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Mathematics

Interview: The interview will be mainly based on three areas chosen by the candi-

date, typically their area(s) of interest.

Syllabus

1.1 Linear Algebra

System of Linear Equations, Matrices and Elementary Row Operations, Row-
Reduced Echelon Matrices. Vector Spaces, Subspaces, Bases and Dimension, Or-
dered Basis and Coordinates. Linear Transformations, Rank-Nullity Theorem,
The Algebra of Linear Transformations, Isomorphism, Matrix Representation of
Linear Transformations, Linear Functionals, Annihilator, Double Dual, Transpose
of a Linear Transformation. Characteristic Values and Characteristic Vectors of
Linear Transformations, Diagonalizability, Minimal Polynomial of a Linear Trans-
formation, Cayley-Hamilton Theorem, Invariant Subspaces, Direct-Sum Decom-
positions, Invariant Direct Sums, The Primary Decomposition Theorem, Cyclic
Subspaces and Annihilators, Cyclic Decomposition, Rational, Jordan Forms. In-

ner Product Spaces, Orthonormal Basis, Gram-Schmidt Theorem.

1.2 Real Analysis

Real Number System and its Completeness, Sequences and Series of Real Numbers.
Metric Spaces: Basic Concepts, Continuous Functions, Completeness, Contraction
Mapping Theorem, Connectedness, Intermediate Value Theorem, Compactness,
Heine-Borel Theorem. Differentiation, Taylor’s Theorem, Riemann Integral, Im-
proper Integrals. Sequences and Series of Functions, Uniform Convergence, Power
Series, Fourier Series, Weierstrass Approximation Theorem, Eqicontinuity, Arzela-

Ascoli Theorem.



1.3 Complex Analysis:

Topology of the Complex Plane, Riemann Sphere, Limits, Continuity and Differ-
entiability, Analytic Functions, Harmonic Functions and Multi-Valued Functions.
Convergence of Numerical Series, Radius of Convergence of Power Series and Power
Series as an Analytic Function, Laurent Series. Cauchy’s Integral Theorem, Cauchy
Integral Formula, Morera’s Theorem, Taylor’s Theorem, Laurent’s Theorem, Liou-
ville’s Theorem, Schwarz Lemma, Maximum Modulus Principle. Conformal Map-
pings, Linear Fractional Transformations, Classification of Singularities, Cauchy’s

Residue Theory and Evaluation of Real Integrals.

1.4 Differential Equations

Ordinary Differential Equations: Existence-Uniqueness: Review of Exact Equa-
tions of First Order, The Method of Successive Approximations, Lipschitz Con-
dition, Convergence of Successive Approximations, Existence and Uniqueness of
Solutions for First Order Initial Value Problem, Non-Local Existence of Solutions,
Existence and Uniqueness of Solutions to Systems, Existence and Uniqueness for
Linear Systems, Equations of Order n. Second Order Equations: General Solution
of Homogeneous Equations, Non-Homogeneous Equations, Wronskian, Method of
Variation of Parameters, Sturm Comparison Theorem, Sturm Separation Theorem,
Boundary Value Problems, Green’s Functions, Sturm-Liouville Problems. Series
of Solution of Second Order Linear Equations: Ordinary Points, Regular Singular
Points, Legendre Polynomials and Properties, Bessel Functions and Properties.
Systems of Differential Equations: Algebraic Properties of Solutions of Linear Sys-
tems, The Eigenvalue-Eigenvector Method of Finding Solutions, Complex Eigen-
values, Equal Eigenvalues, Fundamental Matrix Solutions, Matrix Exponential,
Nonhomogeneous Equations, Variation of Parameters.

Partial Differential Equations: Linear PDEs, First Linear and Quasi-linaer PDEs,
Classification of Second Order PDEs, Cauchy Problem, Variable Separable, Wave
Equation, Heat Equation, Laplace Equation, Transport Equation, D’Alembert’s

Principle, Boundary Value Problems, Green’s Function

1.5 Numerical Analysis

Norms of Vectors and Matrices, Linear Systems: Direct and Iterative Schemes,
I1I-Conditioning and Convergence Analysis. Numerical Schemes for Non-linear
Systems, Regression. Numerical Solution of Differential Equations: Single Step and
Multi-Step Methods, Order, Consistency, Stability and Convergence Analysis, Stiff
Equations. Two Point Boundary Value Problems, Shooting and Finite Difference
Methods.



