Annexure C

Electronics and Communication Engineering (Test Code: ECE)

Networks, Signals and Systems

Circuit Analysis: Node and mesh analysis, superposition, Thevenin's theorem, Norton’s theorem,
reciprocity. Sinusoidal steady state analysis: phasors, complex power, maximum power transfer.
Time and frequency domain analysis of linear circuits: RL, RC, and RLC circuits, solution of
network equations using Laplace transform.

Linear 2-port network parameters, wye-delta transformation.

Continuous-time Signals: Fourier series and Fourier transform, sampling theorem and
applications.

Discrete-time Signals: DTFT, DFT, z-transform, discrete-time processing of continuous-time
signals. LTI systems: definition and properties, causality, stability, impulse response, convolution,
poles and zeroes, frequency response, group delay, phase delay.

Electronic Devices

Energy bands in intrinsic and extrinsic semiconductors, equilibrium carrier concentration, direct
and indirect band-gap semiconductors.

Carrier Transport: Diffusion current, drift current, mobility and resistivity, generation, and
recombination of carriers, Poisson and continuity equations.

P-N junction, Zener diode, BJT, MOS capacitor, MOSFET, LED, photo diode, and solar cell.

Analog Circuits

Diode Circuits: Clipping, clamping, and rectifiers.

BJT and MOSFET Amplifiers: Biasing, AC coupling, small signal analysis, frequency response.
Current mirrors and differential amplifiers.

Op-amp Circuits: Amplifiers, summers, differentiators, integrators, active filters, Schmitt
triggers and oscillators.

Digital Circuits

Number Representations: Binary, integer and floating-point- numbers. Combinatorial circuits:
Boolean algebra, minimization of functions using Boolean identities and Karnaugh map, logic
gates and their static CMOS implementations, arithmetic circuits, code converters, multiplexers,
decoders.

Sequential Circuits: Latches and flip-flops, counters, shift-registers, finite state machines,
propagation delay, setup and hold time, critical path delay.

Data Converters: Sample and hold circuits, ADCs and DACSs.

Semiconductor Memories: ROM, SRAM, DRAM.

Computer Organization: Machine instructions and addressing modes, ALU, data-path and
control unit, instruction pipelining.



Control Systems

Basic control system components; Feedback principle; Transfer function; Block diagram
representation; Signal flow graph; Transient and steady-state analysis of LTI systems; Frequency
response; Routh-Hurwitz and Nyquist stability criteria; Bode and root-locus plots; Lag, lead and
lag-lead compensation; State variable model and solution of state equation of LTI systems.

Communications

Random Processes: Auto correlation and power spectral density, properties of white noise, filtering
of random signals through LTI systems.

Analog Communications: Amplitude modulation and demodulation, angle modulation and
demodulation, spectra of AM and FM, super heterodyne receivers.

Information Theory: Entropy, mutual information and channel capacity theorem.

Digital Communications: PCM, DPCM, digital modulation schemes (ASK, PSK, FSK, QAM),
bandwidth, inter-symbol interference, MAP, ML detection, matched filter receiver, SNR and BER.
Fundamentals of error correction, Hamming codes, CRC.

Electromagnetics

Maxwell's Equations: Differential and integral forms and their interpretation, boundary conditions,
wave equation, Poynting vector.

Plane Waves and Properties: Reflection and refraction, polarization, phase and group velocity,
propagation through various media, skin depth.

Transmission Lines: Equations, characteristic impedance, impedance matching, impedance
transformation, S-parameters, Smith chart. Rectangular and circular waveguides, light propagation
in optical fibers, dipole and monopole antennas, linear antenna arrays.



Electrical Engineering (Test Code: EE)

Electric circuits

Network Elements: Ideal voltage and current sources, dependent sources, R, L, C, M elements;
Network solution methods: KCL, KVL, Node and Mesh analysis; Network Theorems: Thevenin’s,
Norton’s, Superposition and Maximum Power Transfer theorem; Transient response of DC and
AC networks, sinusoidal steady-state analysis, resonance, two-port networks, balanced three-
phase circuits, star-delta transformation, complex power and power factor in AC circuits.

Electromagnetic Fields

Coulomb's Law, Electric Field Intensity, Electric Flux Density, Gauss's Law, Divergence, Electric
field and potential due to point, line, plane and spherical charge distributions, Effect of dielectric
medium, Capacitance of simple configurations, Biot-Savart’s law, Ampere’s law, Curl, Faraday’s
law, Lorentz force, Inductance, Magnetomotive force, Reluctance, Magnetic circuits, Self and
Mutual inductance of simple configurations.

Signals and Systems

Representation of continuous and discrete time signals, shifting and scaling properties, linear time-
invariant and causal systems, Fourier series representation of continuous and discrete time periodic
signals, sampling theorem, Applications of Fourier Transform for continuous and discrete time
signals, Laplace Transform and Z transform. R.M.S. value, average value calculation for any
general periodic waveform.

Electrical Machines

Single phase transformer: equivalent circuit, phasor diagram, open circuit and short circuit tests,
regulation and efficiency; Three-phase transformers: connections, vector groups, parallel
operation; Auto-transformer, Electromechanical energy conversion principles; DC machines:
separately excited, series and shunt, motoring and generating mode of operation and their
characteristics, speed control of dc motors; Three-phase induction machines: principle of
operation, types, performance, torque-speed characteristics, no-load and blocked-rotor tests,
equivalent circuit, starting and speed control; Operating principle of single-phase induction
motors; Synchronous machines: cylindrical and salient pole machines, performance and
characteristics, regulation and parallel operation of generators, starting of synchronous motors;
Types of losses and efficiency calculations of electric machines.

Power Systems

Basic concepts of electrical power generation, AC and DC transmission concepts, Models and
performance of transmission lines and cables, Economic Load Dispatch (with and without
considering transmission losses), Series and shunt compensation, Electric field distribution and
insulators, Distribution systems, Per-unit quantities, Bus admittance matrix, Gauss- Seidel and
Newton-Raphson load flow methods, Voltage and Frequency control, Power factor correction,
Symmetrical components, Symmetrical and unsymmetrical fault analysis, Principles of over-
current, differential, directional and distance protection; Circuit breakers, System stability
concepts, Equal area criterion.



Control Systems

Mathematical modelling and representation of systems, Feedback principle, transfer function,
Block diagrams and Signal flow graphs, Transient and Steady-state analysis of linear time
invariant systems, Stability analysis using Routh-Hurwitz and Nyquist criteria, Bode plots, Root
loci, Lag, Lead and Lead-Lag compensators; P, PI and PID controllers; State space model, Solution
of state equations of LTI systems.

Electrical and Electronic Measurements

Bridges and Potentiometers, Measurement of voltage, current, power, energy and power factor;
Instrument transformers, Digital voltmeters and multi-meters, Phase, Time and Frequency
measurement; Oscilloscopes, Error analysis.

Analog and Digital Electronics

Simple diode circuits: clipping, clamping, rectifiers; Amplifiers: biasing, equivalent circuit and
frequency response; oscillators and feedback amplifiers; operational amplifiers: characteristics and
applications; single stage active filters, Active Filters: Sallen Key, Butterwoth, VCOs and timers,
combinatorial and sequential logic circuits, multiplexers, demultiplexers, Schmitt triggers, sample
and hold circuits, A/D and D/A converters.



Physics (Test Code: PHY)

Classical Mechanics

Lagrangian Formulation: D'Alembert's principle, Euler-Lagrange equation, Hamilton's principle,
calculus of variations; symmetry and conservation laws; central force motion: Kepler problem and
Rutherford scattering; small oscillations: coupled oscillations and normal modes; rigid body
dynamics: interia tensor, orthogonal transformations, Euler angles, Torque free motion of a
symmetric top; Hamiltonian and Hamilton's equations of motion; Liouville's theorem; canonical
transformations: action-angle variables, Poisson brackets, Hamilton-Jacobi equation.

Special Theory of Relativity: Lorentz transformations, relativistic kinematics, mass-energy
equivalence.

Electromagnetic Theory

Solutions of electrostatic and magnetostatic problems including boundary value problems; method
of images; separation of variables; dielectrics and conductors; magnetic materials; multipole
expansion; Maxwell's equations; scalar and vector potentials; Coulomb and Lorentz gauges;
electromagnetic waves in free space, non-conducting and conducting media; reflection and
transmission at normal and oblique incidences; polarization of electromagnetic waves; Poynting
vector, Poynting theorem, energy and momentum of electromagnetic waves; radiation from a
moving charge.

Quantum Mechanics

Postulates of quantum mechanics; uncertainty principle; Schrodinger equation; Dirac Bra-Ket
notation, linear vectors and operators in Hilbert space; one dimensional potentials: step potential,
finite rectangular well, tunneling from a potential barrier, particle in a box, harmonic oscillator;
two and three dimensional systems: concept of degeneracy; hydrogen atom; angular momentum
and spin; addition of angular momenta; variational method and WKB approximation, time
independent perturbation theory; elementary scattering theory, Born approximation; symmetries
in quantum mechanical systems.

Thermodynamics and Statistical Physics

Laws of thermodynamics; macrostates and microstates; phase space; ensembles; partition
function, free energy, calculation of thermodynamic quantities; classical and quantum statistics;
degenerate Fermi gas; black body radiation and Planck’s distribution law; Bose-Einstein
condensation; first and second order phase transitions, phase equilibria, critical point.

Atomic and Molecular Physics

Spectra of one-and many-electron atoms; spin-orbit interaction: LS and jj couplings; fine and
hyperfine structures; Zeeman and Stark effects; electric dipole transitions and selection rules;
rotational and vibrational spectra of diatomic molecules; electronic transitions in diatomic
molecules, Franck-Condon principle; Raman effect; EPR, NMR, ESR, X-ray spectra; lasers:
Einstein coefficients, population inversion, two and three level systems.



Solid State Physics

Elements of crystallography; diffraction methods for structure determination; bonding in solids;
lattice vibrations and thermal properties of solids; free electron theory; band theory of solids:
nearly free electron and tight binding models; metals, semiconductors, and insulators;
conductivity, mobility and effective mass; Optical properties of solids; Kramer's-Kronig relation,
intra- and inter-band transitions; dielectric properties of solid; dielectric function, polarizability,
ferroelectricity; magnetic properties of solids; dia, para, ferro, antiferro and ferri-magnetism,
domains and magnetic anisotropy; superconductivity: Type-l1 and Type Il superconductors,
Meissner effect, London equation, BCS Theory, flux quantization.

Electronics

Semiconductors in Equilibrium: Electron and hole statistics in intrinsic and extrinsic
semiconductors; metal-semiconductor junctions; Ohmic and rectifying contacts; PN diodes,
bipolar junction transistors, field effect transistors; negative and positive feedback circuits;
oscillators, operational amplifiers, active filters; basics of digital logic circuits, combinational and
sequential circuits, flip-flops, timers, counters, registers, A/D and D/A conversion.

Nuclear and Particle Physics

Nuclear radii and charge distributions, nuclear binding energy, electric and magnetic moments;
semi-empirical mass formula; nuclear models; liquid drop model, nuclear shell model; nuclear
force and two nucleon problem; alpha decay, beta-decay, electromagnetic transitions in nuclei;
Rutherford scattering, nuclear reactions, conservation laws; fission and fusion; particle
accelerators and detectors; elementary particles; photons, baryons, mesons and leptons; quark
model; conservation laws, isospin symmetry, charge conjugation, parity and time-reversal
invariance.



Mathematics (Test Code: MA)

Calculus

Functions of two or more variables, continuity, directional derivatives, partial derivatives, total
derivative, maxima and minima, saddle point, method of Lagrange’s multipliers; Double and
Triple integrals and their applications to area, volume, and surface area; Vector Calculus: gradient,
divergence and curl, Line integrals and Surface integrals, Green’s theorem, Stokes’ theorem, and
Gauss divergence theorem.

Linear Algebra

Finite dimensional vector spaces over real or complex fields; Linear transformations and their
matrix representations, rank and nullity; systems of linear equations, characteristic polynomial,
eigen values and eigen vectors, diagonalization, minimal polynomial, Cayley-Hamilton Theorem,
Finite dimensional inner product spaces, Gram-Schmidt orthonormalization process, symmetric,
skew-symmetric, Hermitian, skew-Hermitian, normal, orthogonal and unitary matrices;
diagonalization by a unitary matrix, Jordan canonical form; bilinear and quadratic forms.

Real Analysis

Metric spaces, connectedness, compactness, completeness; Sequences and series of functions,
uniform convergence, Ascoli-Arzela theorem; Weierstrass approximation theorem; contraction
mapping principle, Power series; Differentiation of functions of several variables, Inverse and
Implicit function theorems; Lebesgue measure on the real line, measurable functions; Lebesgue
integral, Fatou’s lemma, monotone convergence theorem, dominated convergence theorem.

Complex Analysis

Functions of a complex variable: continuity, differentiability, analytic functions, harmonic
functions; Complex integration: Cauchy’s integral theorem and formula; Liouville’s theorem,
maximum modulus principle, Morera’s theorem; zeros and singularities; Power series, radius of
convergence, Taylor’s series and Laurent’s series; Residue theorem and applications for evaluating
real integrals; Rouche’s theorem, Argument principle, Schwarz lemma; Conformal mappings,
Mobius transformations.

Ordinary Differential Equations

First order ordinary differential equations, existence and uniqueness theorems for initial value
problems, linear ordinary differential equations of higher order with constant coefficients; Second
order linear ordinary differential equations with variable coefficients; Cauchy-Euler equation,
method of Laplace transforms for solving ordinary differential equations, series solutions (power
series, Frobenius method); Legendre and Bessel functions and their orthogonal properties; Systems
of linear first order ordinary differential equations, Sturm's oscillation and separation theorems,
Sturm-Liouville eigenvalue problems, Planar autonomous systems of ordinary differential
equations: Stability of stationary points for linear systems with constant coefficients, Linearized
stability, Lyapunov functions.



Algebra

Groups, subgroups, normal subgroups, quotient groups, homomorphisms, automorphisms; cyclic
groups, permutation groups, Group action, Sylow’s theorems and their applications; Rings, ideals,
prime and maximal ideals, quotient rings, unique factorization domains, Principle ideal domains,
Euclidean domains, polynomial rings, Eisenstein’s irreducibility criterion; Fields, finite fields,
field extensions, algebraic extensions, algebraically closed fields

Functional Analysis

Normed linear spaces, Banach spaces, Hahn-Banach theorem, open mapping and closed graph
theorems, principle of uniform boundedness; Inner-product spaces, Hilbert spaces, orthonormal
bases, projection theorem, Riesz representation theorem, spectral theorem for compact self-adjoint
operators.

Numerical Analysis

Systems of linear equations: Direct methods (Gaussian elimination, LU decomposition, Cholesky
factorization), Iterative methods (Gauss-Seidel and Jacobi) and their convergence for diagonally
dominant coefficient matrices; Numerical solutions of nonlinear equations: bisection method,
secant method, Newton-Raphson method, fixed point iteration; Interpolation: Lagrange and
Newton forms of interpolating polynomial, Error in polynomial interpolation of a function;
Numerical differentiation and error, Numerical integration: Trapezoidal and Simpson rules,
Newton-Cotes integration formulas, composite rules, mathematical errors involved in numerical
integration formulae; Numerical solution of initial value problems for ordinary differential
equations: Methods of Euler, Runge-Kutta method of order 2.

Partial Differential Equations

Method of characteristics for first-order linear and quasilinear partial differential equations;
Second order partial differential equations in two independent variables: classification and
canonical forms, method of separation of variables for Laplace equation in Cartesian and polar
coordinates, heat and wave equations in one space variable; Wave equation: Cauchy problem and
d'Alembert formula, domains of dependence and influence, non-homogeneous wave equation;
Heat equation: Cauchy problem; Laplace and Fourier transform methods.

Topology

Basic concepts of topology, bases, subbases, subspace topology, order topology, product topology,
quotient topology, metric topology, connectedness, compactness, countability and separation
axioms, Urysohn’s Lemma.

Linear Programming

Linear programming models, convex sets, extreme points; Basic feasible solution, graphical
method, simplex method, two-phase methods, revised simplex method; Infeasible and unbounded
linear programming models, alternate optima; Duality theory, weak duality, and strong duality;
Balanced and unbalanced transportation problems, Initial basic feasible solution of balanced
transportation problems (least cost method, north-west corner rule, Vogel’s approximation
method); Optimal solution, modified distribution method; Solving assignment problems,
Hungarian method.



