Poisson, Rectangular, Geometric, Hypergeometrie, Negative Binomial, Normal, Exponential, Beta, Gamma, Weibull
distributions with their moment generating function and characteristics function. Fitting of Binomial, Poisson, Normal,
Rectangular and Exponential distributions.

Unit-
Statistical Methods, Advantages and limitations of statistical methods, Frequency Distribution, Measures of central tendency,
dispersion, Skewness and Kurtosis. Moments, Covariance, Karl Pearson's eoefficient of Correlation, Rank Correlation, Tied
Ranks Correlation, Line of regression, Regression coefficients and their properties.

Unit-4
Population and statistic. Point and Interval estimation. Testing of hypothesis for sample proportion, mean, variance. Z-test, t-
test, F-test, Chi square test and Goodness of fit test. Neyman-Pearson lemma Test.

Course Materials

Required Text: Textbooks

1.V. K. Rohatgi and A. K. M. E. Saleh, An Introduction to Probability and Statistics, 3rd Edition, Wiley, 2015.
2.1, Miller and M. Miller, John E. Freund's Mathematical Statistics, 6th Edition, Oxford & IBH Pub., 1999.
3.5, M. Ross, Introduction to Probability Models, 1th Edition, Academic Press, 2014.

4 A M. Goon, M. K. Gupta and B. Dasgupte, Fundamentals of Statistics, Vol 1 and II, World Press, 2005.

Optional Materials: Reference Books
1 R.V. Hogg, J. Mckean and A. T. Craig, Introduction to Mathematical Statistics 7 Edition, Pearson India 2013.
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Topology

[ Semester, First Year]

Course Description
Offered by Department Credits Status Code
Mathematics 4-0-0 Core MAg02105MA

[Pre-requisites: Graduation Level Mathematics]

Course Objectives
This course is to begin the students vith the basic ideas of the metric space and the topologieal space. The students
are also motivated to apprecate their applications also.

Course Content

Unit-1:

Elements of point set topology in Re: Basic concepts; Euclidean spaces in R". Norm and its propertics; open balls and
open sets in R sstructure of open sets in R; closed sets; Adherent, accumulation points; The Bolzano-Weierstrass
theorem; The cantor- intersection theorem; The Heine Borel covering theorem.

Unit.-2:

Topological spaces: Definition and examples; Basic concept; Basis for the Topology; The Metric Topology; The
faerior points, imit points, boundary points and closure of a set with their basic properties; Hausdorff Topological
space.

Unit-3:

Sub-spaces, Quotient spaces and Continuous functions: Subspace topology; open and closed sets in subspaces;
Droduct of two topological spaces, The Box Topology; Quotient spaces; Klein botle, projective plane; open set
Qefinition of continuity and its various equivalent conditions; Pasting lemma; Homeomorphism.

Unit-4:

Connectedness and compactness of Topological Spaces: Connected spaces, connected subsets of the Real
Droperties of connected spaces; Connected components; Compact spaces, Compact subspaces of the Real
point compactness; local compactness.

es; some.
. Limit

Course Materials

Required Text: Text books

1. Apostol, Tom M. 2002, Mathematical Analysis, Narosa Publishing House

2, Adams, C. and Franzosa, R. 2009, Introduction to Topology - Pure and Applied Pearson.
3. Munkers J.R. 2000, Topology, 2nd Edition, PHL.

Optional Materials: Reference Books
1. G. F. Simmons: 1963 Introduction to Topology and Modern Analysis, Tata McGraw-Hill.
2.J. Dugundji, Topology, UBS, 1999.
3. M. A Armstrong, Basic Topology, Springer, 2005. A A
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Linear Algebra

[1st Semester, First Year]

Course Description
Offered by Department Credits Status Code
Mathematics 400 Core. MAQO1101MA

[Pre-requisites: Graduation Level Mathematics]

Course Objectives
To enable students to acquire further skills in the techniques of linear algebra, as well as understanding of the principles
underlying the subject and to develop the ability to solve unscen mathematical problems involving an understanding of the
concepts and applications of these methods.

Course Content

Unit-1
‘Vector spaces, subspaces, basis and dimension, coordinates, algebra of linear transformations, isomorphisms, representation
of linear transformations by matrices, linear functionals and annihilators, transpose of a linear transformation.

Unit-2
Characteristic values and characteristic polynomials, diagonalizable transformations: annihilating polynomials, Cayley-
Hamilton theorem.

Unit3
Invariant subspaces and triangular form, simultaneous triangularization and diagonalization, direct sum decompositions,
invariant direct sums, primary decomposition theorem.

Unit-4
Inner product spaces, adjoints, unitary and normal transformations, spectral theorem, Jordan canonical form.

Course Materials
Required Text: Textbooks

1.K. Hoffman and R. Kunze: Linear Algebra, 2nd Edition, Prentice Hall o India, 2005.
2.5, Axler: Linear Algebra Done Right, and Edition, Springer UTM, 1997.

Optional Material: Reference Books
1. R A Horn, C R Johnson, Matrix Analysis, Cambride, 2012.
2. C.D. Meyer, Matrix Analysis and Applied Linear Algebra, SIAM, 2000.
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Integral transform and Integral equations

[ast Semester, First Year]

‘Course Description
Offered by Department Credits Status Code
‘Mathematics 40-0 Core MA9O1102MA

[Pre-requisites: Graduation Level Mathematics)

Course Objectives
‘The objective of this course i to introduce the students with the basic idea of Integral transform & Integral's equations and
their applications.

Course Content
Unit-1: - Integral transform: _Laplace transform, Fourier series, Fourier sine and cosine series, half range expansions, Fourier
integral Theorem, Fourier Transform, Fourier Cosine Transform, Fourier Sine Transform, Fourier transforms of simple
Functions, Fourier transforms of Rational Functions, Convolution Integral, Parseval's Theorem for Cosine and Sine
‘Transforms, Inversion Theorem.

Unit-2:Mellin transform & Hankel transform: Definition and elementary properties; Mellin transform of derivatives and
integrals; Inversion theorems; Parseval's theorem, Hankel transform of derivatives; Inversion theorem; Parseval’s theorem;
‘Application to the solution of simple boundary problems by Fourier, and infinite Hankel transforms.

Unit-3: Linear integral equations: Volterra integral equations, Fredholm integral equations, some basic identitis, Types of
kernels: Symmetric kernel, Separable kernel, Iterated kernel, resolvent kernel, Initial value problems reduced to Volterra
integral equations, Solution of Volterra integral equation using.

Unit-4: Boundary value problems reduced to Fredholm integral equations: Solution of Fredholm integral equations using
separable kernel, resolvent kernel. Methods of successive approximation and successive substitution to solve Fredholm
equations of second kind. Solution of Homogeneous Fredholm integral equation: Eigen values, eigen vectors.

Course Materials

Required Text: Textbooks
1.Tan N. Sneddon, The use of Integral Transforms, McGraw Hill; Second Printing edit
2. Ian N. Sneddon, Fourier Transforms, Dover Publications, 2010.
3. Loknath Debnath, Integral Transforms and their applications, Chapman and Hall/CRC; 2 editions, 2006.
4.Kanwal, RP. Linear Integral Equation. Theory and Techniques. Academic Press, 2014.

ion 1972

‘Optional Materials: Reference Books
1. Raisinghania M. D. Integral Equation & Boundary Value Problem. S. Chand Publishing, 2007.

2. Jerr, A. Introduction to Integral Equations with Applications, John Wiley & Sons, 1999.

3. Hildebrand, F. B. Method of Applied Mathematies, Courier Corporation, 2012,

4. Wazwaz, A. M. A First Course in Integral Equations. World Scientific Publishifig Co Inc, 1097, -




