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Name of Major (Core) Papers

V

MTMMJ-MC-08 Linear Algebra
MTMMJ-MC-09 Real Analysis II
MTMMJ-MC-10 Multivariate Calculus & Metric Spaces
MTMMJ-MC-11 LPP, Game Theory & Integral Transforms I

VI

MTMMJ-MC-12 Probability, Statistics & Vector Calculus
MTMMJ-MC-13 Complex Analysis
MTMMJ-MC-14 PDE, Integral Equations & Integral Transforms II
MTMMJ-MC-15 Higher Abstract Algebra

NOTE: Each Major course from Semester V to Semester VI is of 4 credits (75 marks, out of which
25 marks is allotted for Continuous Assessment (CA) and 50 marks is allotted for Semester-End
(SE) examination).

1



SEMESTER V

MTMMJ-MC-08

Linear Algebra
Credit: 4

Full Marks: 75(CA: 25, SE: 50)

Learning Objectives:

The principal aim of this course is to provide students with a foundational understanding of core
linear algebra concepts, including vectors, matrices, systems of linear equations, vector spaces,
inner product spaces, linear transformations, determinants, eigenvalues and eigenvectors.

Learning Outcomes:

On completion of the course, the students would

1. Perform operations on matrices and vectors, including addition, scalar multiplication, matrix
multiplication, transposition and understand their properties.

2. Determine linear independence, span, basis and dimension of vector spaces/subspaces.

3. Analyze linear transformations, find their matrix representations, and identify their kernel
and range.

4. Compute determinants and understand their role in invertibility and solving linear systems.

5. Find eigenvalues and eigenvectors of a linear operator and use them for diagonalization and
understanding system dynamics.

6. Understand concepts of inner product spaces, orthogonality, and orthonormal bases (e.g.,
using the Gram-Schmidt process).

Course Contents

Module-1
Vector spaces over a field, subspaces. Sum and direct sum of subspaces. Quotient spaces, Linear
span. Linear dependence and independence. Basis and dimension. Finite dimensional spaces.
Existence theorem for bases in the finite dimensional case. Invariance of the number of vectors in
a basis, dimension. Existence of complementary subspace of any subspace of a finite dimensional
vector space. Dimensions of sums of subspaces. Quotient space and its dimension. Infinite dimen-
sional vector spaces.

Module-2
Linear transformations, null space, range, rank and nullity of a linear transformation, matrix repre-
sentation of a linear transformation, algebra of linear transformations. Isomorphisms. Isomorphism
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theorems, invertibility and isomorphisms, change of coordinate matrix.

Module-3
Linear operators and their eigenvalues and eigenvectors, characteristic equation, eigenspaces, alge-
braic and geometric multiplicity of eigenvalues. Diagonalization, conditions for diagonalizability.
Invariant subspaces and Cayley-Hamilton theorem. Jordan Canonical forms.

Module-4
Inner product spaces. Cauchy-Schwarz inequality. Orthogonal vectors and orthogonal comple-
ments. Orthonormal sets and bases. Bessel’s inequality. Gram-Schmidt orthogonalization process.
Hermitian, Self-adjoint, Unitary and Orthogonal transformation for complex and real spaces. Bi-
linear and Quadratic forms, real quadratic forms.

Reference Books

1. S.H. Friedberg, A.J. Insel and L.E. Spence, Linear Algebra, 4th Ed., New Delhi: Prentice
Hall of India, 2004.

2. I.N. Herstein, Topics in Algebra, John Wiley & Sons, 2006.

3. M. Artin, Algebra, 2nd Ed., Pearson, 2011.

4. A.R. Rao and P. Bhimasankaram, Linear Algebra, Hindustan Book Agency, 2000.

5. S. Roman, Advanced Linear Algebra, Springer, 2008.

6. S. Lang, Introduction to Linear Algebra, 2nd Ed., Springer, 2005.

7. S.D. Dummit and M.R. Foote, Abstract Algebra, Wiley, 2011.

8. J. Hefferon, Linear Algebra, Orthogonal Publishing L3C, 2020.

9. D.C. Lay, S.R. Lay and J. McDonald, Linear Algebra and its Applications, Pearson, 2016.

10. G. Strang, Linear Algebra and its Applications, Thomson, 2007.

11. S. Kumaresan, Linear Algebra: A Geometric Approach, Prentice Hall of India, 1999.

12. K. Hoffman and R.A. Kunze, Linear Algebra, 2nd Ed., Prentice Hall of India, 1971.

13. S. Axler, Linear Algebra Done Right, Springer, 2014.

14. S.J. Leon, Linear Algebra with Applications, Pearson, 2015.

15. J.S. Golan, Foundations of Linear Algebra, Springer, 1995.

16. J.S. Golan, The Linear Algebra a Beginning Graduate Student Ought to Know, Springer,
2012.

MTMMJ-MC-09
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Real Analysis II
Credit: 4

Full Marks: 75 (CA: 25, SE: 50)

Learning Objectives:

The principal aim of this course is to provide students with a rigorous theoretical understanding of
monotone functions, functions of bounded variation, Riemann integration, Fourier series, improper
integrals, and sequences and series of functions.

Learning Outcomes:

On completion of the course, the students would

1. Analyze and characterize monotone functions and functions of bounded variation, including
their properties and the concept of total variation.

2. Understand Riemann integrability of functions, compute Riemann integrals using definitions,
and apply fundamental theorems of integral calculus, including change of variables.

3. Derive and analyze Fourier series for periodic functions, understand conditions for convergence
(e.g., Dirichlet’s condition), and apply Bessel’s and Parseval’s inequalities.

4. Determine the convergence of improper integrals using various tests (comparison test, M-test,
Abel’s test, Dirichlet’s test) and gain working knowledge of Beta and Gamma functions and
their interrelations.

5. Distinguish between pointwise and uniform convergence of sequences and series of functions,
and apply theorems regarding the continuity, differentiability, and integrability of limit and
sum functions.

6. Apply the Cauchy criterion for uniform convergence and the Weierstrass M-Test to establish
the uniform convergence of sequences and series of functions.

Course Contents

Module-1
Properties of monotone functions. Functions of bounded variation, total variation, continuous func-
tions of bounded variation. Curves and paths in Rn (n ≤ 3), rectifiable paths and arc length.

Module-2
Riemann integration: upper and lower sums, upper and lower integral, definition and conditions of
integrability. Riemann integrability of monotone and continuous functions, elementary properties
of the Riemann integral. Intermediate value theorems for integrals. Fundamental theorem of inte-
gral calculus. Mean value theorems of integral calculus. Change of variables.

Module-3
Periodic functions, Fourier coefficients and Fourier series, convergence, Bessel’s inequality, Par-
seval’s identity, Dirichlet’s condition, examples of Fourier series. Improper integrals: Range of
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integration, finite or infinite. Necessary and sufficient condition for convergence of improper inte-
gral.
Comparison and M-test. Absolute and non-absolute convergence and inter-relations. Statement of
Abel’s and Dirichlet’s test for convergence on the integral of a product. Convergence of Beta and
Gamma functions and their inter-relation.

Module-4
Sequence of functions: Pointwise and uniform convergence, Weierstrass M-test, Theorems on conti-
nuity, differentiability, integrability and boundedness of the limit function of a sequence of functions.
Series of functions: Pointwise and uniform convergence, Theorems on the boundedness, continuity,
integrability and differentiability of the sum function of a series of functions; Cauchy criterion for
uniform convergence, Weierstrass M-test. Dini’s theorem.

Reference Books

1. R. Bartle and D.R. Sherbert, Introduction to Real Analysis, John Wiley & Sons, 2003.

2. K.A. Ross, Elementary Analysis: The Theory of Calculus, Springer, 2004.

3. T.M. Apostol, Mathematical Analysis, Narosa Publishing House, 2002.

4. W. Rudin, Principles of Mathematical Analysis, McGraw Hill, 2017.

5. A. Kumar and S. Kumaresan, A Basic Course in Real Analysis, CRC Press, 2014.

6. H.H. Sohrab, Basic Real Analysis, Birkhäuser, 2014.

7. A. Mattuck, Introduction to Analysis, Prentice Hall, 1999.

8. S.R. Ghorpade and B.V. Limaye, A Course in Calculus and Real Analysis, Springer, 2006.

9. R. Courant and F. John, Introduction to Calculus and Analysis, Vol II, Springer, 2000.

10. S.C. Malik and S. Arora, Mathematical analysis, New Age International Pvt. Ltd., 2017.

11. H.L. Royden, Real Analysis, Macmillan Publishing House, 1988.

12. B.K. Lahiri and K.C. Roy, Real Analysis, World Press, 1988.

13. T. Tao, Analysis I, 4th Ed., Hindustan Book Agency, 2022.

14. T. Tao, Analysis II, Hindustan Book Agency, 2006.

15. S. Shirali and H.L. Vasudeva, Metric Spaces, Springer, 2006.

16. G.G. Bilodeau , P.R. Thie and G.E. Keough, An Introduction to Analysis, 2nd Ed., Jones &
Bartlett, 2010.

17. B.S. Thomson, A.M. Bruckner and J.B. Bruckner, Elementary Real Analysis, Prentice Hall,
2001.

18. C.C. Pugh, Real Mathematical Analysis, Springer, 2002.

19. H.R. Beyer, Calculus and Analysis, Wiley, 2010.

20. S.K. Berberian, A First Course in Real Analysis, Springer Verlag, New York, 1994.

21. R.R. Goldberg, Methods of Real Analysis, Oxford & IBH Publishing, 1970.
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22. G.F. Simmons, Introduction to Topology and Modern Analysis, McGraw Hill Education,
2004.

23. S. Lang, Undergraduate Analysis, 2nd Ed., Springer, 1997.

24. S. Abbott, Understanding Analysis, Springer, 2015.

25. S.K. Mapa, Introduction to Real Analysis, Leveant, 2022.

MTMMJ-MC-10

Multivariate Calculus & Metric Spaces
Credit: 4

Full Marks: 75 (CA: 25, SE: 50)

Learning Objectives:

The principal aim of this course is to equip students with a comprehensive understanding of mul-
tivariate calculus, functions of several variables, multidimensional integration, and metric spaces
and solve complex problems in scientific and engineering applications.

Learning Outcomes:

On completion of the course, the students would

1. Analyze and apply concepts of limits, continuity, partial derivatives and integration for func-
tions of several variables.

2. Evaluate total derivative, compute Jacobians, and utilize the chain rule for multivariate func-
tions.

3. Locate and classify extrema of functions of several variables, including solving constrained
optimization problems using the method of Lagrange multipliers and able to apply Green’s
theorem, Stokes’ theorem & Gauss’ divergence theorem in various problems.

4. Able to define a metric space and its fundamental topological elements, including open and
closed sets, neighborhoods, interior, closure,and limit points and able to identify and analyze
key properties of subsets and spaces, such as density, separability, and the characteristics of
subspaces.

5. Analyze convergent and Cauchy sequences, understand complete metric spaces, and apply
Cantor’s theorem.

6. Define and characterize continuous and uniformly continuous mappings and identify con-
nected and compact metric spaces.

Course Contents
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Module-1
Scalar fields, vector fields, limit and continuity, partial derivatives and directional derivatives, Eu-
ler’s theorem for homogeneous function, Schwarz’s and Young’s theorems, total derivative and
Jacobian, sufficient condition for differentiability, Chain rule, Mean value theorem, Taylor’s theo-
rem, Inverse function theorem, Application of Implicit function theorem, gradient, tangent planes.
Extrema of functions, method of Lagrange multipliers, constrained optimization problems.

Module-2
Multiple integral: Double integration over rectangular/non-rectangular regions, changing the order
of integration. Triple integrals, Triple integral over a parallelepiped and solid regions. Volume by
triple integrals. Polar, cylindrical and spherical co-ordinates. Change of variables in double and
triple integrals. Concept of line and surface integrals, Green’s theorem, Stokes’ theorem & Gauss’
divergence theorem (Statements and Problems).

Module-3
Metric spaces: Definition and examples. Open and closed balls, neighbourhood, Open sets, Inte-
rior of a set. Limit point of a set, Closed sets, closure, subspaces, dense sets, separable spaces.
Sequences and their convergence in metric spaces, Cauchy sequences. Complete metric spaces,
Cantor’s theorem.

Module-4
Continuous mappings, sequential criterion and other characterizations of continuity. Uniform conti-
nuity. Connectedness and compactness of metric spaces. Contraction mapping and Banach’s fixed
point theorem.

Reference Books

1. G.B. Thomas and R.L. Finney, Calculus, 9th Ed., Pearson, 2005.

2. T. Apostol, Calculus, Vol. I and II, Wiley, 2007.

3. P. Lax and M.S. Terrell, Calculus with Applications, Springer, 2014.

4. M.J. Strauss, G.L. Bradley and K.J. Smith, Calculus, 3rd Ed., Pearson, 2007.

5. M. Spivak, Calculus on Manifolds, Addison-Wesley, 1995.

6. J.R. Munkres, Analysis on Manifolds, Addison-Wesley, 1991.

7. C.H. Edwards, Advanced Calculus of Several Variables, Academic Press, 1973.

8. J.J. Callahan, Advanced Calculus a Geometric View, Springer, 2010.

9. J.E. Marsden, A.J. Tromba and A. Weinstein, Basic Multivariable Calculus, Springer, 2005.

10. J. Stewart, Multivariable Calculus: Concepts and Contexts, 4th Ed., Cengage Learning, 2009.

11. T.M. Apostol, Mathematical Analysis, Narosa, 2002.

12. S.R. Ghorpade and B.V. Limaye, A Course in Multivariable Calculus and Analysis, Springer,
2010.

13. R. Courant and F. John, Introduction to Calculus and Analysis, Vol. II, Springer, 1999.

14. W. Rudin, Principles of Mathematical Analysis, McGraw Hill, 2017.

15. T. Shinfrin, Multivariable Mathematics, Wiley, 2005.
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16. K.D. Joshi, Multivariate Calculus Through Linear Algebra, New Age International Pvt. Ltd.,
2021.

17. D. Somasundaran and B. Choudhary, A First Course in Mathematical Analysis, Narosa, 1996.

18. S. Shirali and H.L. Vasudeva, Metric Spaces, Springer Verlag, London, 2006.

19. S. Kumaresan, Topology of Metric Spaces, 2nd Ed., Narosa Publishing House, 2011.

20. M.Ó. Searcóid, Metric Spaces, Springer, 2007.

21. G.F. Simmons, Introduction to Topology and Modern Analysis, McGraw Hill, 2004.

22. M.N. Mukherjee, Elements of Metric Spaces, Academic Publishers, 2005.

23. S. Kumaresan, Topology of Metric Spaces, 2nd Ed., Narosa Publishing House, 2011.

24. J. Sengupta, Metric Spaces, 4th Ed., U.N. Dhur & Sons Pvt. Ltd., 2005.

25. P.K. Jain and K. Ahmad, Metric Spaces, Narosa, 2004.

MTMMJ-MC-11

LPP, Game Theory & Integral Transforms I
Credit: 4

Full Marks: 75 (CA: 25, SE: 50)

Learning Objectives:

The fundamental goal of this course is to introduce students to the core concepts and methodologies
of Linear Programming, game theory and Laplace transform, including their properties, theoretical
understanding and solution techniques.

Learning Outcomes:

On completion of the course, the students would

1. Understand and apply the properties of convex sets and convex functions in the context of
LPPs, recognizing their significance for optimality.

2. Identify and interpret Basic Feasible Solutions as extreme points of the feasible region, and
understand the relationships between adjacent extreme points.

3. Formulate and interpret the dual of an LPP, understanding the primal-dual relationships and
their economic implications.

4. Solve Transportation Problems, Assignment Problem, Traveling Salesmen problem using var-
ious methods and determine optimal strategies for two-person zero-sum games, employing
both graphical techniques and linear programming formulations.
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5. Able to use fundamental theorems like the Convolution Theorem and the Heaviside’s Expan-
sion Theorem to efficiently find inverse Laplace transforms.

6. Apply the Laplace transform to solve ODEs, PDEs and evaluate definite integrations.

Course Contents

Module-1
Convex Sets and Convex Functions, Convex Hulls, Hyperplanes, Convex Polyhedral Sets and Poly-
hedral Cones, Simplexes, Extreme Points, Optimality and Unboundedness. Fundamental theorem
of LPP. Simplex method, Theory of simplex method, Basic Feasible Solution, Optimality and
unboundedness, Simplex algorithm, Artificial variables, Two-phase method, Big-M method, De-
generacy.

Module-2
Duality in LPP, Duality theorems, Dual simplex method, Primal dual method. Transportation
problem: Northwest-corner method, Least cost method and Vogel approximation method, UV
method. Unbalanced transportation problem. Degeneracy. Assignment problems: Hungarian
method. Travelling Salesman problem.

Module-3
Game theory: Rectangular games, Pure and Mixed strategy, Saddle point and its existence, Opti-
mal strategy and value. Necessary and sufficient condition for optimality. Fundamental Theorem
of rectangular games. Algebraic, Graphical and Dominance methods. Relation between theory of
games and LPP.

Module-4
Laplace and inverse Laplace transforms, Existence of Laplace Transform, Properties of Laplace
transform, Laplace transform of periodic and special functions, First shifting properties. Convolu-
tion: Convolution theorem, Properties of Convolution. Differentiation and integration of Laplace
transforms. Inversion formula of Laplace transform: Partial fraction decomposition, Convolution
theorem. Heaviside’s expansion theorem, Second shifting properties, Initial and final value theo-
rem, Finite Laplace transform and their properties, Application of Laplace transform: Evaluation
of definite integrals, Solution of ODEs and PDEs.

Reference Books

1. G. Hadley, Linear Programming, Narosa, 2002.

2. M.S. Bazaraa, J.J. Jarvis and H.D. Sherali, Linear Programming and Network Flows, 2nd
Ed., Wiley, 2004.

3. P.K. Dutta, Strategies and Games: Theory and Practice, MIT Press, 1999.

4. L.F. Fernandez and H.S. Bierman, Game Theory with Economic Applications, Addison Wes-
ley, 1998.

5. R.D. Gibbons, Game Theory for Applied Economists, Princeton University Press, 1992.

6. F.S. Hillier and G.J. Lieberman, Introduction to Operations Research, 9th Ed., McGraw Hill,
2009.
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7. H.A. Taha, Operations Research: An Introduction, 8th Ed., Prentice Hall India, 2006.

8. J. Matoušek and B. Gärtner, Understanding and Using Linear Programming, Springer, 2006.

9. W.J. Cook, W.H. Cunningham, W.R. Pulleyblank and A. Schrijver, Combinatorial Optimiza-
tion, Wiley-Interscience, 1997.

10. D. Solow, Linear Programming: An Introduction to Finite Improvement Algorithms, Dover,
2014.

11. D. Bertsimas and J.N. Tsitsiklis, Introduction to Linear Optimization, Athena Scientific,
1997.

12. G. Strang, Linear Algebra and its Applications, Thomson, 2007.

13. C.H. Papadimitriou and K. Steiglitz, Combinatorial Optimization: Algorithms and Complex-
ity, Dover, 1998.

14. A. Schrijver, Theory of Linear and Integer Programming, Wiley, 1998.

15. S.I. Gass, Linear Programming: Methods and Applications, Dover, 2010.

16. V. Chvátal, Linear Programming, F.H. Freeman, 1983.

17. R.J. Vanderbei, Linear Programming: Foundations and Extensions, Springer, 2020.

18. D.G. Luenberger and Y. Ye, Linear and Nonlinear Programming, Springer, 2008.

19. M.J. Osborne and A. Rubinstein, A Course in Game Theory, MIT Press, 1994.

20. R.B. Myerson, Game Theory: Analysis of Conflict, Harvard University Press, 1997.

21. D. Fudenberg and J. Tirole, Game Theory, Ane Books, 2005.

22. S.R. Chakravarty, M. Mitra and P. Sarkar, A Course in Cooperative Game Theory, Cambridge
University Press, 2015.

23. M. Maschler, S. Zamir and E. Solan, Game Theory, Cambridge University Press, 2013.

24. S.D. Sharma, Operations Research: Theory Methods & Applications, Kedar Nath Ram Nath,
2020.

25. R. Courant and D. Hilbert, Methods of Mathematical Physics, Vol. I and II, Interscience
Publishers, New York, 1953.

26. I.N. Sneddon, The Uses of Integral Transforms, McGraw-Hill Book Company, New York,
1972.

27. C.J. Tranter, Integral Transforms in Mathematical Physics, John Wiley & Sons, New York,
1951.

28. M.R. Spiegel, Laplace Transforms, McGraw Hill, 1965.

29. E.J. Watson, Laplace Transforms and Application, Van Nostland Reinhold Co. Ltd., 1981.

30. M.D. Raisinghania, Advanced Differential Equations, S. Chand Publishing, 2024.

31. E. Kreyszig, Advanced Engineering Mathematics, John Wiley & Sons, 2023.
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SEMESTER VI

MTMMJ-MC-12

Probability, Statistics & Vector Calculus
Credit: 4

Full Marks: 75 (CA: 25, SE: 50)

Learning Objectives:

The fundamental goal of this course is to introduce students to the foundational concepts of prob-
ability theory, statistical knowledge and vector calculus. This includes developing a strong un-
derstanding of random variables (both discrete and continuous), their distributions, key statistical
measures like expectation and moments etc, Green’s theorem, Stokes’ theorem and Gauss’ diver-
gence theorem and their applications.

Learning Outcomes:

On completion of the course, the students would

1. Characterize and differentiate between various discrete and continuous random variables,
effectively utilizing their respective probability mass functions, probability density functions,
and cumulative distribution functions.

2. Compute and interpret key statistical measures such as mathematical expectation, variance,
moments, and moment generating functions for both discrete and continuous random vari-
ables.

3. Quantify relationships between two random variables by calculating and interpreting covari-
ance and the correlation coefficient.

4. Apply various estimation methods, including the method of moments and maximum likelihood
estimation, to determine point estimates for population parameters.

5. Evaluate double and triple integrals by using change of variables, and parameterize curves and
surfaces and evaluate line, surface, and volume integrals of scalar and vector valued functions.

6. Apply Green’s Theorem, Gauss’ Divergence Theorem, and Stokes’ Theorem to solve problems
involving circulation, flux, and relationships between different types of integrals.

Course Contents

Module-1
Real random variables (discrete and continuous), Cumulative distribution function, Probability
mass/density functions, mathematical expectation, moments, moment generating function, char-
acteristic function. Discrete distributions: Rectangular, Binomial, Poisson, Geometric, Negative
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binomial. Continuous distributions: Uniform, Normal, Exponential, Gamma, Beta. Transforma-
tion of a random variable. Joint Distributions: Discrete and continuous random variables and their
properties, Joint probability mass/density functions. Marginal and conditional distributions, ex-
pectation, product moments, covariance, correlation coefficient, independence of random variables,
bivariate normal distribution, joint moment generating function, linear regression, Chebyshev’s in-
equality.

Module-2
Convergence in Probability, Strong and weak law of large numbers. Central limit theorem, Random
Samples. Estimation: Unbiasedness, consistency, method of moments and method of maximum
likelihood estimation, Bayes’ estimator, Distributions of sampling statistics, Estimation of regres-
sion coefficients, Interval estimation. Confidence intervals: General principle, For the mean of
Normal population of known/unknown variance, For variance of Normal population.

Module-3
Testing of hypothesis: Null and alternative hypotheses, critical and acceptance regions, two types
of error, Level of significance, Power of test, Most powerful test and Neyman-Pearson Fundamental
Lemma, Likelihood-ratio tests, Tests for normal population parameters based on normal, t, Chi-
square distribution.

Module-4
Triple product, review of differentiation and integration of vector valued function, gradient, diver-
gence and curl. Curves and their parameterization, line integration of vector functions, circulation.
Surface and volume integration. Green’s theorem, Stokes’ theorem and Gauss’ divergence theorem
and their applications.

Reference Books

1. I. Miller and M. Miller, John E. Freund’s Mathematical Statistics with Applications, 7th Ed.,
Pearson, 2006.

2. S. Ross, Introduction to Probability Models, 9th Ed., Academic Press, 2007.

3. R.B. Ash, Basic Probability Theory, Dover Publications, 2008.

4. R.V. Hogg, J.W. McKean and A.T. Craig, Introduction to Mathematical Statistics, Pearson,
2007.

5. A.M. Mood, F.A. Graybill and D.C. Boes, Introduction to the Theory of Statistics, 3rd Ed.,
McGraw Hill, 2007.

6. A. Gupta, Groundwork of Mathematical Probability and Statistics, Academic Publisher, 2015.

7. W. Feller, An Introduction to Probability Theory and its Applications, Wiley, 1968.

8. A.P. Baisnab and M. Jas, Elements of Probability and Statistics, McGraw Hill, 1993.

9. V.K. Rohatgi, A.K.Md.E. Saleh, An Introduction to Probability and Statistics, Wiley, 2008.

10. A.A. Borovkov, Probability Theory, Springer, 2009.

11. J. Pitman, Probability, Springer, 1993.

12. S.C. Gupta and V.K. Kapoor, Fundamentals of Mathematical Statistics, Sultan Chand and
Sons, 2020.
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13. A.M. Gun, M.K. Gupta and B. Dasgupta, Fundamentals of Statistics, Vol. I and II, World
Press, 2016.

14. J.E. Marsden and A.J. Tromba, Vector Calculus, W.H. Freeman, 1996.

15. T. Tao, Analysis II, Hindustan Book Agency, 2006.

16. M.R. Speigel, S. Lipschutz and D. Spellman, Schaum’s outline: Vector Analysis, McGraw Hill,
2017.

17. C.E. Weatherburn, Elementary Vector Analysis: With Application to Geometry and Physics,
CBS Ltd., 1926.

18. J.H. Hubbard and B.B. Hubbard, Vector Calculus, Linear Algebra and Differential forms: A
Unified Approach, Pearson, 1998.

19. S.J. Colley and S. Cañez, Vector Calculus, Pearson, 2022.

20. S. Dineen, Multivariate Calculus and Geometry, Springer, 2014.

21. B.E. Blank and S.G. Krantz, Calculus Multivariable, Wiley, 2011.

MTMMJ-MC-13

Complex Analysis
Credit: 4

Full Marks: 75 (CA: 25, SE: 50)

Learning Objectives:

The principal objective of this course is to teach students the fundamentals of complex analysis.
They will learn to analyze complex functions, understand differentiability through the Cauchy-
Riemann equations, and master complex integration using Cauchy’s and the Residue Theorem. The
course also trains students to classify singularities, compute residues, apply the Residue Theorem,
Argument Principle, and Rouché’s Theorem, and understand analytic continuation.

Learning Outcomes:

On completion of the course, the students would

1. Able to visualize complex numbers using the stereographic projection and analyze the prop-
erties of key complex functions like polynomial, exponential, and logarithmic functions.

2. Able to determine the differentiability of a complex function using the Cauchy-Riemann
equations and identify analytic, entire, and harmonic functions and understand the concept
of a conformal map and its application in geometric transformations, particularly with linear
fractional transformations.

3. Able to apply fundamental theorems of complex integration, including Cauchy’s Theorem
and Integral Formula, to evaluate contour integrals.

13



4. Able to use of Taylor’s and Laurent series to represent and analyze complex functions, in-
cluding determining the radius of convergence.

5. Able to classify the singularities of complex functions (removable, poles, and essential) and
apply the powerful Residue Theorem to evaluate complex integrals.

6. Able to apply advanced theorems like Liouville’s Theorem, the Maximum Modulus Principle,
the Argument Principle, and Rouché’s Theorem to solve complex problems and prove key
results in the field.

Course Contents

Module-1
Stereographic projection. Complex valued functions, Polynomial functions, Rational functions,
Exponential, Trigonometric and Hyperbolic functions, Multivalued function, Logarithmic function,
Branch of a logarithm, Linear fractional transformations (Möbius transformations). Limit and
continuity of complex valued functions.

Module-2
Differentiability, Cauchy-Riemann equations, sufficient conditions for differentiability, Analytic
functions, Entire functions, Harmonic functions and Harmonic conjugates. Zeros of analytic func-
tions, Identity Theorem. Conformal maps.

Module-3
The complex integral (over piecewise C1 curves), ML-inequality, Fundamental theorem of calculus
for analytic functions, Cauchy’s Theorem and Integral Formula, Power series representation of an-
alytic functions, The difference between Real Analytic functions and Complex Analytic functions.
Morera’s Theorem, Goursat’s Theorem, Cauchy’s inequality, Liouville’s Theorem, Fundamental
Theorem of Algebra, Weierstrass Convergence Theorem, Maximum Modulus Principle, Schwarz
Lemma, Index of a closed curve, Contour, Index of a contour, Simply connected domains, Cauchy’s
Theorem for simply connected domains.

Module-4
Convergence of series, Power series, Radius of convergence, Differentiation of power series, abso-
lute and uniform convergence of a power series, Taylor’s Series, Laurent series. Definitions and
Classification of singularities of complex functions, Isolated singularities: Removable singularities,
Poles and Essential singularities. Meromorphic functions, Casorati-Weierstrass Theorem, Residues,
Residue Theorem and its applications to contour integrals, Applications of Argument Principle,
Rouché’s Theorem, Open mapping theorem, Analytic Continuation.

Reference Books

1. J.B. Conway, Functions of One Complex Variable, 2nd Ed., Narosa Publishing House,

2. J.E. Marsden and M.J. Hoffman, Basic Complex Analysis, 3rd Ed., W.H. Freeman, New
York, 1999.

3. H.A. Priestley, Introduction to Complex Analysis, Oxford University Press, 2003.

4. D. Sarason, Complex Function Theory, Hindustan Book Agency, Delhi, 1994.

5. L.V. Ahlfors, Complex Analysis, McGraw-Hill, 1979.
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6. W. Rudin, Real and Complex Analysis, McGraw-Hill Book Co., 1966.

7. E. Hille, Analytic Function Theory, Vol. I and II, Ginn & Co., 1959.

8. T.W. Gamelin, Complex Analysis, Springer, 2001.

9. J. Bak and D.J. Newman, Complex Analysis, Springer, 2010.

10. T. Needham, Visual Complex Analysis, Clarendon Press, 1998.

11. S. Ponnusamy, Foundations of Complex Analysis, Narosa, 2008.

12. A.F. Beardon, Complex Analysis, Dover, 2020.

13. E.M. Stein and R. Shakarchi, Complex Analysis, Princeton University Press, 2003.

14. R. Remmert, Theory of Complex Functions, Springer, 1991.

15. S. Lang, Complex Analysis, Springer, 1999.

16. C.A. Bernstein and R. Gay, Complex Variables: An Introduction, Springer, 1991.

17. D.G. Zill and P. Shanahan, Complex Analysis, Jones and Bartlett Publishers, 2013.

18. J.W. Brown and R.V. Churchill, Complex Variables and Applications, McGraw Hill, 2013.

19. S. Ponnusamy and H. Silverman, Complex Variables with Applications, Birkhäuser, 2006.

20. R.P. Boas, Invitation to Complex Analysis, The Mathematical Association of America, 2010.

21. D.C. Ullrich, Complex Made Simple, American Mathematical Society, 2008.

22. R.P. Agarwal, K. Perera and S. Pinelas, An Introduction to Complex Analysis, Springer,
2011.

23. H.S. Kasana, Complex Variables: Theories and Applications, Prentice Hall India, 2005.

24. A. Gupta, Principles of Complex Analysis, Academic Publishers, 2015.

MTMMJ-MC-14

PDE, Integral Equations & Integral Transforms II
Credit: 4

Full Marks: 75 (CA: 25, SE: 50)

Learning Objectives:

This course aims to develop a strong foundational understanding of second-order linear PDEs, in-
cluding their classification, canonical forms, and solution techniques. Students will learn analytical
methods such as separation of variables, integral transforms, Green’s functions, and method of
characteristics. The course also covers the theory and solution of linear integral equations of Fred-
holm and Volterra types, including kernel-based approaches and decomposition methods. Students
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will gain proficiency in Fourier and Z-transforms and their applications in solving PDEs, ODEs,
and integral equations. Emphasis will be placed on both theoretical understanding and practical
problem-solving skills.

Learning Outcomes:

On completion of the course, the students would

1. Able to classify second-order linear partial differential equations and transform them into
canonical forms and solve Laplace, Heat, and Wave equations using separation of variables,
Green’s functions, and integral transform methods.

2. Able to formulate and solve Fredholm and Volterra integral equations of the first and second
kinds.

3. Able to apply techniques such as degenerate kernels, successive approximations, and Adomian
decomposition methods to solve integral equations.

4. Able to analyze and solve singular integral equations including Abel-type and generalized
Abel’s problems.

5. Able to use Fourier and Z-transforms to solve differential and integral equations and evaluate
definite integrals.

6. Able to demonstrate understanding of convolution theorems, Parseval’s relations, and their
applications in mathematical modeling.

Course Contents

Module-1
Second order linear PDEs: Classification, Canonical forms, Linear PDEs with constant coefficients.
Solutions to Laplace, Heat and Wave equations: Elementary solution, Separation of variables,
Method of characteristics, Integral transforms, Green’s functions methods.

Module-2
Linear integral equations of 1st and 2nd kinds-Fredholm and Volterra types. Relation between
integral equations and initial, boundary value problems. Degenerate kernel: Homogeneous and
Non-homogeneous integral equations, First, Second and Third Fredholm theorems and their appli-
cations, Fredholm alternative theorem and its applications.

Module-3
Successive approximations: Iterated kernels, Reciprocal kernels, Volterra’s solution of Fredholm’s
integral equation. Successive substitution, Adomian decomposition method, Modified decompo-
sition method, Series solutions. Singular integral equations: Abel’s problem, Generalized Abel’s
integral equation.

Module-4
Fourier integral theorem, Fourier and inverse Fourier transforms, Fourier cosine and sine transforms
and their inverse transforms, Fourier transform of generalized functions, Properties of Fourier,
Fourier cosine and Fourier sine transforms. Convolution: Convolution theorems, properties of
convolution, Parseval’s relation, General Parseval’s relation. Bessel’s inequality, Application of
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Fourier, Fourier cosine and Fourier sine transforms: Evaluation of definite integrals, Solution of
ODEs, PDEs, Integral equations, Mathematical statistics. Z-transforms and their properties, In-
verse Z-transforms and their properties.

Reference Books

1. I.N. Sneddon, Elements of Partial Differential Equations, Dover, 2006.

2. W.E. Williams, Partial Differential Equations, Clarendon Press, 1980.

3. F.H. Miller, Partial Differential Equations, Wiley, 1941.

4. I.G. Petrovsky (Translated by A. Shenitzer), Lectures on Partial Differential Equations, Uni-
versity Press, 1954.

5. A. Sommerfeld, Partial Differential Equations in Physics, Academic Press, 1967.

6. E. Zauderer, Partial Differential Equations of Applied Mathematics, Wiley, 2006.

7. H.F. Weinberger, A First Course in Partial Differential Equations, Blaisdell, 1965.

8. C.R. Chester, Techniques in Partial Differential Equations, McGraw Hill, 1971.

9. L.C. Evans, Partial Differential Equations, American Mathematical Society, 2014.

10. V. Vladimirov, Equations of Mathematical Physics. Dekker, 1971.

11. T. Myint-U and L. Debnath, Linear Partial Differential Equations for Scientists and Engi-
neers, Springer, 2006.

12. T. Amarnath, An Elementary Course in Partial Differential Equations, Narosa Publishing
House, 2006.

13. R. Courant and D. Hilbert, Methods of Mathematical Physics, Vol. I and II, Interscience
Publishers, New York, 1953.

14. I.N. Sneddon, The Uses of Integral Transforms, McGraw-Hill Book Company, New York,
1972.

15. J.W. Miles, Integral Transforms in Applied Mathematics, Cambridge University Press, 2008.

16. R.N. Bracewell, The Fourier Transform and Its Applications, McGraw Hill, 1986.

17. C.J. Tranter, Integral Transforms in Mathematical Physics, John Wiley & Sons, New York,
1951.

18. I.N. Sneddon, The Fourier Transform, Dover Publications, New York, 1995.

19. L. Andrews and V.K. Shivamoggi, Integral Transforms for Engineers, SPIE Press, Bellingham,
WA, 1999.

20. A. Wazwaz, A First Course in Integral Equations, World Scientific Publishing Co. Pvt. Ltd.,
1997.

21. R.P. Kanwal, Linear Integral Equations: Theory and Techniques, Academic Press Inc., 1971.

22. D. Porter and D.S.G. Stirling, Integral Equations, Cambridge University Press, 1971.

23. W.V. Lovitt, Linear Integral Equations, Dover Publications, New York, 1950.

17



24. F.G. Tricomi, Integral Equations, Dover Publications, New York, 1985.

25. S.G. Mikhlin, Linear Integral Equations, Dover Publications, Dover, 2020.

MTMMJ-MC-15

Higher Abstract Algebra
Credit: 4

Full Marks: 75 (CA: 25, SE: 50)

Learning Objectives:

This course aims to provide an in-depth understanding of advanced group theory and ring theory
concepts. Students will explore automorphisms, group actions, Sylow theorems, and classifica-
tion of finite groups. They will study structural properties such as characteristic subgroups, direct
products, and solvable and nilpotent groups. The course also introduces foundational ring-theoretic
concepts including polynomial rings, divisibility, factorization, and domain classifications like Eu-
clidean and principal ideal domains. Emphasis is placed on developing abstract reasoning, proof
techniques, and the ability to apply theoretical concepts to solve algebraic problems.

Learning Outcomes:

On completion of the course, the students would

1. Understand and determine automorphisms, inner automorphisms, and characterize automor-
phism groups of cyclic groups.

2. Apply concepts of characteristic subgroups, commutator subgroups, and direct products, and
use the Fundamental Theorem of Finite Abelian Groups.

3. Analyze group actions, compute stabilizers and kernels, and apply class equations and per-
mutation representations.

4. Able to prove and apply Cayley’s and Sylow’s theorems and classify finite groups based on
order.

5. Examine the structure of simple, nilpotent, and solvable groups using normal and composition
series.

6. Study divisibility and factorization properties in integral domains, Euclidean domains, and
principal ideal domains and use reducibility and irreducibility tests to analyze polynomials
over commutative rings.

Course Contents
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Module-1
Automorphism, inner automorphism, automorphism groups, automorphism groups of finite and
infinite cyclic groups, applications of factor groups to automorphism groups, Characteristic sub-
groups, Commutator subgroups and their properties. Properties of external direct products, the
group Un of units modulo n as an external direct product, internal direct products, Fundamental
Theorem of finite abelian groups.

Module-2
Group actions, stabilizers and kernels, permutation representation associated with a given group
action. Applications of group actions. Class equation and consequences. Cayley’s theorem, Gener-
alized Cayley’s theorem. Index theorem. Groups acting on themselves by conjugation, conjugacy
in Sn.

Module-3
p-groups, Cauchy’s theorem, Sylow’s theorems and consequences. Classification of Finite Groups of
order pq, p2q, p2q2 (p, q are primes) etc. Simple Groups, Simplicity of An for n ≥ 5, Non-simplicity
tests, Simplicity of Groups of order ≤ 60. Normal Series, Composition Series. Nilpotent Groups,
Solvable Groups.

Module-4
Polynomial rings over commutative rings, division algorithm and consequences. Divisibility in
integral domains, irreducible, primes. Factorization domains, Euclidean domains, principal ideal
domains, unique factorization domains, Factorization of polynomials, reducibility tests, irreducibil-
ity tests, Eisenstein criterion.

Reference Books

1. J.B. Fraleigh, A First Course in Abstract Algebra, 7th Ed., Pearson, 2002.

2. M. Artin, Abstract Algebra, 2nd Ed., Pearson, 2011.

3. J.A. Gallian, Contemporary Abstract Algebra, 4th Ed., Narosa, 1999.

4. S. Lang, Introduction to Linear Algebra, 2nd Ed., Springer, 2005.

5. G. Strang, Linear Algebra and its Applications, Thomson, 2007.

6. S. Kumaresan, Linear Algebra: A Geometric Approach, Prentice Hall of India, 1999.

7. K. Hoffman and R.A. Kunze, Linear Algebra, 2nd Ed., Prentice Hall of India, 1971.

8. S.H. Friedberg, A.L. Insel and L.E. Spence, Linear Algebra, Prentice Hall of India, 2004.

9. D.S. Dummit and R.M. Foote, Abstract Algebra, 3rd Ed., Wiley & Sons, 2004.

10. J.R. Durbin, Modern Algebra: An Introduction, John Wiley & Sons, 2000.

11. D.A.R. Wallace, Groups, Rings and Fields, Springer, 1998.

12. D.S. Malik, J.M. Mordeson and M.K. Sen, Fundamentals of Abstract Algebra, McGraw Hill,
1996.

13. I.N. Herstein, Topics in Algebra, Wiley, India, 1975.
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