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Course Work for Ph. D. Mathematics Students

Every student admitted in Mathematics for the Ph. D. programme will be required to pass a course work of minimum 20 credits. The division of this 20 credits course work is in three categories. Category-A (3 credits) courses are compulsory for all Ph. D. students of faculty of science. Category-B (7-credits) courses are discipline-specific courses. Category-C (10 credits) courses are research theme- specific courses.

OUTLINE

Discipline-Specific Courses (7 credits)



Credits: 7

(Compulsory for all the research scholars)
GROUP-I

1. MTPC-01
Real and Complex Analysis



( 4 Cr.)

2. MTPC-02
Stochastic Differential Equations


( 4 Cr.)

3. MTPC-03
Analysis on Manifolds



( 4 Cr.)

4. MTPC-04
Differential Equations



( 4 Cr.)

5. MTPC-05
Functional Analysis         



( 4 Cr.)

6. MTPC-06
Numerical Methods




( 4 Cr.)


7. MTPC-07
Numerical Optimization



( 4 Cr.)

8. MTPC-08
Theory of Nonlinear Optimization


( 4 Cr.)

9. MTPC-09
Nonlinear Dynamical Systems


( 4 Cr.)

10. MTPC-10
Convection in Fluid and Porous Media

( 4 Cr.)

11. MTPC-11
Fourier Analysis and Approximation Theory
( 4 Cr.)

GROUP-II

1. MTPC-12
Operations Research




( 4 Cr.)

2. MTPC-13
Gravitation





( 4 Cr.)

3. MTPC-14
Structures on Differentiable Manifolds

( 4 Cr.)

4. MTPC-15
Advanced Topology




( 4 Cr.)

5. MTPC-16
Numerical Solution of Partial Differential Equations( 4 Cr.)

6. MTPC-17
Integral Equations




( 4 Cr.)

7. MTPC-18
Fuzzy Sets and Applications


( 3 Cr.)

8. MTPC-19
Wavelets





( 4 Cr.)

9. MTPC-20
Bio-Mechanics




( 3 Cr.)

10. MTPC-21
Module Theory




( 3 Cr.)

A. Research theme-specific courses (10 credits)




MTPR-01
Engineering Hydrology


(4 cr.)

MTPR-02
Computational Fluid Dynamics

(4 cr.)

MTPR-03
Magnetohydrodynamics


(4 cr.)


MTPR-04
Time Series Analysis



(4 cr.)


MTPR-05
Fuzzy Optimization and Decision Making
(4 cr.)

MTPR-06
Category Theory                                           (4 cr.)


MTPR-07
Fuzzy Topology                                             (4 cr.) 


MTPR-08
Cosmology-I




(4 cr.)


MTPR-09
Cosmology-II                                                 (4 cr.)


MTPR-10
Boundary Layer Theory                               (4 cr.)


MTPR-11
Thermal Instabilities and Methods             (4 cr.)


MTPR-12
Advanced Numerical Analysis                     (4 cr.)


MTPR-13
Advanced Ring and Module Theory           (4 cr.)


MTPR-14
Calculus in Banach Spaces                           (4 cr.)


MTPR-15
Optimization and Non-smooth Analysis     (4 cr.)


MTPR-16
Operator Theory                                           (4 cr.)


MTPR-17
Banach Algebra                                             (4 cr.)


MTPR-18
Summability Theory                                     (4 cr.)


MTPR-19      Approximation of Functions by 

 (4 cr.)

                              Summability Operators


MTPR-20      Concept of Epidemiology & its Appls.        (4 cr.)


Compulsory for all the Research Scholars 


MTPR-21 
Preparation and Presentation of the 




Research Plan Proposal


(2 cr.)

COURSE CONTENTS

Discipline Specific Courses
MTPC-01
 Real  and Complex Analysis



( 4 cr. )

Real Analysis: Infinite product and its convergence, uniform convergence of infinite product, double series, double series of positive reals and its convergence, double series of complex numbers and Blaschke product, Gamma function and its asymptotic behaviour, repeated integrals, Weiestrass approximation theorem

Complex Analysis: Elementary properties of analytic functions and complex integration, Meromorphic functions, poisson integral, Jenson’s theorem, Carleman’s theorem, Littlewood’s theorem, singularities, Riemann surfaces and properties, Riemann zeta function, Riemann hypothesis, Hadamard’s theorems, conformal mappings, Riemann mapping theorem, Dirichlet’s series.

Suggested readings :

1. Aliprantis C.D.,Principle of Real Analysis(third Edition); Academic Press, 1998.

2. Conway J.B. ,Functions of one Complex Variables, Springer/  Narosa, New Delhi.

3. Hewitt E. and Stromberg  K., Real and Abstract Analysis,  Springer, 1975.

MTPC-02
 Stochastic  Differential Equations (SDEs)
  ( 4 cr. )
Stochastic analogs of differential equations; filtering process; stochastic approach to deterministic boundary value problem; stochastic control.

Probability spaces, random variables and stochastic processes, Brownian motion, white noise, conditional expectations.

Itô integral: construction, properties, extensions; one- and multi-dimensional Itô formulae, the Martingale representation.

SDEs, examples and some solution methods of linear SDEs, important models.

Diffusions, Markov properties, Generator of an Itô diffusion, characteristic operator, Martingale problem.

Combined Dirichlet-Poisson problem, Dirichlet problem, Poisson problem.

Hamilton–Jacobi–Bellman equation (stochastic control), stochastic control problems with terminal conditions.

Suggested readings :

1. Bernt Øksendal, Stochastic Differential Equations, An Introduction with Applications, Springer, 2006

2. Kazimierz Sobczyk, Stochastic Differential Equations (with Applications to Physics and Engineering), Kluwer, 2001

3. H Kunita, Stochastic Flows and Stochastic Differential Equations, Cambridge Univ. Press, 1997.

4. Javier R Movellan, Tutorial On Stochastic Differential Equations, MP Lab Tutorials Version 6.1, 2006

5. An Introduction To Stochastic Differential Equations – Version 1.2,  Lawrence C Evans, Univ Of Burkley.

6. K D Elworthy, Stochastic Differential Equations On Manifolds, Cambridge Univ. Press, 1982

7. L W Gelhar, Stochastic Sub-surface Hydrology, Prentice Hall, 1992

MTPC-03
 Analysis on Manifolds



(4 cr.)
Functions on Euclidean spaces, continuity, differentiability; partial and directional derivatives, chain rule, inverse function theorem, implicit function, Riemann integral of real-valued functions on Euclidean spaces, Fubini’s theorem, partition of unity, change of variables.

Integration on chains, tensors, differential forms, Poincare lemma, singular chains, Stoke’s theorem for integrals of differential forms on chains(general version), fundamental theorem of calculus.

Differential manifolds( as subspaces of Euclidean spaces), differential functions on manifolds, tangent spaces, vector fields, differential forms on manifolds, orientations, integration on manifolds, Stoke’s theorem on manifolds.

Suggested readings :

1. M.Spivak, Calculus on Manifolds, Addison-Wesley, 1965.

2. J.R. Munkers , Analysis on Manifolds,  Addison-Wesley, 1991.

MTPC -04
Differential Equations



(4 cr. )
Existence and uniqueness of initial value problems, Picard’s theorem. Analytical solutions of non-linear differential equations by asymptotic methods: variational approaches, parameter expanding methods, parameterized perturbation method, iteration perturbation method, homotopy methods. Greens function and boundary value problems.

First order PDE: method of characteristics, wave equation, weak solutions, system of PDE.

Linear PDE: dimensional analysis and self similarity, regular and singular perturbation, asymptotic and complete solution.

Non-linear PDE: conversion of non-linear PDE into linear PDE, some exactly solvable cases, Burger’s equation, singular perturbation: boundary layer idea, shallow water theory.

Suggested readings :

1. 
 V. Lakshmikantham and V. Raghavendra , A text Book of Ordinary Differential Equations, Tata McGraw Hill,1997.

2. 
A.H. Nayfeh, Introduction to Perturbation methods, John Wiley ,1981.

3. 
F. Verhulst, Non-linear Differential Equations and Dynamical Systems, Springer, 1990.

4.  
P.Prasad and R .Ravindran, Partial Differential Equations, Wiley Eastern, 1985.

5. 
W.E. Williams, Partial Differential Equations, Oxford Univ. Press, 1980.

6. 
R.R. Garabedian, Partial Differential Equations, Wiley, 1984.

7. 
J. Kevorkian, Partial Differential Equations: analytical solution techniques, Springer , 2000.

8. 
H. Levine, Partial differential Equations, Amer. Math. Soc. Intl. Press , 1997.

9.  G. I. Barenblatt, Scaling, Self-similarity and intermediate asymptotics, Cambridge Univ. Press, 1997.

10. L. Debnath, Non-linear Partial Differential Equations for Scientists and engineers, Birkhauser, 1997.

MTPC-05
Functional Analysis


(4 cr. )
Topological Groups: Basic definition and properties.

Topological Vector Spaces: Basic definitions, Minkowski functional, separating family of seminorms, quotient spaces, metrizability, normability and spaces  C((),( ((), DK, Lp, ,0<p<1., Milking Baire’s category theorem: Banach-Steinhaus, open mapping and closed graph theorems, Han-Banach theorems, convex hull, weak topologies, Banach-alaogu and Krein-Milman theorems, vector-valued integration, second dual, adjoint of an operator, closed range theorem, compact operators.

Applications to Krein-Milman theorem, Grothendeik theorem, Bishop’s generalization of Stone_weiestrass theorem, Bishop’s interpolation theorem, fixed point theorems, Bonsall’s theorem on sums of Poisson kernels.

Suggested readings :

1. W. Rudin, Functional Analysis,( 2nd edition) Tata McGraw-Hill, 1991.

2. W.Rudin, Real and Complex Analysis(3rd edition), Tata Mcgraw-Hill, 1993.

3. F.Treves, Topological Vector Spaces, Distributions and Kernels, Academic Press 1967.

4. L.H. Loomis, an Introduction to abstract Harmonic Analysis, Van-Nostrand, 1953.

5. A. Browder, An Introction to functional Algebra, Benjamin.

MTPC-06
Numerical Methods
( 4 credits:  3 cr.  theo. + 1 cr. prct. )
Finite Difference Methods for elliptic, parabolic and hyperbolic problems, Stability , consistency and convergence of finite difference schemes.

Finite Element Analysis, integral formulations and variational methods, finite element discretization of continuum, shape functions, element matrices. Finite element Method for boundary value problems of ordinary and partial differential equations.

Introduction to  Finite Volume Method and its application to solve boundary value problems.

Practicals: Practicals on numerical computation of the problems based on the above methods using a programming language or software.

Suggested readings :

1. A. Tveito, R. wintther, Introduction to Partial Differential Equations: A computational Approach, Springer 1998.

2. A. Quarteroni, A. Valli, Numerical Approximation of Partial Equations, Springer, 1997.

3. M.K. Jain, S.R.K. Iyengar, R.K.Jain,  Computational Methods for Partial Differential Equations, Wiley Eastern, 1994.

4. J.N. Reddy, An Introduction to the Finite Element Method, McGraw Hill Inc.

5. Daryl L. Logan, A First course in the Finite Element Method, Cengage Learnin , 2007.
MTPC-07
Numerical Optimization   ( 4 credits:  3 cr theo. + 1 cr. prct. )
Theory:

Non-linear optimization: Constrained and unconstrained optimization techniques, some direct search and indirect search methods.

Stochastic programming: uncertainty and modelling, probabilistic spaces and random variables, probabilistic programming basic properties, theory and solution methods, relationship with other decision making models.

Generalized convex functions, linear and nonlinear fractional programming: theory and computational methods. Multi-objective optimization: theory and computational methods.

Evolutionary methods and global optimization: genetic algorithm simulated annealing. Neural network based optimization. Decision making in fuzzy environment, Fuzzy optimization: theory and computational methods. Comparative study of probabilistic, possibilistic and fuzzy programming by case study.

Practicals: Practicals on numerical computation of the problems based on the above optimization methods using a programming language or optimization software.

Suggested readings :

1. J. Nocedal, S.J. Wright, Numerical Optimization, Springer 1999.

2. R. Fletcher, Practical Methods of Optimization, John Wiley 1980.

3. P. Kall, Stochastic Linear Programming, Springer 1976.

4. John R. Birge, Francois Louveaux, Introduction to Stochastic Programming, Springer 1997.

5. B.D. Craven, Fractional Programming, Heldermann Verlage 1988.

6. Charnes A, Cooper W.W, Mathematical Models and Industrial Applications of Linear Programming, Vol. 1 & Vol 2, Wiley NY 1961.

7. Kendel A, Fuzzy Mathematical Techniques with Applications, Addison Wisely 1986.

8.  M.J. Schniederjans, Goal Programming: Methodology and Applications, Kluwer Academic Publ.1995.

9. Y.J. Lai , C.L.Hwang, Fuzzy Mathematical Programming: Methods and Applications, Springer-Verlog 1995.

10. Y.J. Lai , C.L.Hwang, Fuzzy Multiple Objective Decision Making: Methods and Applications, Springer-Verlog 1994.

11. D.E. Goldberg, Genetic Algorithm in Search, Optimization and Machine Learning, Pearson 2004.

12.  L. Fausett, Fundamentals of Neural Networks, Pearson 2005.

MTPC-08
Theory of Nonlinear Optimization 



(4 cr. )
Introduction and Problem Formulation, Existence Theorems for Minimal Points: Problem Formulation, Existence Theorems, Set of Minimal Points, Application to Approximation Problems, Application to Optimal Control Problems 

Generalized Derivatives : Directional Derivative, Gateaux and Frechet Derivatives , Subdifferential , Quasidifferential, Clarke Derivative. 

Tangent Cones: Definition and Properties, Optimality Conditions, A Lyusternik Theorem. 

Generalized Lagrange Multiplier Rule : Problem Formulation, Necessary Optimality Conditions, Sufficient Optimality Conditions, Application to Optimal Control Problems. 

Duality: Problem Formulation, Duality Theorems, Saddle Point Theorems, Linear Problems, Application to Approximation Problems. 

Some Special Optimization Problems: Linear Quadratic Optimal Control Problems, Time Minimal Control Problems. 

Suggested readings :

1. Johannes Jahn, Introduction to the Theory of Nonlinear Optimization, Third Edition,  

    Springer, 2007. 

2. V. Barbu and T. Precupanu, Convexity and Optimization in Banach Spaces, Editura 

    Acad. Bucaresti 1986. 

3. J. Jahn, Vector Optimization - Theory, Applications, and Extensions, Springer, 2004. 

MTPC-09
Nonlinear Dynamical Systems     


  (4 cr. )
Picard's theorem, Boundedness of solutions, Omega limit points of bounded trajectories. Stability via Lyapunov's direct method, Converse Lyapunov's theorems, Brokett's theorem, Applications to control system; Stable and unstable manifolds of equilibria, Stable manifold theorem, Hartman-Grobman theorem, Examples and applications, Center manifold theorem, Normal form theory, Examples and applications to nonlinear systems and control; Poincare map, and stability theorems for periodic orbits; Bifurcation theory, forward bifurcation, backward bifurcation, Hopf – bifurcation,  Examples and applications.

Suggested readings :
1. Lawrence Perko, Differential equations and dynamical systems, Springer-Verlag, 2001.

2. F. Verhulst, Non-linear differential equations and Dynamical Systems, Springer-Verlag, 2001.

3. Hassard et. al., Theory and Applications of Hopf Bifurcation, London Mathematical Society Lecture Note Sereis. 41, Cambridge University Press.

MTPC-10
Convection in Fluid and Porous Media       
(4 cr. )

Fundamentals of hydrodynamic stability, Rayleigh-Benard convection, concepts of porous medium, Darcy’s law, Brinkman equation, equations for conservation of mass, momentum and energy in fluid and porous medium. Boussinesq approximations, boundary conditions, normal modes, cell patterns, heat and mass transfer in fluid and porous medium. convection under rotation. magnetic field and solute gradient. nonlinear stability. Introduction to nanofluids, ferrofluids and polar fluids.

Suggested readings :

1. D.A. Nield , A. Bejan, Convection in porous medium, springer, 2006.

2. P.G. Drazin, W.H. Reid, Hydrodynamic stability, Cambridge Uni. Press, 1982.

3. S. Chandrasekhar, Hydrodynamic and Hydrmagnetic stability, Oxford Univ. Press, 1981.

MTPC-11 Fourier Analysis and Approximation theory       
(4 cr. )

Convergence problem, Dirichlet’s integral, nth partial sum of Fourier series and its conjugate series, Riemann-Lebesgue theorem, convergence tests, Dini’s test, Jordan’s test, de la Vallee-Poussin’s test, relation between the tests of Dini’ Jordan and de la Vallee-Poussinn tests, Summation of series by arithmetic means, Summability of Fourier series, Fejer’s theorem, Weierstrass’s approximation theorem, almost everywhere summability, Fejer-Lebesgue theorem, a continuous function with a divergent Fourier series, order of partial sums, integration of Fourier series, an example of convergent trigonometric  sries which is not Fourier series, Parseval’s theorem for continuous functions.

Function of class L2; Bessel’s inequality, Parseval’s theorem for functions of class L2, the Riesz-Fischer theorem, properties of Fourier coefficients, uniqueness of trigonometric series, Cantor’s lemma, Riemann’s first and second theorems.

Approximation of functions by trigonometric polynomials, Best approximation, functions of  Lip ( , Lip((, r) and Lip(((t),r) classes , degree of approximation of functions by (C,1), (E,1), (C,1)(E,1), ( N, pn) means of their Fourier Series.

Suggested readings :
1.   E.C. Titchmarsh,Theory of Functions, ( second edition) Oxford Univ. Press.

2.   A. Zygmund, Trigonometric Series Vol 1 & Vol 2. , Cambridge Univ. Press.

3.   H.Hardy, Divergent Series, Oxford Clarendon Press.

4.   Rath, S. Nanda, Sequence, Summability and Fourier Analysis, Narosa Publ.

5.   De Boor, Approximation Theory, American Math. Soc. 1986.

6.  .W. Cheney, Introduction to Approximation Theory, American Math. Soc.

MTPC-12
Operations Research



( 4 Cr.)

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

Basic Concept of Multi Objective and Multi Level Optimization.

Integer Programming, Mixed Integer Programming. Linear Fractional Programming. Goal Programming. Sensitivity Analysis and System Reliability.

Geometric Programming: Constrained and Unconstrained Minimization Problems.

Dynamic Programming: Deterministic and Probabilistic dynamic programming. 

Stochastic Programming: Stochastic Linear and Stochastic Non linear Programming.

Netwok Schedulig by PERT/CPM.
Suggested readings :

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. 

MTPC-13 
Gravitation





( 4 Cr.)

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. 

Suggested readings :

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. 

MTPC-14

Structures on Differentiable Manifolds

( 4 Cr.)

Almost Hermite Manifolds : Definitions. Almost analytic vector fields, curvature tensor, linear connections, almost quaternion metric structure, submanifolds. F-connections. 

Kahler Manifolds : Definition, curvature tensor, affine connections. Projective, conformal, concircular, conharmonic and Bochner curvature tensors. Contravariant almost analytic vectors, submanifolds, quaternion Kahler manifold. 

Nearly Kahler Manifold : Definitions, certain properties, curvature identities, almost analytic vectors, immersions. 

Almost Kahler Manifolds : Definitions, some properties, analytic vectors, conformal transformations, curvature identities, immersions. 

Quasi-Kahler, Semi-Kahler Manifolds: Definitions, curvature identities, properties and immersion in a quasi-Kahler manifold. 

Suggested readings : 

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. 

MTPC-15
Advanced Topology




( 4 Cr.)

The Stone-Cech compactification. Paracompact spaces, their properties and characterizations. Metrizable spaces and  Metrization theorems. Uniform spaces, Weak uniformity, Uniformizabilty. Completion of uniform spaces. 

Function spaces. Point-wise and uniform convergence.The compact open Topology. The Stone-Weierstrass theorem.

Suggested readings :

1 S. Willard, General Topology, Addison Wesley, 1970.
2 S.W.Davis, Topology, Tata McGraw Hill, 2006.
MTPC-16

Numerical Solution of Partial Differential Equations (4Cr. (3+1))

Numerical solutions of parabolic PDE in one space:  two and three levels explicit and implicit difference schemes. Convergence and stability analysis.

Numerical solution of parabolic PDE of second order in two space dimension: implicit methods, alternating direction implicit (ADI) methods. Non linear initial BVP. 

Difference schemes for parabolic PDE in spherical and cylindrical coordinate systems in one dimension. 

Numerical solution of hyperbolic PDE in one and two space dimension: explicit and implicit schemes. ADI methods. Difference schemes for first order equations. 

Numerical solutions of elliptic equations, approximations of Laplace and biharmonic operators. Solutions of Dirichlet, Neuman and mixed type problems. 

Finite element method: Linear, triangular elements and rectangular elements.

Practicals  based on the above contents.

Suggested readings : 

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.

MTPC-17

Integral Equations




( 4 Cr.)

Classification. Modeling of problems as integral equations. Conversion of initial and boundary value problem into integral equations. Conversion of integral equations into differential equations. Volterra integral equations and their numerical solutions. Greens function for Fredholm Integral equations. Fredholm integral equations: Degenerate kernels, symmetric kernels. Fredholm Integral equation of second kind. Numerical Solution of Fredholm Integral equations. 

Existence of the solutions: Basic fixed point theorems.

Integral equations and transformations: Fourier, Laplace and Hilbert transformation.

Suggested readings :

1. Abdul J. Jerry, Introduction to Integral Equations with applications, Marcel Dekkar Inc. NY.

2. L.G.Chambers, Integral Equations: A short Course, Int. Text Book Company Ltd. 1976,

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

4. Harry Hochsdedt, Integral Equations.

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

MTPC-18

Fuzzy Sets and Applications


( 3 Cr.)

Basic Concepts of Fuzzy Sets and Fuzzy Logic:Motivation. Fuzzy sets and their representations. Membership functions and their designing. Types of Fuzzy sets.Operations on 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:Composition of fuzzy relations. Fuzzy numbers. Arithmetic operations on fuzzy numbers. 

Fuzzy reasoning 

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). Fuzzy Implications and Approximate Reasoning:
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.

Decision making in Fuzzy environment: Fuzzy Decisions, Fuzzy Linear programming, Fuzzy Multi criteria analysis, Multiobjective decision making.

Fuzzy databases and queries: Introduction, Fuzzy relational databases, Fuzzy queries in crisp databases.
Suggested readings :

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.
3. H.J. Zimmermann, Fuzzy Set theory and its applications, Kluwer Academic Publ, 2001.
MTPC-19

Wavelets





( 4 Cr.)

Fourier Analysis: Fourier and inverse Fourier transforms, Convolution and delta function, Fourier transform of Square integrable functions. Fourier series, Basic Convergence Theory and Poisson’s Summation formula.

Wavelet Transforms and Time Frequency Analysis: The Gabor Transform. Short-time Fourier transforms and the uncertainity principle. The integral wavelet transforms Dyadic wavelets and inversions. Frames. Wavelet Series.

Scaling Functions and Wavelets: Multi resolution analysis, scaling functions with finite two scale relations. Direct sum decomposition of L2(R) . Linear phase filtering, Compactly supported wavelets, Wavelets and their duals, Orthogonal Wavelets and Wavelet packets, Example of orthogonal Wavelets. Identification of orthogonal two-scale symbols, Construction of Compactly supported orthogonal wavelets, Orthogonal wavelet packets, orthogonal decomposition of wavelet series.

Suggested readings :

1. C.K.Chui, A first course in wavelets, Academic press NY 1996.

2. I. Daubechies, Ten lectures in wavelets, Society for Industrial and Applied Maths, 1992.

MTPC-20

Bio-Mechanics




( 3 Cr.)

External Flow: Fluid Dynamic forces acting on moving bodies. Flying and swimming. Blood flow in Heart, Lung, arteries and veins. Micro and Macro Circulation. Respiratory gas flow. The Laws of Thermo dynamics. Molecular diffusion. Mechanism in Membrances and Multiphasic structure.

Mass transport in Capillaries, Tissues, Interistitial spaces. Lymphatics, Indicator dilution method and Peristlsis.

Suggested readings :

1 Y.C.Fung, Bio Mechanics, Springer Verlag, NY 1990.

2 S.I. Rubinow, Introduction to Mathematical Biology, John Wiley, 1975.
3 Riccilardi, Biomathematics and Related Computational Problems, Kluwer Publ. 1988.
4 J. Keener, J. Sneyol, Mathematical Physiology, Springer, 2001
5 J.N.Kapoor, Mathematical Models in Biology and Medicine, EWP New Delhi, 1992.
     MTPC-21

Module Theory




( 3 Cr.)


Modules. Linear mapping. Transpose of a module, Homomorphism. Bimodules, Bilinear maps. Tensor product of modules. Exact and split-exact sequences. Small and essential submodules and their properties. Free modules, Projective modules, projective covers. Injective   modules and injective envelopes. 

     Suggested readings :

1 F.W.Anderson and K. R. Fuller, Rings and Categories of Modules.  Springer, Verlag.

2 J. Lambek, Lectures on Rings and Modules, Blaisdell Publ. Co.

3 J.S. Golan, Modules and Structures of Rings, Marcel Dekkar Inc.
Research theme-specific courses

MTPR-01
 Engineering Hydrology



(4 cr.)
Fick’s laws of Diffusion; Advection – diffusion equation (ADE) in different coordinate systems. Its application: solute transport in air, soil and water. Cells migration. Initial and boundary value problems.

Different methods to solve ADE: Integral transforms; Aris moment method; Purturbation method; Super imposition method; Generalized integral Laplace transformation technique supported by matrix-diagonalization;  Advection diffusion multilayer method; Finite difference methods.

Inverse dispersion problems; the point dilution theory; determination of diffusion coefficient on isotropic diffusion operator with constant coefficients and variable coefficients; isotropic and anisotropic diffusion operator.

Ground water flow; Darcy law, generalized Darcy law; Equations of confined and unconfined ground water flow; steady flow into a well; unsteady flow in a confined aquifer.

Forms of sub – surface water; aquifer properties; compressibility of aquifers.

Ground water pollution; origins and physical characteristics; technical studies of ground water pollution; canonical rectangular bi-dimensional monolayer and multilayer models of pollution.

Suggested readings :

1. Ground Water Hydrology, D K Todd, John Wiley, 1980

2. Hydrogeodynamics, I K gavich, A.A. Balkema, 1997

3. Engineering Hydrology, E M Wilson, MacMillan, 1990

4. Engineering Hydrology, K Subramanya, TMH, 2006

5. Ground Water Pollution (Theory, Methodology, Modeling, Practical Rules), J J Fried, Elsevier, 1990.

MTPR-02
Computational Fluid Dynamics


(4 cr.) 

( Course comprise of 60% theory and 40% practicals)

Finite difference method: Implicit method for pipe and starting flow in a channel, Solution of Bihormonic equation.

Finite volume method: Solution of first and second order ordinary differential equations and Laplace equation.

Finite element method: Linear and quadratic interpolation, Two-dimensional interpolation, Application to diffusion equation and viscous flow in a rectangular duct.

Grid generation: Grid generation by conformal mapping, algebraic mapping and solution of elliptic partial differential equations, application to transport equations in non-rectangular cavity.

Panel method: Panel method for inviscous incompressible and compressible flows, Moretti λ- scheme, computation of strong shocks.

Practicals: Practicals on numerical computation of the problems based on the above methods using a programming language or software.

Suggested readings :

1. Chuen-Yen Chow, An Introduction to Computational Fluid Mechanics, John Wiley & Sons, New York, 1 979.

2. Clive  A.  J. Fletcher, Computational Techniques for Fluid dynamics, Vol. 1 and 2, Springer-Verlag Berlin Heidelberg New York, 2nd Edition, 2003. 

3. T. K. Bose, Numerical Fluid Dynamics, Narosa Publishing House, New Delhi, 1997.

4. Frederick S. Sherman,  Viscous Flow, McGraw-Hill Publishing Company, New York, 1990.

MTPR-03

Magnetohydrodynamics



(4 cr.)


Basic concepts of Magnetohydrodynamics and its applicatons, Maxwell’s equations, Frame of reference, Lorentz force, Electromagnetic body force, Fundamental equations of MHD, Ohm’s law for a moving conductor, Hall current, Conduction current, Kinematic aspect of MHD, Magnetic Reynolds number, MHD waves: alfven’s waves, Mhd waves in compressible fluid, MHD approximations, Electromagnetic boundary conditions, One dimensional MHD flow, Hartmann flow, MHD Couette flow, MHD Stoke’s flow, MHD Rayleigh’s flow, Hartmann-Stoke’s boundary layer, Alfven’s boundary layer, Two  dimensional MHD flow (a) Aligned flow (b) Stagnation point flow, MHD flows in a rotating medium, Effects of Hall current on MHD flows in a rotating channel, MHD heat transfer.

Suggested readings :

1. T.G.Cowling, Magnetohydrodynamics, Interscience Publishers New York, 1957.

2. J.A. Shercliff, A Text Book of Magnetohydrodynamics,  Pergamon Press, Oxford, 1965.

3. S.I. Pai, Magnetohydrodynamics and Plasma Dynamics, Springer Verlag, New York, 1962.

4. K. R. Cramer and S. I. Pai, Magnetofluid Dynamics for Engineers and Applied Physicists, McGraw Hill, New York, 1973.

MTPR-04

Time Series Analysis




(4 cr.)


( Course comprise of 60% theory and 40% practicals)

Stochastic models and their forecasting: Time series and stochastic process. linear stationary models: Autoregressive process and Moving Average process. linear nonstationary models; Integrated Moving Average process, ARIMA process, forecasting, outlier analysis for time series.

Fuzzy Time series: Fuzzy clustering, fuzzy regression, Theory and implementation of time variant and time invariant models, fuzzy ARIMA models, Neurofuzzy models. Analysis of financial time series and case study.

Practicals: Practicals on numerical computation of the problems based on the above methods using a programming language or software.

Suggested readings :

1. G.E.P.Box, G.M. Jenkins, G.C. Reinsel, Time series analysis: forecasting and control, Pearson 2003.

2. F. Hopper, F. Klawonn, R. Krause, R. Rankler, Fuzzy cluster analysis, John Wiley & Sons 1999.

3. R.S. Tsay, Analysis of Financial Time series, John Wiley & Sons 2002.

4. J.S. Armstrong, Principle of forecasting, Kluwer Academic Publ. 2001.

MTPR-05
Fuzzy Optimization and Decision Making


(4 cr.)



( Course comprise of 60% theory and 40% practicals)

Fuzzy sets and fuzzy logic, fuzzy relations, fuzzy equations, fuzzy regression, fuzzy data analysis, basic theory of optimization and optimization in fuzzy environment, fuzzy mathematical programming, fuzzy linear programming, fuzzy multi objective programming. Fuzzy transportation problem, portfolio selection using fuzzy decision theory, multicriteria optimization. Goal programming and fuzzy goal programming, geometric programming, fractional programming in fuzzy environment. Stochastic verses fuzzy approaches to multiobjective mathematical programming. Sensitivity analysis and case study.

Practicals: Practicals on numerical computation of the problems based on the above methods using a programming language or software.

Suggested readings :

1. J.L.Cohan, Multi-objective Programming and Planning , Heldermann Verlag , 1988.

2. M. Sakawa, Fuzzy Sets and Interactive Multiobjective Optimization, Plenum Press, 1993.

3. John R. Birge, Francois Louveaux, Introduction to Stochastic Programming, Springer 1997.

4. E.B. Bajalinov, Linear Fractional Programming, Kluwer Acad. Publ., 2003.

5. Charnes A, Cooper W.W, Mathematical Models and Industrial Applications of Linear Programming, Vol. 1 & Vol 2, Wiley NY 1961.

6. Kendel A, Fuzzy Mathematical Techniques with Applications, Addison Wisely 1986.

7. Bing-Yuan Cao, Fuzzy Geometric Programming, Kluwer Acad. Publ., 2002. 

8. Y.J. Lai, C.L. Hwang, Fuzzy Mathematical Programming: Methods and Applications, Springer-Verlag 1995.

9. Y.J. Lai, C.L. Hwang, Fuzzy Multiple Objective Decision Making: Methods and Applications, Springer-Verlag 1994.

10. Frank K. Reilly, Keith C. Brown, Investment Analysis and Protfolio Management, South Western Publ. 2008.

MTPR-06
 Category Theory



(4 cr.)


Origin of category theory. Definition of category and examples(from algebra, topology, functional analysis, geometry, computer science). Large and small categories, categories and product categories. Monomorphis, epimorphisms and isomorphisms. duality.

Functors and covariant functors.

universal property. Yoneda lemma. Limits and colomits , special limits and colomits(products , coproducts etc.)

Adjointness, examples of adjointness, adjoints for preorders, reflective and coreflecive subcategories, equivalence of categories. Freyd’s adjoint function theorem. Adjoints in algebra, toplogy and automata theory.

Monads. Algebra for monads. Free algebra for monads. The Kleisli category. Beck’s theorem (statement only). Compact Hausdorff spaces as T-algebras.

Suggested readings :

1. S. Maclane, Categories for the Working Mathematician (2nd edition) Springer, 1997.

MTPR-07
 Fuzzy Topology




(4 cr.)

Fuzzy set theory: Basic definitions of fuzzy sets, various operations on it. Representation of fuzzy sets through α- cuts. Backward and forward operators related to functions between sets. Zadeh extension principle. Fuzzy points, belonging relations and quasi-coincidence. Some generalization of fuzzy sets including l-fuzzy sets and introductory accounts of intuitionistic fuzzy sets and rough sets.

Fuzzy topology: Definition of fuzzy topology and its various suggested modifications. Examples, particularly the fuzzy real line, the fuzzy unit interval and fuzzy Sierpinski space. Fuzzy continuity. Initial and final fuzzy topologies. Induced fuzzy topologies. Fuzzy product topology. Fuzzy separation axioms, connectedness and compactness. Fuzzy sobriety.

Categorical aspects of fuzzy topology: Basic concepts of category theory( categories, functions, special morphisms, adjoint functors and reflective & coreflective subcategories). The category FTS and fuzzy topological spaces and its being a topological category. The relation between FTS and the category TOP of topological spaces. The Lowen funtors. Some relative and coreflective subcategories of FTS and related categories. The categorical relation between fuzzy sobriety and locate theory.

Suggested readings :

1. Y.-M. Liu amd M.-K.Luo, FUZZY TOPOLOGY, World Scientific, 1997.

MTPR-08 
Cosmology-I





(4 cr.)

Friedmann-Robertson-Walker cosmological models with cosmological constant; de-Sitter model, Lemmaitre model, Eddington-Lemaitre model. Exact solution connecting radiation and matter dominated eras of the FRW models. Thermal History of the hot big-bang models.

Suggested readings :

1. Reter Coles, Francesco Lucchin, Cosmology: the Origin and Evolution of Cosmic Structure, John Wiley & Sons 2002.

2. J.A.Peacock, Cosmological Physics, Cambridge Univ. Press 2002.

3. Edward R. Harrison, Cosmology: the Science of the Universe, Cambridge Univ. Press, 2000.

4. Andrew Liddle, An Introduction to Modern Cosmology, Wiley Chichester, 2003.

MTPR-09
Cosmology-II





(4 cr.)

Problems with hot big-bang cosmology, the idea of inflation in the early universe, inflationary model of Guth, problems with Guth’s model, new inflationary model of universe. Observed acceleration of the present universe, motivation for dark energy, scalar field models of dark energy, time varying cosmological constant, Quintessence, K-essence,Tachyon scalar, chaplin gas, Phantom scalar, Big rip singularity to occur in the future universe.

Suggested readings :

1. Helge S. Kragh, Concepts of Cosmos: From Myths to the Accelerating Universe; A History of Cosmology, Oxford Univ. Press 2007.

2. Mario Lino, The Accelerating Universe, Infinite Expansion, the Cosmological Constant and the Beauty of Cosmos, Wiley NY 2000.

3. M. Longair, The Cosmic Century: A History of Astrophysics and Cosmology, Cambridge Univ. Press, 2006.

4. E.J. Copland, M. Sami, S. Tsujikawa, Dynamics of Dark Energy, Int. Jl. Mod. Phys. D,15,1753,(2006).

MTPR-10
Boundary Layer Theory  



( 4 cr.)

Derivation of Reynolds’s principal of similarity from the Nevier-Stokes equations, Frictionless flow as “Solutions” of the Nevier-Stokes equations, Nevier-Stokes equations interpreted as vorticity transport equations, Limiting cases  of very large viscosity (very small Reynolds number) and very small viscous forces (very large Reynolds number), Parallel flow through a straight channel and Couette flow, Hagen-Poiseuille theory  of the flow through a pipe, Flow between two concentric rotating cylinders,  Stokes’s first and second problems, Flow formulation in Couette motion, Flow in a pipe starting from rest , General class of non steady solutions, Stagnation in plane flow (Hiemenz flow), Two dimensional non-steady stagnation flow, Stagnation in the three dimensional flow, Flow near a rotating disk, Flow in convergent and divergent channels, Differential equations for the case of  Very slow motion, Parallel  flow past a sphere, The hydrodynamic theory of lubrication, Hele-Shaw flow, Flow past a wedge, Flow in a convergent channel, Flow past a cylinder, Two-dimensional laminar jet, Circular jet.

Suggested readings :

1. Boundary Layer Theory by H. Schlichting, McGraw-Hill Book Company, New York, 1987.

2. Frederick S. Sherman, Viscous Flow, McGraw-Hill Publishing Company, New York, 1990.

MTPR-11
Thermal Instabilities and Methods


(4 cr.)



Mechanism of instability, various types of convection instabilities; Rayleigh-Benard convection, oberbeck convection, magnetoconvection, Marangoni convection, magneto-Marangoni convection, magnetic fluid convection, electroconvection, double diffusive convection, cross diffusion convection, biconvection. Boundary conditions.

Techniques to solve linear and nonlinear instability problems; Galerkin technique, perturbation techniques involving regular and singular perturbations, truncated representation of Fourier series (finite amplitude technique), numerical techniques, moment method, energy method, power integral technique, spectral method.

Suggested readings :

1. D.A. Nield, A. Bejan, Convection in Porous Medium, Springer, 2006.

2. I.S. Shivakumara , M. Venkatachalappa, Advances in Fluid Mechanics, Vol 4, Tata McGraw-Hill, 2004.

MTPR-12
 Advanced Numerical Analysis  



( 4 cr.)



( Course comprise of 60% theory and 40%  practicals)

Nonlinear functions of several variables, Nonlinear systems: Newtons method, Secant method. System of ordinary differential equations: system of two ordinary differential equation, eulers method for systems, Runge-kutta methods for systems, Multi step methods for systems, second order ordinary differential equation. Stiffness of ordinary differential equation: Backward Euler methods, Implicit Runge-kutta methods. Stability for ordinary differential equation: A-stable and stiffly stable methods, stability in the limit. Finite difference method for solving nonlinear second order differential equation. Singular perturbation problems: introduction, asymptotic behaviour, linear problem, non-linear problem, problem with two boundary layers.

Practicals: Practicals on numerical computation of the problems based on the above methods using a programming language or software.

Suggested readings :

1. Laurene V. Fausett, Applied Numerical Analysis using MATLAB ( second ed. ) Pearson, 2009.

2. M.K.Jain, Numerical Solution of differential equation, New Age Publ. 20003.

3. adelaida B. Vasil’eva, Valentin F. Butuzov, Lenoid V. Kalachev, The boundary function method for singular perturbation problems, SIAM studies in Applied Mathematics, 1995.

MTPR-13
Advanced Ring and Module Theory  

(4 cr.)

Jacobson radical, nilpotent elements, nil idea, nil radical, prime radical.

Semi-simple rings and modules, lifting of idempotent elements.

Minimal prime ideal, primary ring, quasi regular and regular elements, regular rings and their properties.

Local rings.

Exact and split sequences.

Essential and small submodules.

Injective and projective modules.

Suggested readings :

1. D.M. Burton: A First Course in Rings and Ideals, Addison-Wesley, 1970

2. J. Lambek: Lectures on Rings and Modules, Blaisdell Publishing, 1966

3. Vivek Sahai and Vikas Bist: Algebra, Narosa Publ. House, 2003

MTPR-14
 Calculus in Banach Spaces 


( 4 cr.)

Derivatives in Banach Spaces, Basic properties of the derivatives, The gradients and differentials and their properties, Directional derivatives in Banach Spaces, Mean value theorem in Banach Spaces, Higher derivative and Leibnitz rule in Banach Spaces, The Taylor’s theorem and the inverse function theorem and the implicit function theorem. Euler’s theorem, Some other non – smooth derivatives: subgradient etc., Application of Calculus in linear and non–linear problems. 

Suggested readings :

1. Kalyan Mukherjee, Differential Calculas in Normed Linear Spaces, 

2. J.M. Ortegard, W.C. Rhgeimbaldt, Iterative Solution of Non–linear Equations in Several Variables. 

MTPR-15
Optimization and Non-Smooth Analysis 

(4 cr.) 

The course will broadly comprise of Generalized gradients, relation to derivatives and subderivatives, properties, generalized gradients of integral functionals, problems from resource economics, normality and controllability, the multiplier rules for inequality problems, Lagrange multipliers, the value functions, sets which are lipschitz epigraphs.

Suggested readings :

1. F.H. Clarke, Optimization and nonsmooth analysis, SIAM,Classics in Applied Mathematics , 1990 

MTPR-16
 Operator Theory 



(4 cr.)  

Operators on Hilbert Spaces: Elementary properties and examples, adjoint of an operator, projection and idempotents, invariant and reducing subspaces, compact operators, diagonalisation of compact self-adjoint operators, the spectral theorem and functional calculus for compact normal operators, unitary equivalence for compact normal operators.

Operators on Banach Spaces: Adjoint of a linear operator, the Banach-Stone theorem, compact operators and weakly compact operators, invariant subspaces.

The general theory of unbounded operators on Hilbert Space.

Suggested readings :

1. A Course in Functional Analysis; John B. Conway, Springer Verlag.

2. Introductory Functional Analysis; E. Kresyzig, Wiley International.

3. An Invitation to Operator Theory; C.D. Aliprantis, American Mathematical Society, 2002.

4. Functional Analysis; B.V. Limaye, New Age International, 2001.

MTPR-17
 Banach Algebra 



( 4 cr.)  

Definition and elementary properties of Banach algebras, Ideal and quotients, topological divisor of zero, the spectrum, Riesz functional calculus, dependence of spectrum on the algebra, spectral theory of compact linear operators, abelian Banach algebras, the group algebra of a locally compact abelian group, general theory of C*-algebras including the Gelfand-Naimark theorem.

Suggested readings :

1. Banach Algebras; C.E. Rickert.

2. C*-algebras and Operator Theory; G.J. Murphy; Academic Press.

3. Abstract Harmonic Analysis; Loomis, Academic Press.

4. An Invitation to C*-algebras; W.V. Arveson, Springer-Verlag.

MTPR-18
Summability Theory 

( 4 cr.) 

Special methods of summation: Nörlund means, Regularity and consistency of Nörlund means, Inclusion, Equivalence, Euler means, Regularity of (E,1) method, , Abelian means, Regularity of (A,
[image: image1.wmf]l

) method, A-method and its regularity, A Theorem of inclusion for Abelian means, Complex methods, Summability of 1-1+1-… by special Abelian Methods, A theorem of consistency,  Methods ineffective for the seris 1-1+1-… , Riesz’s Typical means.

Arithmetic means: Hölder’s means, Simple theorems concerning Hölder Summability, Cesàro means, Simple theorems concerning Cesàro summability, Cesàro and Abel summability, Cesàro means as  Nörlund means, Equivalence Theorem, Reisz’s arithmetic means, Uniformly distributed sequence, Tauberian theorems for Cesàro summability.

The Methods of Euler and Borel: The (E,q) method, Simple properties of the (E,q) method, The formal relation between Euler’s and Borel’s methods, Borel’s Methods, Normal, absolute and regular summability, Abelian Theorems for Borel’s summability. 

Suggested readings :

1. Trigomometric Series Vol.1&2, A. Zygmund:, Cambridge University Presss.

2. Divergent Serie,  Hardy G. H, Oxford Clarendon Press.

3. Fourier Analysis, Javier Duoandikoetxea, American Mathematical Society.

MTPR-19
Approximation of Functions by Summability Operators 
(4 cr.)

General Theorems:  Generalization concerning linear transformations, Regular transformations, Necessary and sufficient conditions for regularity, Variants and analogues, positive transformations, Definition of 
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 than the (C,1) means, Dilution of Series.

Trigonometric Series and Fourier series : Trigonometric series, summation by parts, Orthogonal series, The trigonometric system, Fourier-Stieltjes series, completeness of the trigonometric system, Inequalities, Hölder’s inequalities,   Fourier coefficients: Formal operators on S(f), Differentiation and integration of S(f), Formulae for partial sums of S(f) and 
[image: image7.wmf]__
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(f), summation of numerical series, General remarks about the summability of S(f) and 
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 (f) , summability of S(f) and 
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 (f) by the method of the first arithmetic mean, Abel’s summability of S(f) and 
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Class of Functions : The class 
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L

, Functions of Lipα, Lip(α, r), Lip(ξ(t),r) classes, functions of almost Lipschitz class and generalized Lipschitz class.

Degree of Approximations: Approximation to functions by trigonometric  polynomials, Best approximation, Properties of degree of approximation, Integral modulus of continuity of a function, Using matrix summability operators to approximate functions of generalized Lipschitz class by trigonometric polynomials.

Suggested readings :

1. Trigonometric Series Vol.1& 2, A. Zygmund, Cambridge University Press.

2. Divergent Series, G. H. Hardy, Oxfod Clarendon Press.

3. Trigonometric Series, N. K. Bari,  Fizmatgiz, Moskva.

4. Fourier Analysis and Approximation, P. L. Butzer and R. J. Nessel.. BirkhÄauser Verlag, Basel.

MTPR-20  Concept of Epidemiology and its Applications  
( 4 cr.)

Introduction to infectious diseases, simple epidemic models; SIS, SIR, SIRS, SEIS, MSEIR, rate of immigration, contact rate, types of interactions, types of transmission, basic reproduction number (definition and its calculation), endemic situation.

Models for spread of infectious diseases; effect of ecological factors, role of carrier and bacteria on infectious diseases.

Models involving control measures; effect of media on epidemic outbreaks, vaccination models, chemical control for bacteria and carriers.

Suggested readings :

1. J.N. Kapur,Mathematical Models  in Biology and Medicine,  East-West Press Pvt. Ltd.

2. Fred Brauer and Carlos Castillo-Chavez, Mathematical Models in Population Biology and Epidemiology, Springer.

3. R.S. Bhopal, Concepts of Epidemiology: An integrated introduction to the ideas, theories, principles and methods of epidemiology, Oxford University Press
MTPR-21
Preparation and Presentation of the Research Plan Proposal
( 2 cr. )

The topic (or topics) of the seminar(s) shall be related to the student’s area of research. The objective the course is to build good understanding of, and foundation in, the areas closely related to his/her research area. It will basically comprise of the review and/or collection of literature, the relevant material and methods, and deciding the future course of the research by the students. The concerned RPC may direct the student to give several seminar presentations in this respect. All this is expected to help the student to finalize and defend his Research Plan Proposal. 
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