Course Contents

AMC 61101: Advance Numerical Methods & Functional Analysis
                                                                                             

                                                                                                          4 – 0 - 0
Section A: Advance Numerical Methods

Solution of Tri diagonal systems, Solution of simultaneous non-linear algebraic and transcendental equations, Central difference interpolation, Numerical evaluation for double and triple integrals. Solution of integral  equations by numerical methods. Numerical solution of initial value problems. Numerical solution of linear and non linear boundary value problems, Numerical solution of elliptic partial  differential equations: Solution of Laplace and Poisson equations, Solution of mixed boundary value problems, Solution of parabolic partial differential equations: Solution of heat conduction equations in two variables by explicit and implicit methods, Solution of heat conduction equations in three variables by ADE and ADI methods, Solution of hyperbolic partial differential equations: Solution of wave equation in two variables by explicit and implicit methods. 

Section B: Functional Analysis 

Preliminaries on Banach algebras, Regular and singular elements, Spectrum and spectral radius, Radical and semi-simplicity, The Gelfand mapping, Involutions in Banach Algebras, The Gelfand-Neumark theorem, Some special commutative Banach algebras including Commutative C*-algebras and Stone-Čech compactification. 

AMC 61102: Green’s Functions & Wavelet analysis    
4 - 1- 0

Section A: Green’s Functions

The identity operator as an Integral operator, testing and symbolic functions, Derivatives of symbolic functions, Inverse of differential operator, Adjoint differential operator, symbolic operators, Green’s function and delta – functions, Green’s function if boundary conditions are uni-mixed, Non-homogenous boundary conditions, Green’s functions for general boundary conditions, Green’s function for adjoint equation, discontinuity conditions, Green’s function and spectral representation, Singularities of Green’s function, Multiple eigen functions and multiple poles of the Green’s function, Green’s function for partial differential operators, Green’s functions for wave equation, Wave propagation and scattering.

Section B: Wavelet Analysis 

Fourier Analysis: Fourier and Inverse Fourier Transforms, Continuous-Time Convolution and the Delta Function, Fourier Transform of Square Integrable Functions, Fourier Series. Basic Convergence Theory and Poisson’s Summation Formula.

Wavelet Transforms and Basic Properties: The Gabor Transform. Basic Properties of Gabor Transforms. The Integral Wavelet Transforms, Dyadic Wavelets and Inversions. Basic Properties of Wavelet Transforms. The Discrete Wavelet Transforms. Orthonormal Wavelets, Wavelet frames & Multiband, Curvelets. 
Scaling Functions and Wavelets: Definition of Multiresolution Analysis and Examples. Properties Scaling Functions and Orthonormal Wavelet Bases. Construction of Orthonormal Wavelets. Daubechies’ Wavelets and Algorithms. 

Newland’s Harmonic Wavelets: Harmonic Wavelets, Properties of Harmonic Scaling Functions, Properties of Harmonic Scaling Functions. Wavelet Expansions and Parseval’s Formula. 
AMC 61103:  Mathematical Modeling & Stochastic Processes     











4 - 1- 0
Section A: Mathematical Modeling

Deterministic and stochastic models, tools, techniques, modeling approaches. Models of single and interacting populations, prey-pradator, competition, chemostate, AIDS/HIV/ SARS. Epidemic and genetic models. Models for traffic flow, computer data communications, Stock Market, spatio-temporal pattern.  Modeling of Physical and Engineering systems-Heating and cooling systems, Henon-Heiles systems, Hydro power plant, fuel injection systems and ankle joint.   

Section B: Stochastic Processes 

Markov chains with finite and countable state space, classification of states, limiting behavior of n-step transition probabilities, stationary distribution, branching processes, Random walk, Gambler’s ruin, Markov processes in continuous time, Poisson processes, birth and death processes, Wiener process.

B: Elective Courses

AME 61104: Mechanics of Solids and Wave Propagation
4 - 1- 0
Section A: Elasticity

Stress and strain analysis, Mohr’s circle diagram, Principal Stress and strains, Stress and strain relations, Generalized Hook’s law, strain energy density function, Differential Equations of equilibrium, Equations of equilibrium in cylindrical coordinates, Theory of failure, Mohr’s theory of failure, Ideally plastic solid, Stress space and Strain space, Yield surfaces of Tresca and Von Mises, Saint Venant- Von Mises equation, Work done by forces and elastic strain energy stored, Theorem of virtual work, Castigliano’s theorem, Maxwell-Mohr integrals, inelastic behavior of solid, Plastic, Visco-elastic, Kelvin or Voigt materials. 

Section B: Wave Propagation

Order symbols, Asymptotic series, Asymptotic expansion of incomplete gamma function, Fresnel  and allied integrals, Exponential integrals, method of stationary phase, Laplace method, method of steepest descent. Wave motion in elastic media in different coordinate systems, elastic waves in unbounded  media, Propagation of Rayleigh waves, Love waves and Stonely waves, Polarization of waves, propagation of waves from a source, Reflection and refraction  of waves at an interface, Propagation of shock waves in an incompressible fluid.

AME 61105: Fluid Dynamics





4 - 1- 0

Fundamental equation of the flow of viscous compressible and incompressible fluids: The equation of continuity, equations of motion ( Navier-Stokes equations), Energy equation and equation of state.

Laminar Flow of viscous incompressible fluid.

Similarity of flows, the Reynolds number, Flow between two concentric rotatory  cylinders, Unsteady motion of a flat plate (i) Rayleigh’s problem (ii) Stokes first and second problems,.

Laminar Boundary Layer

Boundary layer concept, The boundary layer equations in two dimensional flow, Boundary layer along a flat plate, Blasius solution, Skin friction and boundary layer thickness, Similar solutions of the boundary layer equations, The momentum and energy integral equations for the boundary layer flow, Essential features of Karman-Pohlhausen method, Stagnation point flow (i) Two-dimensional stagnation flow (ii) Three dimensional stagnation flow, Flow due to a rotating disk, Flow in a rotating medium.

 Heat transfer: Forced convection, Free convection and Combined free and forced convection.
AME 61106:  Magneto-hydrodynamics




4 - 1- 0

Basic concepts of Magneto-hydrodynamics and its applications, Maxwell’s relations, Frame of reference, Lorenze  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, Alfven’s theorem, Ferraro’s law of Isorotation, MHD waves,  Alfven’s waves, MHD waves in a compressible fluids, Equi-partition of Energy, Dissipative effects, Electromagnetic boundary conditions, One dimensional MHD flow: Hartmann flow, MHD Couette flow, MHD Stokes flow, MHD Rayleigh’s flow, Hartmann-Stokes boundary layer, Alfven’s boundary layer, Two-dimensional MHD flow (a) Aligned flow (b) Stagnation point flow.

MHD flow in a rotating medium (a) MHD flow past a flat plate in a rotating medium with or without Hall current (b) Steady hydromagnetic flow in a rotating channel (c) Unsteady hydromagnetic flow in rotating channel (d) Effects of Hall currant on MHD flow in a rotating channel (e) Ekman- Hartmann boundary layer, MHD heat transfer,

AME 61107: Advance Sampling Theory



4 - 1- 0

Concept of sampling design and strategies, Fixed population versus super-population approach. Sampling with varying probabilities, Horvitz-Thompson estimator, Ordered and unordered estimators, Midzuno system of sampling. Use of Auxiliary information at estimation stage. Study of ratio and product estimators under super-population model, Factor-type estimator, Dual to ratio estimator, Interpenetrating sub-samples design & Jack-knife technique to construct unbiased estimators. Chain-type estimators in two-phase sampling. Successive Sampling. Estimation of variance. Simmons unrelated question randomized response method.

AME 61108:  Nonlinear Dynamics & Chaos   


  4 - 1- 0

Dynamical systems- Central manifold and Normal form, attractors, SIC, 1D map, Logistic map, Poincare’ maps, generalized Baker’s map, circle map. Bifurcations- Saddle-node, Transcritical, pitchfork, Hopf-bifurcation, Global bifurcations, Melnikov’s method for homoclinic orbits. Strange attractors & fractals dimentions. Henon map and Rossler system, Box-counting, pointwise and correlation, Hausdorff dimensions. Lyapunov exponent, Horseshoe map and symbolic dynamics, chaotic transitions, intermittency, crisis, quasiperiodicity, controlling & synchronization of chaos.

AME 61109: Mathematical Ecology




4 - 1- 0

Single species models, Exponential, logistic, Gompertz growth, Harvest model, Discrete-time and Delay model, Interacting population model, chemostate, prey-predator, competition & mutualism models, Dynamics of exploited populations, Spatially structured models, Age-structured models, sex-structured models, models of spread, two sex models, Leslie matrix, Randomly fluctuating  Environment, prey-predator and multi-species models in stochastic environment, Niche overlap and limiting similarity.  Competition matrix, Speculations.

AME 61110: Demography






    4 - 1- 0

Measures of fertility and mortality, period and Cohort measures, Life tables and its applications, Methods of construction of abridged life tables, Application of stable population theory to estimate vital rates. Population projection, Stochastic models of fertility and reproduction.

AME 61111: Software Reliability                                                4-1-0
 
Basic Concepts of Software Engineering. Definition of: Faults, Failures, Environment, Software Reliability, Software Repair & Software Availability. System Definition: System Configuration & Test Run Selection, Software Reliability Modeling and Model Classification, Markovian Models, Calendar Time Models, Parameter Estimation, Comparison of Software Reliability Models, Structural Modeling, Concept of Redundancy in Software Reliability.
AME 61112: Fuzzy Set Theory and its Applications               4-1-0

Basic concepts of fuzzy sets and fuzzy logic,  Motivation, Fuzzy sets and their representations, Membership functions and their designing, Operations on fuzzy sets, Convex fuzzy sets, Alpha-level cuts, Geometric interpretation of fuzzy sets, Fuzzy numbers and Linguistic variables,  Fuzzy rules, Composition of fuzzy relations, 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.

Decision making in Fuzzy environment, Fuzzy Decisions, Fuzzy Linear programming, Fuzzy Multi criteria analysis, Multiobjective decision making, Higher order fuzzy set, Introduction to Rough Set theory.
AME 61113: Distribution Theory and Pseudo-differential Operators

                                                                                                                   4-1-0

Introduction, Test Functions, Convergence in

[image: image1.wmf](

)

D

W

, Operators on Distributions, Multiplication and Division of Distributions. A Boundedness Property, Convergence of a Sequence of Distributions, Distributional Derivative, Derivative of a Locally Integrable Functions, Distributions of Compact Support, Direct Product of Distributions. Convolution, Properties of Convolution, Fundamental Solutions of Linear Differential Operators, The Space of rapidly Decreasing Functions. The Space of Tempered Distributions, Multipliers in S’(Rn), The Fourier Transform on S(Rn), Convolution Theorem in S’(Rn), Hilbert Space, The Sobolev Space, Hm,p, The Sobolev Space Hs(Rn). The Space H-s. Symbols, Pseudo-differential Operators, The Formal Adjoint of Pseudo-differential Operator. The Parametrix of an Elliptic Pseudo-differential Operators, Lp- Boundedness of Pseudo-differential Operators 1<p< 
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. Minimal and Maximal Pseudo-differential Operators. Global Regularity of Elliptic Partial Differential Equations.

AME 61114: Non Newtonian Fluid Dynamics


         4-1–0
Characteristics of Non- Newtonian fluids, some physical phenomena. Rheological classification. Time independent Non-Newtonian fluids, Time dependent Non-Newtonian fluids and viscoelastic fluids.

Constitutive equations for Non-Newtonian fluids, Transformation to various co-ordinate systems. Basic equations governing the flow. Dynamical similarity. Exact solutions of some steady and unsteady flows.

Laminar boundary layers: Basic equations and similar solutions. Some simple non-Newtonian flow problems through pipes, rotating co-axial cylinders and moving boundaries.

AME 61115: Hydrodynamics & Application to Groundwater
4-1-0
 

Definition, origin, and characteristics of groundwater contamination. Aquifer, Types of aquifer, Properties of aquifer, Geologic formation as an aquifer, Hydrodynamic Dispersion and its equation, Simple Hydrodynamics dispersion problems with concentration type, Flux type and Mixed type boundary conditions, Confined groundwater flow between two water bodies, Unconfined flow by Dupit’s assumption, Unconfined flow with recharge, One dimensional Dupit’s flow with and without recharge, Tile drain problems, Wells, Steady flow into a well-confined and unconfined flow, Unsteady flow in a confined aquifer. Groundwater Resources, Groundwater Resources of India.

AME 61116: Optimization Techniques 



4-1–0
Multi Criteria decision making problems, , Markov Chain, Markov Decision Process, Queuing Theory, Application of Queuing Theory, Inventory Models, Simulation Modeling, Decision Making in Fuzzy Environment, Genetic algorithm, Monte Carlo simulation technique, Complexity Analysis: Travelling Sells Man problem and other NP hard problem. 
AME 61117:  Advanced Finite Element Computations               4-1-0

Taylor – Galerkin, Streamline Upwind FEM, error analysis, SOR techniques for tridiagonal matrices,Meshless techniques, element by element computations, Extended FEM etc.

AME 61118:  Celestial Mechanics                                               4-1-0
Introduction, Fundamental of Dynamics, Central Force Motion,  The Two-Body Problem, Computation of Orbits, The Three- And n-Body Problems, Restricted Three-Body Problem, Computer Simulation of the Two-Body Problem and Restricted Three-Body Problem, Computation of  Linear and Nonlinear Stabilities. Normal Forms, Use of KAM Theorem, Theory of Perturbations. 
AME 61119:  Queuing Theory and Reliability                          4-1-0 

Birth and Death Process, Queuing Theory: General Concept, Generalized Queuing model, M/M/1, M/M/1/N and M/M/s Queue, Bulk Queue, Network of Monrovian Queueing System, Non Markovian Queueing Models, M/G/1, GI/M/1 Queue, General concept of discrete time queues, Applications of Queuing theory, Introduction to Reliability Theory, System Reliability, Repairable and Non Repairable Systems, Markov Modeling in Reliability, Life testing using the exponential and Weibull models, Shock Models and Wear Process, Concept of Redundancy.
AME 61120:  Topology via Logic                                                 4-1-0 
Frames, Complete Heyting Algebras, Frames as algrbras, Lacales, Sober spaces, New topologies for old, Point logic, Compactness, Spectral algebraic Locales, Doamin Theory, Power Domains, Spectra of Rings.
AME 61121: Inverse Theory                                                          4-1-0
Foundation of inverse theory, Hilbert space, Norm and Dimension, Inverse of matrix-Moore-Penrose inverse, Singular value decomposition, Model and Data Space. Forward and inverse problem. Classification of inverse problems. Structure of an inverse problem. Least squares inversion: Steepest descent, model and Data covariance, Tikhonov regularization and Backus- Gilbert method. Stochastic inversion, Baysian approaches, Non linear inversions, Inversion of Seismological/Geophysical data over 1D and 2D structures: Travel time and velocity inversion.

AME 61122: Computer Programming   



       4-1- 0
C- Programming Language:  Introduction, constants, variables and data-types; operators and expressions; Input/output statements; Decision making and branching; looping; Arrays; User defined functions; Structures and Unions; Pointers; File management; Dynamic memory allocation and linked lists; The preprocessor.

C++ Programming Language: Introduction, C++ preliminaries, Tokens, expressions and control structures; Functions, Function Overloading; Classes and Objects; Construction and Destructors; Operator Overloading and Type conversions; Inheritance; Polymorphism; Input/Output operation: streams and stream classes, Unformatted and Formatted I/O Operations, Managing Output with Manipulators; Management of files; Template; Exception handling

AME 61123:  Probability & Statistics                                         4-1-0
Introduction to Probability, Different definitions, Bayes Theorem, and independence.  Random Variables, Discrete and Continuous Distributions, Joint Distributions , Sampling Distributions : The Central Limit Theorem, distributions of the sample mean and the sample variance for a normal population, Chi-Square, t and F distributions, Estimation and Testing of Hypotheses. 
Practical Paper: A - Core Course

AMC 61201: Advance Numerical Methods Lab


     0 - 0-2/2

Solution of tri diagonal systems. Solution of system of simultaneous non-linear algebraic and transcendental equations, Evaluation of double integrals. Solution of initial value problems, Solution of B.V. P. by finite difference method. Solution of integral equation, Solution of Laplace and Poisson equations in two variables, Solution of heat conduction Equations in two and three variables, Solution of wave equations in two and three variables.              
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