Syllabus for M.A./M.Sc. Mathematics Course under Semester System

Semester I

Paper I* ………. (Algebra -I)

4½ credits

Paper II* ……… (Analysis-I)

4½ credits

Paper III* ……..

(Topology)

4½ credits

Paper IV*……..

(Differential Geometry of Manifolds-I)

4½ credits

Page V*……….

(Ordinary and Partial Differential Equations)

4½ credits

• Papers marked * are core courses

Semester II

Paper I* ………

(Algebra -II)

4½ credits

Paper II*…..….

(Analysis-II)

4½ credits

Paper III*……...

(Set Theory and Complex Analysis)

4½ credits

Paper IV*……..

(Differential Geometry of Manifolds-II)

4½ credits

Paper V*………

(Mechanics: Generalized Motion of Rigid Body)

4½ credits

• Papers marked * are core courses

Semester III

Paper- I* ……

(Normed Linear Spaces and Integration Theory)

4½ credits

Paper II **

4½ credits

Paper III**

4½ credits

Paper IV**

4½ credits

Paper V***

3 credits

Paper VI***

3 credits

• Paper marked * is a core course.

• Papers marked ** are major elective courses, titled (a) Sobolev Spaces, (b) Hydrodynamics, (c)

Structures on Differentiable Manifolds-I, (d) Operations Research –I, (e) Gravitation, (f)

Numerical Solution of Ordinary Differential Equations.

• Papers marked *** are minor elective courses, titled (a) Graph Theory, (b) Fuzzy Sets and Fuzzy

Logic, (c) Mathematical Modelling (see Note below).

Semester IV

Paper I*……….

(Functional Analysis)

4½ credits

Paper II**

4½ credits

Paper III**

4½ credits

Paper IV**

4½ credits

Paper V***

3 credits

Paper VI***

3 credits

• Paper marked * is a core course.

• Papers marked ** are major elective courses, titled (a) Sobolev Spaces-II, (b) Fluid Mechanics,

(c) Structures on Differentiable Manifolds-II, (d) Operations Research–II, (e) Cosmology, (f)

Numerical Solution of Partial Differential Equations.

• Papers marked *** are minor elective courses, titled (a) Automata and Formal Languages, (b)

Integral Equations, and (c) Computational Geometry (see Note below).

Note: In the whole course of 4 semesters, a student has to take minor elective courses of 9 credits, either

from this department or from some other departments within the Faculty
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FIRST SEMESTER

There will be five core courses each having 4½ credits. There will be 30 marks in each course for

internal assessment based on class tests/ seminars. There will be semester-end examination of the theory

of 70 marks in each course.

Paper I (Algebra-I)

Sylow’s theorems, Sylow p-subgroups, Direct product of groups. Structure theorem for finitely

generated abelian groups. Normal and subnormal series. Composition series, Jordan-Holder theorem.

Solvable groups. Insolvability of Sn for n ≥ 5. Nilpotent groups.

Extension fields. Finite, algebraic, and transcendental extensions. Splitting fields. Simple and

normal extensions. Perfect fields. Primitive elements. Algebraically closed fields. Automorphisms of

extensions. Galois extensions.

Fundamental theorem of Galois theory. Galois group over the rationals.

References:

1. I. N. Herstein, Topics in Algebra, Wiley Eastern, 1975.

2. P. B. Bhattacharya, S. K. Jain and S. R. Nagpal, Basic Abstract Algebra (2nd Edition), Cambridge

University Press, Indian Edition 1977.

3. Ramji Lal, Algebra, Vol.1, Shail Publications, Allahabad 2001.

4. Vivek Sahai and Vikas Bist, Algebra, Narosa Publishing House 1999.

5. D. S. Malik, J. N. Mordeson, and M. K. Sen, Fundamentals of Abstract Algebra, McGraw-Hill

International Edition, 1997.

Paper II (Analysis-I)

Definition and existence of Riemann-Stieltjes integral, Conditions for R-S integrability.

Properties of the R-S integral, R-S integrability of functions of a function. Integration of vector-valued

functions, Rectifiable curves.

Series of arbitrary terms. Convergence, divergence and oscillation, Abel’s and Dirichilet’s tests.

Multiplication of series. Rearrangements of terms of a series, Riemann’s theorem.

Sequences and series of functions, pointwise and uniform convergence, Cauchy’s criterion for

uniform convergence. Weierstrass M-test, Abel’s and Dirichlet’s tests for uniform convergence, uniform

convergence and continuity, uniform convergence and Riemann-Stielties integration, uniform

convergence and differentiation. Weierstrass approximation theorem. Power series. Uniqueness theorem

for power series, Abel’s and Tauber’s theorems.

References:

1. Walter Rudin, Principles of Mathematical Analysis (3rd edition) McGraw-Hill, Kogakusha, 1976,

International Student Edition.

2. K. Knopp, Theory and Application of Infinite Series.

3. T. M. Apostol, Mathematical Analysis, Narosa Publishing House, New Delhi, 1985.
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Paper III (Topology)

Definition and examples of topological spaces. Closed sets. Closure. Dense sets. Neighborhoods,

interior, exterior, and boundary. Accumulation points and derived sets. Bases and sub-bases. Subspaces

and relative topology.

Alternative methods of defining a topology in terms of Kuratowski closure operator and

neighborhood systems.

Continuous functions and homeomorphism. First and second countable space. Lindelöf spaces.

Separable spaces.

The separation axioms T0, T1, T2, T3½, T4; their characterizations and basic properties. Urysohn’s

lemma. Tietz extension theorem.

Compactness. Basic properties of compactness. Compactness and finite intersection property.

Sequential, countable, and B-W compactness. Local compactness. One-point and Stone-Cĕch

compactifications.

Connected spaces and their basic properties. Connectedness of the real line. Components.

Locally connected spaces.

Tychonoff product topology in terms of standard sub-base and its characterizations.Product

topology and separation axioms, connected-ness, and compactness (incl. the Tychonoff’s theorem),

countability and product spaces.

Nets and filters, their convergence, and interrelation. Hausdorffness and compactness in terms of

net/filter convergence.

References:

1. J. L. Kelley, General Topology, Van Nostrand, 1995.

2. K. D. Joshi, Introduction to General Topology, Wiley Eastern, 1983.

3. James R. Munkres, Topology, 2nd Edition, Pearson International, 2000.

4. J. Dugundji, Topology, Prentice-Hall of India, 1966.

5. George F. Simmons, Introduction to Topology and Modern Analysis, McGraw-Hill, 1963.

6. N. Bourbaki, General Topology, Part I, Addison-Wesley, 1966.

7. S. Willard, General Topology , Addison-Wesley, 1970.

Paper IV (Differential Geometry of Manifolds-I)

Definition and examples of differentiable manifolds. Tangent spaces. Jacobian map. One

parameter group of transformations. Lie derivatives. Immersion and imbeddings. Distributions. Exterior

Algebra. Exterior derivative.

Riemannian manifolds. Riemannian Connection. Curvature tensors. Sectional curvature. Schur’s

theorem. Geodesics. Projective curvature tensor. Conformal curvature tensor. Semi-symmetric

connections.

Submanifolds and Hypersurfaces. Normals. Gauss’s formula. Weingarten equations. Lines of

curvature. Generalized Gauss and Mainardi-Codazzi equations.
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References:

1. R. S. Mishra, A Course in Tensors with Applications to Riemanian Geometry, Pothishala,

Allahabad, 1965.

2. Y. Matsushima, Differentiable Manifolds, Marcel Dekker, 1972.

3. B. B. Sinha, An Introduction to Modern Differential Geometry, Kalyani Prakashan, New Delhi,

1982.

Paper V (Ordinary and Partial Differential Equations)

Existence, uniqueness and continuity of solutions of dy/dx = f(x,y). Green’s function for second order

boundary value problems. Cauchy problems and characteristics. Separation of variables for heat

equation, Wave equation and Laplace equation.

Laplace’s Equation – Fundamental solution, Mean value formulae, Properties of harmonic

functions. Green’s functions. Energy methods.

Heat Equation - Fundamental solutions, Mean value formulae, Properties of solutions, Energy

methods.

Wave Equation - Solution by spherical means, Non-homogeneous equation, Energy methods.

References:

1. S. G. Deo, V. Lakshmikantham and V. Raghavendra, Text Book of Ordinary Differential

Equations, Tata McGraw-Hill, 1977.

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

3. I.N. Sneddon, Elements of Partial Differential Equations, McGraw-Hill, 1988.

4. L. C. Evans, Partial Differential Equations, Graduate Studies in Mathematics, Vol. 19, AMS,

1999.

5. Fritz John, Partial Differential Equations, Springer-Verlag, 1986.

SECOND SEMESTER

There will be five core courses each having 4½ credits. There will be 30 marks in each course for

internal assessment based on class tests/ seminars. There will be semester-end examination of the theory

of 70 marks in each course.

Paper I (Algebra–II)

Cyclic modules, simple modules and semi-simple modules. Schur’s lemma. Free modules.

Noetherian and Artinian modules and rings. Hilbert basis theorem .

Solution of polynomial equations by radicals. Insolvability of the general equation of degree ≥ 5

by radicals. Finite fields.

Canonical forms: Similarity of linear transformations. Invariant subspaces. Reduction to

triangular forms. Nilpotent transformations. Index of nilpotency. Invariants of a nilpotent

transformation. The primary decomposition theorem. Jordan blocks and Jordan form.
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References:

1. I. N. Herstein, Topics in Algebra, Wiley Eastern, 1975.

2. P. B. Bhattacharya, S. K. Jain and S. R. Nagpal, Basic Abstract Algebra (2nd Edition), Cambridge

University Press, 1997.

3. K. Hoffman and R. Kunze, Linear Algebra, 2nd Edition, Prentice Hall of India, 1971.

4. D. S. Malik, J. N. Mordeson, and M. K. Sen, Fundamentals of Abstract Algebra, McGraw-Hill

International Edition, 1997.

5. Vivek Sahai and Vikas Bist, Algebra, Narosa Publishing House, 1999.

6. Ramji Lal, Fundamentals in Abstract Algebra, Chakra Prakashan, Allahabad, 1985.

Paper II (Analysis-II)

Functions of several variables. Derivative of functions in a open subset of ℜn into ℜm as a linear
transformation. Chain rule. Partial derivatives. Taylor’s theorem. Inverse function theorem. Implicit

function theorem. Jacobians.

Measures and outer measures. Measure induced by an outer measure, Extension of a measure.

Uniqueness of Extension, Completion of a measure. Lebesgue outer measure. Measurable sets. Non-

Legesgue measurable sets. Regularity. Measurable functions. Borel and Lebesgue measurability.

Integration of non-negative functions. The general integral. Convergence theorems. Riemann and

Lebesgue integrals.

The LP-space. Convex functions. Jensen’s inequality. Holder and Minkowski inequalities.

Completeness of LP. Convergence in measure, Almost uniform convergence.

References:

1. Walter Rudin, Principle of Mathematical Analysis (3rd edition) McGraw-Hill Kogakusha,

International Student Edition, 1976.

2. H.L. Royden, Real Analysis, 4th Edition, Macmillan, 1993.

3. P. R. Halmos, Measure Theory, Van Nostrand, 1950.

4. G. de Barra, Measure Theory and Integration, Wiley Eastern, 1981.

5. E. Hewitt and K. Stromberg, Real and Abstract Analysis, Springer, 1969.

6. P. K. Jain and V. P. Gupta, Lebesgue Measure and Integration, New Age International, New

Delhi, 2000.

7. R. G. Bartle, The Elements of Integration, John Wiley, 1966.

Paper III (Set Theory and Complex Analysis)

Set theory : Countable and uncountable sets. Infinite sets and the Axiom of choice. Cardinal

numbers and its arithmetic. Schroder-Bernstein theorem. Cantor’s theorem and the continuum

hypothesis. Zorn’s lemma. Well-ordering theorem.
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Complex Analysis : Complex Integration. Cauchy-Goursat Theorem. Cauchy’s integral formula.

Higher order derivatives. Morera’s theorem. Cauchy’s inequality and Liouville’s theorem. The

fundamental theorem of algebra. Taylor’s Theorem. Maximum modulus Principle, Schwarz lemma.

Laurent’s Series. Isolated singularities. Casporati-Weierstress theorem. Meromorphic functions.

The argument principle. Rouche’s theorem. Inverse function theorem.

Residues. Cauchy’s residue theorem. Evaluation of integrals. Branches of many valued functions

with special reference to arg Z, Log Z, and Za.

Analytic continuation. Uniqueness of direct analytic continuation. Uniqueness of analytic

continuation along a curve. Power series method of analytic continuation. Schwarz reflection principle.

Monodromy theorem and its consequences.

References:

1. K. Knopp, Theory of Functions, Vol. 1.

2. E. C. Titchmarsh, The Theory of Functions, Oxford University Press.

3. J. B. Conway, Functions of One Complex Variable, Narosa Publishing House, 1980.

4. E. T. Copson, Complex Variables, Oxford University Press.

5. L. V. Ahlfors, Complex Analysis, MacGraw-Hill, 1977.

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

7. P. Suppes, Axiomatic Set Theory, Van Nostrand, 1960.

8. P.R. Halmos, Naive Set Theory, Van Nostrand, 1960.

9. K.K. Jha, Advanced Set Theory & Fundamentals of Mathematics, P.C. Dwadesh Shreni & Co.,

Aligarh, 1993.

Paper IV (Differential Geometry of Manifolds-II)

Topological groups. Lie groups and Lie algebras. Product of two Lie groups. One parameter

subgroups and exponential maps. Examples of Lie groups. Homomorphism and isomorphism. Lie

transformation groups. General linear groups.

Principal fiber bundle. Linear frame bundle. Associated fiber bundle. Vector bundle. Tangent

bundle. Induced bundle. Bundle homomorphisms.

Almost complex and Almost contact structures. Nijenhuis tensor. Contravariant and covariant

almost analytic vector fields in almost complex manifold. F-Connexion.

Almost complex and almost contact submanifolds and hypersurfaces.

References:

1. R. S. Mishra, Structures on a Differentiable Manifold and Their Applications, Chandrama

Prakashan, Allahabad, 1984.

2. B. B. Sinha, An Introduction to Modern Differential Geometry, Kalyani Prakashan, New Delhi,

1982.

3. K. Yano and M. Kon, Structure of Manifolds, World Scientific, 1984.
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Paper V- Mechanics (Generalized Motion of Rigid Body)

Rotation of a vector in two and three dimensional fixed frame of references. Kinetic energy and

angular momentum of rigid body rotating about its fixed point.

Euler dynamic and geometrical equations of motion.

Generalized coordinates, momentum and force components. Lagrange equations of motion under

finite forces, cyclic coordinates and conservation of energy.

Lagrangian approach to some known problems-motions of simple, double, spherical and

cycloidal pendulums, motion of a particle in polar system, motion of a particle in a rotating plane,

motion of a particle inside a paraboloid, motion of an insect crawling on a rod rotating about its one end,

motion of masses hung by light strings passing over pulleys, motion of a sphere on the top of a fixed

sphere and Euler dynamic equations.

Lagrange equations for constrained motion under finite forces. Lagrange equations of motion

under impulses, motion of parallelogram about its centre and some of its particular cases.

Small oscillations for longitudinal and transverse vibrations.

Equations of motion in Hamiltonian approach and its applications on known problems as given

above. Conservation of energy. Legendre dual transformations.

Hamilton principle and principle of least action. Hamilton-Jacobi equation of motion, Hamilton-

Jacobi theorem and its verification on the motions of a projectile under gravity in two dimensions and

motion of a particle describing a central orbit.

Phase space, canonical transformations, conditions of canonicality, cyclic relations, generating

functions, invariance of elementary phase space, canonical transformations form a group and Liouville

theorem.

Poisson brackets, Poisson first and second theroems, Poisson–Jacobi identity and invariance of

Poisson bracket.

References:

1. A. S. Ramsay, Dynamic –Part II.

2. N. C. Rana and P.S. Joag, Classical Mechanics, Tata McGraw-Hill, 1991.

3. H. Goldstein, Classical Mechanics, Narosa,1990.

4. J. L. Synge and B. A. Griffith, Principles of Mechanics , McGraw-Hill, 1991.

5. L. N. Hand and J. D. Finch, Analytical Mechanics, Cambridge University Press, 1998.

6. Naveen Kumar, Generalized Motion of Rigid Body, Narosa, 2004.
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THIRD SEMESTER

There will be one core course having 4½ credits. Students have to also choose three major

electives, each having 4½ credits. There will be internal assessment of 30 marks in each paper based on

class tests/seminars. There will be semester-end examination of the theory of 70 marks in courses which

do not have practical. For the courses having practical, the theory paper will be of 50 marks and practical

will be of 20 marks. There will be one internal and one external examiner in the practical examination.

The department will run at least two minor electives (without practical) each having 3 credits.

There will be internal assessment of 30 marks based on class tests/seminars and semester-end

examination of 70 marks in each minor elective.

In all, a student is required to take minor electives of 9 credits in the whole course (i.e., in all the

4 semesters combined) either from the department or from other departments within the Faculty.

Paper- I

Normed Linear Spaces and Integration Theory (Core Course)

Normed liner spaces. Banach spaces and examples. Quotient space of normed linear space and its

completeness. Equivalent norms. Riesz lemma. Basic properties of finite dimensional normed linear

space and compactness.

Integration Theory : Signed measure. Hahn and Jordan decomposition theorems. Absolutely

continuous and singular measures. Radon Nikodyn theorem. Labesgue decomposition. Riesz

representation theorem. Extension theorem (Carathe'odory). Lebesgue-Stieltjes integral.

Product measures. Fubini’s theorem. Baire sets. Baire measure. Continuous functions with

compact support. Regularity of measures on locally compact spaces. Integration of continuous functions

with compact support. Reisz-Markoff theorem.

References:

1. H. L. Royden, Real Analysis, Macmillan, 4th Edition, 1993.

2. P. R. Halmos, Measure Theory, Van Nostrand, 1950.

3. S. K. Berberian, Measure and Integration, Wiley Eastern, 1981.

4. G. F. Simmons, Introduction to Topology and Modern Analysis, McGraw-Hill, 1963.

5. G. Bachman and L. Narici, Functional Analysis, Academic Press, 1966.

6. A. E. Taylor, Introduction to Functional Analysis, John Wiley, 1958.

7. B. V. Limaye, Functional Analysis, Wiley Eastern Ltd.

8. G. de Barra, Measure Theory and Integration, Wiley Eastern, 1981.

9. R. G. Bartle, The Elements of Integration, John Wiley, 1966.

10. Inder K. Rana, An Introduction to Measure and Integration, Narosa Publishing House, 1997.

11. Edwin Hewitt and Karl Stromberg, Real and Abstract Analysis, Springer-Verlag.
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Paper II/III/IV - Sobolev Spaces (Major Elective)

Test functions and approximations. Convergence in D(Ω). Distributions and their properties.

Convergence of distributions. Distributional derivatives.

Distributions of compact support. Direct product of distributions, convolutions and their

properties. Fundamental solutions of linear differential operators.

Space of rapidly decreasing functions, Tempered distributions. Fourier transform on L1(ℜn).
Fourier transforms of tempered distributions and their properties. Convolution theorem. Fourier

transform on E-(ℜn).
References:

1. S. Kesavan, Topics in Functional Analysis and Applications, Wiley Eastern, 1989.

2. R. S. Pathak, A Course in Distribution Theory and Applications, Narosa Publishing House, 2001.

3. F. G. Friedlander, Introduction to the Theory of Distributions, Cambridge University Press, 1982.

Paper II/III/IV - Hydrodynamics (Major Elective)

Equation of continuity, Boundary surfaces, streamlines, Irrotational and rotational motions,

Vortex lines, Euler’s Equation of motion, Bernoulli’s theorem, Impulsive actions. Motion in two-

dimensions, Conjugate functions, Source, sink, doublets and their images, conformal mapping, Two-

dimensional irrotational motion produced by the motion of circular cylinder in an infinite mass of liquid,

Theorem of Blasius, Motion of a sphere through a liquid at rest at infinity. Liquid streaming past a fixed

sphere, Equation of motion of a sphere.

Stress components in real fluid, Equilibrium equation in stress components, Transformation of

stress components, Principal stress, Nature of strains, Transformation of rates of strain, Relationship

between stress and rate of strain, Navier-Stokes equation of motion.

References:

1. W. H. Besant and A. S. Ramsey, A Treatise on Hydrodynamics, CBS Publishers and

Distributors, Delhi, 1988.

2. S. W. Yuan, Foundations of Fluid Dynamics, Prentice-Hall of India, 1988.

Paper II/III/IV - Structures on Differentiable Manifolds-I

(Major Elective)

(1) Almost Hermite Manifolds : Definitions. Almost analytic vector fields, curvature tensor, linear

connections, almost quaternion metric structure, submanifolds. F-connections.

(2) Kahler Manifolds : Definition, curvature tensor, affine connections. Projective, conformal,

concircular, conharmonic and Bochner curvature tensors. Contravariant almost analytic vectors,

submanifolds, quaternion Kahler manifold.

(3) Nearly Kahler Manifold : Definitions, certain properties, curvature identities, almost analytic

vectors, immersions.

(4) Almost Kahler Manifolds : Definitions, some properties, analytic vectors, conformal

transformations, curvature identities, immersions.

(5) Quasi-Kahler, Semi-Kahler Manifolds: Definitions, curvature identities, properties and immersion

in a quasi-Kahler manifold.
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References:

1. R.S. Mishra, Structures on a Differentiable Manifold and Their Applications, Chandrama

Prakashan, Allahabad, 1984.

2. K. Yano, Differential Geometry of Complex and Almost Complex Spaces, Pergamon Press,

1965.

Paper II/III/IV - Operations Research–I (Major Elective)

Linear programming, Simplex method, Theory of Simplex method, Duality and sensivity

analysis, Economic interpretation of dual variables. Other algorithms for linear programming –Dual

Simplex method, parametric linear programming, upper bound technique. Linear goal programming,

Transportation and assignment problems. Integer programming – Branch and bound Technique, all

integer programming problems and mixed integer programming problems.

References:

1. F.S. Hiller and G. J. Leiberman, Introduction to Operations Research (6th Edition), McGraw-

Hill International Edition, 1995.

2. G. Hadley, Linear Programming, Narosa Publishing House, 1995.

3. H. A. Taha, Operations Research –An introduction, Macmillan.

4. Kanti Swarup, P. K. Gupta and Man Mohan, Operations Research- An Introduction, S. Chand &

Company, New Delhi.

5. N. S. Kambo, Mathematical Programming Techniques, Affiliated East-West Press, New Delhi.

6. S. S. Rao, Optimization Theory and Applications, Wiley Eastern.

7. Prem Kumar Gupta and D.S. Hira, Operations Research- An Introduction, S. Chand &

Company, New Delhi.

Paper II/III/IV - Gravitation (Major Elective)

Newtonian theory : Attraction and potential of rod, disc, spherical shell and sphere. Surface integral of

normal attractions-Gauss theorem, Laplace and Poission equations. Work done by self attracting

systems. Distribution for given potentials. Equipotential surfaces.

Einstein’s Theory : Principles of equivalence and general covariance, Geodesic postulate. Newtonian

approximation of general relativistic equations of motion. Heuristic derivation of Einstein’s field

equations, Newtonian approximation of Einstein’s field equations. Schwarzschild external solution.

Planetary orbit. The three crucial tests. Energy momentum tensor of a perfect fluid. Schwarzschild

internal solution.

References:

1. S. L. Loney, An Elementary Treatise on Statics, Kalyani Publishers-New Delhi, 1979.

2. A. S. Ramsey, Newtonian Attraction, Cambridge University Press, 1964.

3. A. S. Eddington, The Mathematical Theory of Relativity, Cambridge University Press, 1954.

4. R. Adler, M. Bazin and M. Schiffer, Introduction to General Relativity, McGraw-Hill, 1965.

5. S. R. Roy and Raj Bali, Theory of Relativity, Jaipur Publishing House, 1987.

6. J. V. Narlikar, General Relativity and Cosmology, Macmillan, 1978.
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Paper II/III/IV - Numerical Solution of Ordinary Differential Equations (Major Elective)

Theory : 50 Marks

Practical : 20 Marks

Lagrange and cubic spline interpolations, numerical differentiation based on finite difference

operators and undetermined coefficients, Newton-Cotes and Gaussian integration rules.

FORTRAN arithmetic statements, logical and DO statements, input/ output statements,

arithmetic IF statements, simple programs.

Integral equations –Fredholm and Volterra equations of first and second types. Conversions of

initial and boundary value problems into integral equations, numerical solutions of integral equations

using Newton-Cotes and Gaussian integration rules.

Numerical solutions of integral equations using Lagrange linear interpolation, cubic spline

interpolation, Chebyshev polynomial and degenerate kernels.

Numerical solutions of system of simultaneous first order differential equations and second order

initial value problems (IVP) by Euler and Runge-Kutta (IV order) explicit methods.

Numerical solutions of second order boundary value problems (BVP) of first, second and third

types by shooting method.

Finite difference schemes of second order BVP based on difference operators (solutions of tri-

diagonal system of equations).

Solutions of such BVP by Newton-Cotes and Gaussian integration rules. Convergence and

stability of finite difference schemes.

Variational principle, approximate solutions of second order BVP of first kind by Reyleigh-Ritz,

Galerkin, Collocation and finite difference methods.

Finite Element methods for BVP-line segment, triangular and rectangular elements, Ritz and

Galerkin approximation over an element, assembly of element equations and imposition of boundary

conditions.

References:

1. M. K. Jain, S. R. K. Iyenger and R. K. Jain, Numerical Methods for Scientific and Engineering

Computations, New Age Publications, 2003.

2. M. K. Jain, Numerical Solution of Differential Equations, 2nd edition, , Wiley-Eastern.

3. S. S. Sastry, Introductory Methods of Numerical Analysis,

4. D.V. Griffiths and I.M. Smith, Numerical Methods for Engineers, Oxford University Press, 1993.

5. C. F. Gerald and P. O. Wheatley, Applied Numerical Analysis, Addison- Wesley, 1998.

6. V. Rajaraman, FORTAN-77.

7. A. S. Gupta, Text Book on Calculas of Variation, Prentice-Hall of India, 2002.

8. Naveen Kumar, An Elementary Course on Variational Problems in Calculus, Narosa, 2004.
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Paper V/VI – Graph Theory (Minor Elective)

A brief history of the evolution of graph theory as a mathematical tool in cracking problems in

various fields-basic science, engineering, social sciences, linguistic etc.

Definitions of different types of graphs, degree, subgraph, intersection of graphs,

homoeomorphism and isomorphism of graphs. Computer representation of graphs and diagraphs.

Adjacency and incidence matrices of a graph and a diagraph. Ulam’s conjecture. Walks, trails and paths,

cycles, connectedness. Trees, forests and spanning trees. Euler graph, postman problem. Moor’s,

Bellman’s and Dijkstra’s algorithms for shortest path. Kruskal’s and Prim’s algorithms for minimal

spanning trees. Networks. Block, cut-sets. Menger-Hall’s theorem. Max-flow- mincut theorem.

Bipartite graphs. Assignment problems and matching. Augmenting path. theorem for bipartite

matching.

Vertex colouring, chromatic number and the four colour theorem.

Planer graphs. Nonplaner graphs K5 and K3,3. Kuratowski’s planarity theorem.

References:

1. F. Harary, Graph Theory, Narosa.

2. E. Kreyszig, Advanced Engineering Mathematics, 8th edition, John Wiley.

3. Narsingh Deo, Graph Theory with Applications to Engineering and Computer Science, Prentice-

Hall of India.

4. W.T. Tutte, Graph Theory, Cambridge University Press, 2001.

*Proofs of some theorem, e.g. the four colour theorem, Menger-Hall’s theorem, Kuratowski’s

planarity theorem, may be avoided; instead a sketch may be given. The basic idea is to develop the

theory and demonstrate the beauty of the theorems and their applications.

Paper V/VI - Fuzzy Sets and Fuzzy Logic (Minor Elective)

Basic Concepts of Fuzzy Sets and Fuzzy Logic:

Motivation. Fuzzy sets and their representations. Types of membership functions and their

designing. Operations on fuzzy sets. Cardinality, height, and support of fuzzy sets. Normal fuzzy sets.

Convex fuzzy sets. Alpha-level cuts. Geometric interpretation of fuzzy sets. Linguistic variables.

Possibility measure and distribution. Fuzzy rules.

Fuzzy Relations and Fuzzy Arithmetic:

Fuzzy relations. Composition of fuzzy relations. Fuzzy numbers. Arithmetic operations on fuzzy

numbers.

Fuzzy If-Then Rules:

Fuzzy mapping rules and fuzzy implication rules. Fuzzy rule-based models for function

approximation. Types of fuzzy rule-based models (the Mamdani, TSK, and standard additive models).
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Fuzzy Implications and Approximate Reasoning:

Propositional logic and the first order predicate-calculus. Fuzzy implication. Approximate

reasoning. Criteria of fuzzy implications. Fuzzy implication functions.

Fuzzy Logic and Probability Theory :

Possibility versus probability. Probability of a fuzzy event. Baye’s theorem for fuzzy events.

Probabilistic interpretation of fuzzy sets. Fuzzy measure.

Fuzzy Logic in Database and Information System:

Fuzzy information. Fuzzy logic in database system. Fuzzy relational data models. Design theory

for fuzzy relational database.

References:

1. J. Yen and R. Langari: Fuzzy Logic: Intelligence, Control, and Information, Pearson Education,

2003.

2. G. J. Klir and B. Yuan: Fuzzy Sets and Fuzzy Logic: Theory and Applications, Prentice-Hall of

India, 1997.

Paper V/VI - Mathematical Modelling (Minor Elective)

Simple situations requiring mathematical modelling, techniques of mathematical modelling,

Classifications, Characteristics and limitations of mathematical models, Some simple illustrations.

Mathematical modelling through differential equations, Linear growth and decay models, Non

linear growth and decay models, Compartment models, Mathematical modelling in dynamics through

ordinary differential equations of first order.

Mathematical models through difference equations, Some simple models, Basic theory of linear

difference equations with constant coefficients, Mathematical modelling through difference equations in

economic and finance, Mathematical modelling through difference equations in population dynamics

and genetics.

Situations that can be modelled through graphs. Mathematical models in terms of Directed

graphs, Mathematical models in terms of signed graphs, Mathematical models in terms of weighted

digraphs.

Mathematical modelling through linear programming, Linear programming models in forest

management. Transportation and assignment models.

References:

1. J. N. Kapur, Mathematical Modelling, Wiley Eastern.

2. D. N. Burghes, Mathematical Modelling in the Social Management and Life Science, Ellils

Horwood and John Wiley.

3. F. Charlton, Ordinary Differential and Difference Equations, Van Nostrand.
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FOURTH SEMESTER

There will be one core course having 4½ Credits. Students have to also choose three major

electives, each having 4½ credits. There will be internal assessment of 30 marks in each paper based on

class tests/seminars. There will be semester-end examination of the theory of 70 marks in courses which

do not have practical. For the courses having practical, the theory paper will be of 50 marks and practical

will be of 20 marks. There will be one internal and one external examiner in the practical examination.

The department will run at least two minor electives (without practical), each having 3 credits.

There will be internal assessment of 30marks based on class tests/seminars and semester-end

examination of 70 marks in each minor elective.

In all, a student is required to take minor electives of 9 credits in the whole course (i.e., in all the

4 semesters combined) either from the department or from other departments within the Faculty.

Paper I – Functional Analysis (Core Course)

Bounded linear transformations. B(X,Y) as a normed linear space. Open mapping and closed

graph theorems.

Uniform boundedness principle and its consequences. Hahn-Banach theorem for real linear

spaces, complex linear spaces and normed linear spaces. Application of Hahn-Banach theorem. Dual

spaces with examples. Separability. Reflexive spaces. Stone-Weierstrass theorem. Weak convergence.

Weak sequential compactness. Compact operators.

Inner product spaces, Hilbert spaces. Orthonormal sets. Bessel’s inequality. Complete

orthonormal sets and Parseval’s identity. Structure of Hilbert spaces. Projection theorem. Riesz

representation theorem. Riesz-Fischer theorem. Adjoint of an operator on a Hilbert space. Reflexivity of

Hilbert spaces. Self-adjoint operators. Positive, projection, normal, and unitary operators.

References:

1. G. F. Simmons, Introduction to Topology and Modern Analysis, McGraw-Hill, 1963.

2. G. Bachman and L. Narici, Functional Analysis, Academic Press, 1966.

3. A. E. Taylor, Introduction to Functional Analysis, John Wiley, 1958.

4. B. V. Limaye, Functional Analysis, Wiley Eastern.

5. N. Dunford and J. T. Schwartz, Linear Operators, Part-I, Interscience, 1958.

6. R. E. Edwards, Functional Analysis, Holt Rinehart and Winston, 1965.

7. C. Goffman and G. Pedrick, First Course in Functional Analysis, Prentice- Hall of India, 1987.

8. K. K. Jha, Functional Analysis and Its Applications, Students’ Friend, 1986.

Paper II/III/IV – Sobolev Spaces –II (Major Elective)

Fourier transforms on L2(ℜn), Sobolev space Hm,p(Ω). The space Hs(ℜn). Embedding of Hs(ℜn).
Product and convolution in Hs(ℜn). The dual space H-s. The Sobolev space H1(Ω). Lp-Sobolev space of

order s.
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Weak solutions. Sesquilinear functionals. Lax-Milgram theorem. Weak solutions of Elliptic

boundary value problems. Second and higher order elliptic boundary value problems. Weak solutions of

boundary value problems in ℜ2.
References:

1. S. Kesvan, Topics in Functional Analysis and Applications, Wiley Eastern, 1989.

2. R.S. Pathak, A Course in Distribution Theory and Applications, Narosa Publishing House, 2001.

3. F. G. Friedlander, Introduction to the Theory of Distributions, Cambridge University Press,

1982.

4. R. A. Adams, Sobolev Spaces, Academic Press, 1975.

5. Firtz John, Partial Differential Equations, Springer-Verlag, 1986.

Paper II/III/IV - Fluid Mechanics (Major Elective)

Laminar flow of Viscous incompressible fluids-Similarity of flows. Buckingham ∏-theorem.

Flow between parallel flat plates: Couette and plane Poiseuille flows. Flow through a pipe: Hagen

Poiseuille flow, flow between two co-axially cylinders and two concentric rotating cylinders. Unsteady

motion of a flat plate. Lubrication.

Laminar boundary layer – Properties of Navier-Stokes equations. Boundary layer equations in

two-dimensional flows. Boundary layer along a flat plate. Blausius solution. Boundary layer

displacement and momentum-thicknesses. Momentum integral theorems with applications. Effect of

pressure gradient on the boundary layer development. Separation of boundary layer flow.

Compressible Inviscid flow – Controlling parameters. Equations of continuity, motion, energy

and pressure. Kelvin theorem. Propagations of motion. Formation of shock waves. Mach number, Mach

lines and cones. Isentropic flow relations. Pressure density and temperature in terms of Mach number.

References:

1. F. Charlton, A Text Book of Fluid Dynamics, CBC, 1985.

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

3. S. I. Pai, Introduction to the Theory of Compressible Flow, Affiliated East-West Press, 1970.

Paper II/III/IV - Structures on Differentiable Manifolds-II

(Major Elective)

(1) Almost contact manifolds: Definitions, Certain properties, Lie-derivative, Normal contact

structure, Affinely almost co-symplectic manifold, Almost contact 3-structure, Para contact

structure.

(2) Almost Grayan manifolds: Definitions, certain properties, D-conformal transformation, Particular

affine connections, Almost contact Riemannian 3-structure, Submanifolds.

(3) Sasakian Manifolds: Definition, properties of a Quasi-Sasakian manifolds, Co-symplectic

structure, some new definitions, 3-structure metric manifolds, sub-manifolds.

(4) F-structure manifolds: Definitions, some properties, Integrability conditions, Almost quaternion

and null-operations, Almost F-3-structure, Framed manifold.

(5) Other Structures: Almost tangent structure and ∏-structure, Almost product and almost

decomposable manifolds, A generalised structure and some of its properties.
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References:

1. R.S. Mishra, Structure on a Differentiable Manifold and their Applications, Chandrama

Prakashan, Allahabad, 1984.

2. K. Yano, Differential Geometry of Complex and Almost Complex Spaces, Pergamon Press,

1985.

Paper II/III/IV - Operations Research –II (Major Elective)

Network Analysis : Shortest path problem, Minimum spanning tree problem, Maximum flow problem,

Minimum cost flow problem, Network simplex method, Project planning and control techniques PERT-

CPM.

Dynamic Programming: Deterministic and probabilistic dynamic programming.

Game Theory: Two person zero sum games, Games with mixed strategies, Graphical solution, Solution

by linear programming.

Nonlinear Programming: One and multi-variable unconstrained optimization, Kuhn-Tucker conditions

for constrained optimization, Quadratic programming, Separable programming, Convex programming,

Non-convex Programming.

References:

1. F. S. Hiller and G. J. Leiberman, Introduction to Operations Research (6th Edition), McGraw-

Hill International Edition, 1995.

2. G. Hadley, Nonlinear and Dynamic Programming, Addison Wesley.

3. H. A. Taha, Operations Research –An Introduction, Macmillan.

4. Kanti Swarup, P. K. Gupta and Man Mohan, Operations Research, Sultan Chand & Sons, New

Delhi.

5. S. S. Rao, Optimization Theory and Applications, Wiley Eastern.

6. N. S. Kambo, Mathematical Programming Techniques, Affiliated East-West Press Pvt. Ltd.,

New Delhi.

Paper II/III/IV – Cosmology (Major Elective)

An overview of the large scale structure of the universe. Einstein’s modified field equations with

the cosmological term.

Static cosmological models of the Einstein and de-Sitler; their derivation, geometrical and

physical properties and comparison with the actual universe.

Hubble’s law, non-static cosmological models, cosmological principles and Weyl’s postulate.

Derivation of the Robertson-Walker metric and its geometrical properties. Hubble and

deceleration parameters. Red shift in the Robertson-Walker geometry.
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Einstein’s equations for the Robertson-Walker metric, fundamental dynamical equations of the

standard big-bang cosmology-Friedman Robertson-Walker models. Initial singularity-the bang, density

and pressure in the present universe. Critical density- the open, closed and flat universes. Age of the

universe. The radiation and matter dominated era of the universe. The red shift versus distance relation.

Event and particle horizons.

References:

1. R. C. Tolman, Relativity, Thermodynamics and Cosmology, Clarendon Press, Oxford, 1934.

2. S. Weinberg, Gravitation and Cosmology, John Wiley, 1972.

3. J. V. Narlikar, Introduction to Cosmology, Cambridge University Press, 1998.

4. J. N. Islam, An Introduction to Mathematical Cosmology, Cambridge University Press, 1999.

5. J. A. Peacock, Cosmological Physics, Cambridge University Press, 1999.

Paper II/III/IV –

Numerical Solutions of Partial Differential Equations (Major Elective)

Theory: 50 Marks

Practical : 20 Marks

Numerical solutions of parabolic equations of second order in one space variable with constant

coefficients –two and three levels explicit and implicit difference schemes, truncation errors and

stability. Difference schemes for diffusion convection equation.

Numerical solution of parabolic equations of second order in two space variable with constant

coefficients-improved explicit schemes, Larkin modifications, implicit methods, alternating direction

implicit (ADI) methods.

Difference schemes for parabolic equations with variable coefficients in one and two space

dimensions. Difference schemes in spherical and cylindrical coordinate systems in one dimension.

Numerical solution of hyperbolic equations of second order in one and two space variables with

constant and variable coefficients-explicit and implicit methods. ADI methods. Difference schemes for

first order equations.

Numerical solutions of elliptic equations, approximations of Laplace and biharmonic operators.

Solutions of Dirichlet, Neumann and mixed type problems with Laplace and Poisson equations in

rectangular, circular and triangular regions. ADI methods.

Euler-Ostrogradsky PDE. Galerkin and Kantorovich variational methods for Laplace and Poisson

equations. Finite element methods for Laplace, Poisson, heat flow and wave equations.
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Page 18

References:

1. M. K. Jain, S. R. K. Iyenger and R. K. Jain, Computational Methods for Partial Differential

Equations, Wiley Eastern, 1994.

2. M. K. Jain, Numerical Solution of Differential Equations, 2nd edition, Wiley Eastern.

3. S. S. Sastry, Introductory Methods of Numerical Analysis, , Prentice-Hall of India, 2002.

4. D. V. Griffiths and I. M. Smith, Numerical Methods of Engineers, Oxford University Press,

1993.

5. C. F. General and P. O. Wheatley, Applied Numerical Analysis, Addison- Wesley, 1998.

6. K. J. Bathe and E. L. Wilson, Numerical Methods in Finite Element Analysis, , Prentice-HalI,

1987.

7. A. S. Gupta, Text Book on Calculas of Variation, Prentice-Hall of India, 2002.

8. Naveen Kumar, An Elementary Course on Variational Problems in Calculus, Narosa, 2004.

Paper V/VI – Automata and Formal Languages (Minor Elective)

Alphabets and Languages: Alphabets, words, and languages. Operations on strings and languages.

Regular Languages and Automata: Regular languages and regular expressions. Deterministic finite

automata. DFAs and languages. Nondeterministic finite automata. Equivalence of NFA and DFA. ε-

Transitions. Minimization and equivalence of finite automata. Finite automata with outputs. Moore and

Mealy machines. Finite automata and regular expressions. Properties of regular languages. Pumping

lemma.

Context-free Languages: Grammars. Regular grammars. Regular grammars and regular languages.

Context-free grammars. Derivation or parse tree and ambiguity. Simplifying context-free grammars. The

Chomsky normal form. Properties of context-free languages. Pumping lemma for context-free

languages. The CYK algorithm. Pushdown automata. Pushdown automata and context-free languages.

Greibach normal forms.

Turing Machines: Basic definitions. Turing machines as language acceptors. Modifications to Turing

machines. Universal Turing machines.

Turing Machines and Languages: Languages accepted by Turing machines. Regular, context-free,

recursive, and recursively enumerable languages. Unrestricted grammars and recursively enumerable

languages. Context-sensitive languages and the Chomsky hierarchy.
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Decidability: Turing machine halting problem. Post’s correspondence problem. Undecidability and

context-free languages.

References:

1. D. Kelly, Automata and Formal Languages: An Introduction, Prentice-Hall, 1995.

2. J. E. Hopcroft, R. Motwani, and J.D. Ullman, Introduction to Automata, Languages, and

Computation (2nd edition), Pearson Edition, 2001.

3. P. Linz, An Introduction to Formal Languages and Automata, 3rd Edition, Narosa, 2002.

Paper V/VI - Integral Equations (Minor Elective)

(Proofs of existence theorems may be avoided. Stress should be given to the development of the theory

and its application).

Classification of integral equations of Volterra and Fredholm types. Conversion of initial and

boundary value problem into integral equations. Conversion of integral equations into differential

equations (when it is possible). Volterra and Fredholm integral operators and their iterated kernels.

Resolvent kernels and Neumann series method for solution of integral equations. Banach contraction

principle, its application in solving integral equations of second kind by the method of successive

iteration and basic existence theorems.

Abel’s integral equations and tantochrone problem.

Fredholm-alternative for Fredholm integral equation of second kind with degenerated kernels.

Use of Laplace and Fourier transforms to solve integral equations.

References:

1. R. P. Kanwal, Linear Integral Equations.

2. Harry Hochsdedt, Integral Equations.

3. Murry R. Spiegal, Laplace Transform (SCHAUM Outline Series), McGraw-Hill.

Paper V/VI – Computational Geometry (Minor Elective)

Basic Geometric Concepts: Points, lines, polygons; subdivisions; arrangements; polytopes; cell

complexes.

Geometric Searching: Fractional cascading; segment tree; interval tree, range tree, priority search tree.

Point Location: Slab method; trapezoid method; chain method; bridge chain method.
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Plane-Sweep Algorithms: Intersection of segments; intersection of rectangles; trapezoidation.

Convex Hulls: 2-dimensional convex hull; dynamic convex hull; 3 dimensional convex hull.

Proximity: Closest pair; farthest pair; Voronoi diagrams; triangulations.

Visibility: Visibility polygon, visibility of the plane from a point, visibility pairs of line segments.

Geometric Optimization: Minimum circle-cover, Euclidean minimal spanning tree, shortest path,

minimum matching.

References:

1. F. P. Preparata and M. I. Shamos, Computational Geometry, Springer, 1985.

2. S. G. Akl and K. A. Lyons, Parallel Computational Geometry, Prentice-Hall, 1993.

3. M. de Berg, M. Van Kraveld, M. Overmars, and O. Scharzkopf, Computational Geometry:

Algorithms & Applications (2nd Edition), Springer, 2000.

4. J. O.’ Rourke, Computational Geometry in C (2nd Edition), Cambridge University Press, 1998.

●
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