M.Sc Maths Semester 111 Paper XIII PRPER-CODE K21, 3661

FUNCTIONAL ANALYSIS -1

Scheme of examination: ) MM: 70
Note: In all five questions are to be answered .First question will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one
question from each unit. All questions will carry equal marks.

Unit 1:

Normed linear spaces. Quotient space of normed linear spaces and its
completeness. Banach spaces and examples. Bounded linear
transformations. Normed linear space of bounded linear transformations.
Unit -2

Equivalent norms. Basic properties of finite dimensional normed linear
spaces and compactness. Reisz Lemma. Multilinear mapping. Open
mapping theorem. Closed graph theorem. Uniform boundness theorem.
Unit — 3 Continuous linear functionals. Hahn-Banach theorem and its
consequences. Embedding and Reflexivity of normed spaces. Dual spaces
with examples. Inner product spaces. Hilbert space and its properties.
Unit -4

Orthogonality and Functionals in Hilbert Spaces. Phythagorean theorem,
Projection theorem, Orthonormal sets, Bessel’s inequality, Complete
orthonormal sets, Parseval’s identity, Structure of a Hilbert space, Riesz

representation theorem, Reflexivity of Hilbert spaces.
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VISCOUS FLUID DYNAMICS -1

Scheme of examination: MM: 70
Note: In all five questions are to be answered First question will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one
question from each unit. All questions will carry equal marks.

Unit -1

Viscosity , Analysis of stress and rate of strain, Stoke’s law of friction, *
Thermal conductivity and generalized law of heat conduction, Equations
of state and continuity , Navier- Stokes equations of motion.

Unit -2

Vorticity and circulation, Dynamical similarity, Inspection and
dimensional analysis, Buckingham theorem and its application, Non-
dimensional parameters and their physical importance : Reynolds
number, Froude number, Mach number, Prandtl number, Eckart number,
Grashoff number, Brinkmann number, Non — dimensional coefficients :
Lift and drag coefficients, Skin friction , Nusselt number, Recovery
factor.

Unit-3 _ '
Exact solutions of Navier — Stokes equations, Velocity distribution for
plane couette flow, Plane Poiseuille flow, Generalized plane Couette
flow, Hagen- Poiseuille flow, Flow in tubes of uniform cross-sections.
Unit -4

Flow between two concentric rotating cylinders. Stagnation point flows :
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Hiemenz flow, Homann flow. Flow due to a rotating disc.
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Numerical Analysis — |

Scheme of examination: MM: 70
Note: In all five questions are to be answered .First question will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one

question from each unit. All questions will carry equal marks.

Unit 1:

lterative methods — Theory of iteration method, Acceleration of the
convergence, Chebyshev method, Muler’s method, Methods for multiple
and complex roots.

Unit 2:

Newton-Raphson method for simultaneous equations, Convergence of
iteration process in the case of several unknowns. Solution of
polynomial equations- Polynomial equation, Real and complex roots,
Synthetic division, The Birge-Vieta, Bairstow and Graeffe’s root
squaring method.

Unit 3:

Systems of simultaneous Equations (Linear)-Direct method, Method of
determinant, Gauss-Jordan, LU-Factorizations -Doolitte’s, Crout’s and

Cholesky’s. Partition method. Relaxation methods.

Unit 4:
Eigen value problems — Basic properties of eigen values and eigen
vector, Power methods, Method for finding all eigen values of a

matrix, Jacobi, Givens’ and Ruitishauser method. Complex eigen
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MATHEMATICAL PROGRAMMING -1

Scheme of examination: ~ MM: 70
Note: In all five questions are to be answered .First question will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one
question from each unit. All questions will carry equal marks.

Unit - 1

Separating and supporting hyperplane theorems. Revised simplex method
to solve Linear Programming problems, Bounded variable problems.
Unit — 2 Integer programming: Gomory’s algorithm for all and mixed
integer programming problems, Branch and Bound algorithm; Goal
programming: Graphical goal attainment method, Simplex method for
GPP.

Unit-3

Separable programming: Piece-wise Linear approximations to non-linear
functions, Reduction to separable programming problem to Lp.p.,
separable programming algorithm, fractional programming:
computational procedure.

Unit - 4

Dynamic programming: Introduction, Bellman principle of optimality,
solution of problems with finite number stages, solution of Lp.p. by

dynamic programming.
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INTEGRAL TRANSFORMS

Scheme of examination: MM: 70
Note: In all five questions are to be answered .First question will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one
question from each unit. All questions will carry equal marks.

Unit—-1

Fourier transform — Definition and properties of Fourier sine, cosine and
complex transforms. Convolution theorem. Inversion theorems. Fourier
transform of derivatives.

Unit — 2 Mellin transform— Definition and elementary propertics. Mellin
transforms of derivatives and integrals. Inversion theorem. Convolution
theorem.

Unit - 3

Laplace transform— Definition and its properties. Rules of manipulation.
Laplace transform of derivatives and integrals. Properties of inverse
Laplace transform. Convolution theorem.

Unit — 4

Complex inversion formula. Infinite Hankel transform— Definition and
elementary properties. Hankel transform of derivatives. Inversion

theorem. Parseval Theorem.
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RELATIVISTIC MECHANICS

Scheme of examination: MM: 70
Note: In all five questions are to be answered .First question will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one
question from each unit. All questions will carry equal marks.

Unit—-1

Relative Character of space and time, Principle of Relativity and its
postulates, Derivation of special Lorentz transformation equations,
Composition of Parallel velocities, Lorentz-Fitzgerald contraction
formula, Time dilation.

Unit - 2

Simultaneity, Relativistic transformation formulae for velocity, Lorentz
contraction factor, Particle acceleration, Velocity of light as fundamental
velocity, Relativistic aberration and its deduction to Newtonian theory.
Unit - 3

Variation of mass with velocity, Equivalence of mass and energy,
Transformation formulae for mass, Momentum and energy, Problems on
conservation of mass, Momentum and energy, Relativistic Lagrangian
and Hamiltonian.

Unit - 4

Minkowski space, Space-like, Time-like and Light-like intervals, Null
cone, Relativity and Causality, Proper time, World line of a particle.

Principles of Equivalence and General Covariance.
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FUNCTIONAL ANALYSIS II AND ADVANCED CALCULUS

Scheme of examination: ~ MM: 70
Note: In all five questions are to be answered .First que;vtion will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one
question from each unit. All questions will carry equal marks.

Unit—1

Adjoint of an operator on a Hilbert space. Self-adjoint, Positive, Normal
and Unitary operators and their properties.Projection on a Hilbert space.
Invariance. Reducibility. Orthogonal projections.

Unit - 2

Derivatives of a continuous map from an open subset of Banach épace to
a Banach space. Rules of derivation. Derivative of a composite,
Directional derivative. Mean value theorem and its applications.

Unit -3

Partial derivatives and Jacobian Matrix. Continuously differentiable
maps. Higher derivatives. Taylor’s formula.

Unit - 4

Inverse function theorem. Implicit function theorem. Step function,
Regulated function, primitives and integrals. Differentiation under the
integral sign. Riemann integral of function of real variable with values in

normed linear space.
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VISCOUS FLUID DYNAMICS — 11

Scheme of examination: MM: 70
Note: In all five questions are to be answered .First question will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one
question from each unit. All questions will carry equal marks.

Unit -1

Concept of unsteady flow, Flow due to plane wall suddenly set in the
motion (Stokes’ first problem), Flow due to an oscillating plane wall
(Stokes’ second problem), Starting flow in plane Couette motion,
Suction/injection through porous wall.

Unit - 2

Equation of energy, Temperature distribution : Between parallel plates, in
a pipe, between two concentric rotating cylinders.

Unit — 3 Variable viscosity plane Couette flow, temperature distribution
of plane Couette flow with transpiration cooling. Theory of very slow
motion: Stokes’ and Oseen’s flows past a sphere.

Unit -4

Concept of boundary layer , Derivation of velocity and thermal boundary
equations in two-dimensional flow. Boundary layer on flat plate (Balsius-
Topfer solution), Simple solution of thermal boundary layer equation for
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Numerical Analysis — 1|

Scheme of examination: MM: 70
Note: In all five questions are to be answered .First question will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one

question from each unit. All questions will carry equal marks.

Unit-1

Curve Fitting and function approximations — Least Square error criterion.
Linear regression. Polynomial fitting and other curve fittings,
Approximation of functions by Taylor series and Chebyshev polynomials.
Unit-2

Numerical Solution of Ordinary differential Equations — Taylor series
Method, Picard method, Runge — Kutta Methods upto forth order,
Multistep method (Predictor- corrector strategies).

Unit-3

Stability analysis — Single and multistep methods. BVP’s of ordinary
differential equations — Boundary value problems (BVP’s), Shooting
methods.

Unit—4
Finite difference methods. Difference schemes for linear boundary value

problemsof thetype ¥"'=f(x.y),y"=f(xy.y)and y" = f(x,y). - — o
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MATHEMATICAL PROGRAMMING - II

Scheme of examination: MM: 70
Note: In all five questions are to be answered .First question will be short
answer type, compulsory and will cover the entire Syllabus. There shall
be two questions from each unit. A student has to answer at least one
question from each unit. All questions will carry equal marks.

Unit—1

Convex function, Quadratic forms, constrained problem of maxima and
minima, Lagrangian method, Non-linear programming: Formulation and
Graphical method.

Unit — 2

Non-linear programming and its fundamental ingradients, Khun-Tucker
necessary and sufficient conditions; Saddle point, Saddle-point theorems.
Unit -3

Quadratic Programming: Kuhn-Tueker conditions, Wolfe method,
Duality in Quadratic Programming.

Unit - 4

Beals method to solve QPP, Geometric Programming: Formulation,

geometric arithmetic inequality, necessary conditions of optimality.

¥



i

M.Sc Maths Semester IV Paper XXIII PASCR COSE, .
R2-h6é5

INTEGRAL EQUATIONS

Scheme of examination: - MM: 70
Note: In all five questions are to be answered .First question will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one
question from each unit. All questions will carry equal marks.

Unit -1

Linear integral equations— Definition and classification. Conversion of
initial and boundary value problems to an integral equation. Eigen values
and Eigen functions. Solution of homogeneous and general Fredholm
integral equations of second kind with separable kernels.

Unit -2

Solution of Fredholm and Volterra integral equations of second kind by
methods of successive substitutions and successive approximations.
Resolvent kernel and its results. Conditions of uniform convergence and
uniqueness of series solution.

Unit -3

Integral equations with symmetric kernels— Orthogonal system of
functions. Fundamental properties of eigen values and eigen functions for
symmetric kernels. Expansion in eigen functions and bilinear form.
Hilbert-Schmidt theorem. Solution of Fredholm integral equations of

second kind by using Hilbert-Schmidt theorem.

—
Unit - 4 3 3\_5
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Solution of Volterra integral equations of second kind with convolution
type kernels by Laplace transform. Solution of singular integral equations
by Fourier transform. '

Classical Fredholm theory— Fredholm theorems. Solution of Fredholm

integral equation of second kind by using Fredholm first theorem.
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GENERAL RELATIVITY & COSMOLOGY

Scheme of examination: : MM: 70
Note: In all five questions are to be answered .First question will be short
answer type, compulsory and will cover the entire syllabus. There shall
be two questions from each unit. A student has to answer at least one
question from each unit. All questions will carry equal marks.

Unit- 1

Mach’s principle, Newtonian approximation of equation of motion,
Einstein’s field equation for matter and empty space, Reduction of
Einstein’s field equation to Poisson’s equation, Removal of clock paradox
in General Relativity.

Unit — 2 Schwarzschild exterior metric, its isotropic form, Singularity and

singularities in Schwarzschild exterior metric, Derivation of the formula

GM = czm, Mass of sun in gravitational unit, Relativistic differential
equation for the orbit of the planet.

Unit -3

Three crucial tests in General Relativity and their detailed descriptions,
Analogues of Kepler’s laws in General Relativity, Trace of Einstein
tensor, Energy-momentum tensor and its expression for perfect fluid,
Schwarzschild interior metric and boundary condition.

Unit — 4

Lorentz invariance of Maxwell’s equations in empty space, Lorentz force
on charged particle, Energy-momentum tensor for electro-magnetic field.
Einstein’s field equation with cosmological term, Static cosmologiéal

models (Einstein & de-Sitter models) with physical and geometrical
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properties, Non-static form of de-Sitter line-element and Red shift in this
p¥
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metric, Einstein space, Hubble’s law, Weyl’s postulate.
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