Department of Electrical Enginccring

Syllabus of Entrance Test for Ph.D Admission

Section 1: Engincering Mathematics
Lincar Algebra: Matrix Algebra, S

ystems of linear cquations, Fige
Calculus: Mean value lhq'vrcms. Theorems of integral calculus,
improper integrals, Partial* Derivatives, Maxima and minima,
series, Vector identitics, Dircctional derivatives,
integral, Stokes’s theorem, Gauss’s theorem, G
Differential equations: First order equations (linear and nonlinear), Higher order lincar
differential equations with constant coefficients, Method of variation of parameters, Cauchy's
equation, Euler’s equation, Initial

and boundary value problems. Partial Differential
Equations, Method of separation of variables.

Complex variables: Analytic functions, Cauchy’s
formula, Taylor series, Laurent series, Resid
Probability and Statistics: Sampling the

Mode, Standard Deviation, Random variabl
distribution,

nvn!ucs.l Ligenvectors.

Evaluation of definite and
Multiple integrals, Fourier
Line integral, Surface integral,

Volume
reen’s theorem.

integral theorem, Cauchy’s integral
ue theorem, Solution integrals.
orems, Conditional probability, Mean, Median,

es, Discrete and Continuous distributions. Poisson
Normal distribution, Binomial distributi

on. Corrclation analysis, Regression
analysis.
Numerical Methods: Solutions of nonlinear algebraic cquations. Single and Multi-step
methods for differential equations.

Transform Theory: Fourier Transform, Laplace Transform, z-Transform.

Electrical Engineering

| State analysis, Resonance s, ldeal current and
voltage sources; ‘Thevenin’s theorem, Norton®

‘ s theorem, Supcrposilion-lheorem, Maximum
power transfer theorem, Two-port networks, Three phase circuits, Power and power factor in
ac circuits. '

, Passive filters

Section 3: Electromagnetic Ficlds

eld Intensity, Electric Flux Density, Gauss's |
ue to point, line, plane and spherical charge
citance of simple configurations, Biot-S
Lorentz force, Inductance, Magne
Mutual inductance of simple con

Coulomb's Law, Electric Fj
Electric field and potential d
of dielectric medium, Capa
law, Curl, Faraday’s law,

Magnetic circuits,Self and

Law, Divcrgcgce,
distributions. Effect
avart’s law, Ampere's

tomotive foree, Reluctance.
figurations,

Section 4: Signals and Systems
Representation of continuous and discrete-time signals, Shiftin
Linear Time Invariant and Causal systems, Fourier series
periodic signals, Sampling theorem, Applications of Fourie
and z-Transform.

g and scaling opcrations,
representation of continuous
r Transform, Laplace Transform

- N Section 5: Electrical Machines
ivalent circuit, phasor diagram.,
Y. Three phase transformers:
anical enerpy

Single phase transformer: equ
tests, regulation and cfficienc

open circuit and short circuit
Aulo~\ransformcr, LElectromecl

connecuons, parallel operation:
canversion principles, DC machines: separately

N
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‘o and shunt, motoring and gencrating n’mdc of ope_ration and
e 'Se‘rj%\ tarting and speed control of dc motors; Three phase induction "
Ch'ar?'mr‘rlil(lt:;c:;?ir()::wly‘Pcs» performance, torque-speed characteristics, no-load anq blgéitz
fg::gru&':l: cq!uivalcnl‘circuil, starting and_specd con.trol.; Operating pl'i'rICiplc of single Phasi
induction motors;  Synchronous machm_cs: cylindrical and ‘ sahept.,. pole machines
performance, regulation and parallel ngrallon of gcngralors, startmg of synchronous Motor,
characteristics; Types of lossesand efficiency calculations of electric machines, :

J
" Section 6: Power Systems
Power generation concepts, ac and dc transmission concepts, Modc?ls and performance
transmission lines and cables, Series and shunt compensation, Electric field distribution and
mnsulators, Distribution systems, Per-unit quantities, Bus admittance matrix, Gauss-Seide| and
Newton-Raphson load flow methods, Voltage and Frequency cor?lrol, Power factor
correction,  Symmetrical components, Symmectrical and unsymmetrical fault analysis.
Principles of over-current, differential and distance protection; Circuit breakers, System
stability concepts, Equal area criterion.

Section 7: Control Systems o
Mathematical modeling and representation of systems, Feedback principle, transfer function,
Block diagrams and Signal flow graphs, Transient and Steady-state analysis of linear time
nvariant systems, Routh-Hurwitz and Nyquist criteria, Bode plots, Root loci, Stability
analysis, Lag, Lead and Lead-Lag compensators; P, Pl and PID controllers; State space
model, State transition matrix.- -
Section 8: Electrical and Electronic Measurements

Bridges and Potentiometers, Measurement of voltage, current, power, energy and power
lactor; Instrument transformers, Digital voltmeters and multimeters, Phase, Time and
Frequency measurement; Oscilloscopes, Error analysis.

- Section 9: Analog and Digital Electronics

Characteristics of diodes, BJT, MOSFET; Simple diode circuits: clipping, clamping,
rectifiers; Amplifiers: Biasing, Equivalent circuit and Frequency response; Oscillators and
Feedback amplifiers; Operational amplifiers: Characteristics and applications; Simple active
filters, VCOs and Timers, Combinational and Sequential logic circuits, Multiplexer,

Demultiplexer, Schmitt trigger, Sample and hold circuits, A/D and D/A converters,
8085Microprocessor: Architecture, Programming and Interfacing.

Section 10: Power Electronics
Characteristics of semiconductor power devices: Diode, Thyristor, Triac, GTO, MOSFET
IGBT; DC 10 DC conversion: Buck, Boost and Buck-Boost converters; Single
phase configuration of uncontrolled rectifiers, Line commutated thyristor base
Bidirectional ac 1o dc¢ voltage source converters, Issues of line
factor, Distortion factor of ac 10 de converters,
Sinusoidal pulse width modulation.
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and three
d converters,
current harmonics, Power
Single phase and three phase inverters,
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Section 1: Basic and Advance DSP

Fourier series and Fourier transform, sampling theorem and applications. DTFT, z-transform
Jiscrete-time processing of continuous-time signals. LTI systems: definition and properties.,
causal and non causal, stability, impulse response, convolution, correlation, poles and zeroes;
stability, frequency response, types of filter, FIR filters and IIR filters design, Filter structures for
IIR and FIR systems, Noise Cancellation, Echo cancellation, adaptive algorithm, Speech Models,
Delay Estimation, Equalization Methods,

Section 2: Electronic Devices & Circuit Analysis

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 celi.

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.

Section 3: Analog and Digital Circuits

nd rectifiers.BJT and MOSFET amplifiers: biasing, ac
frequency response.Current mirrors and differential
summers, differentiators, integrators, active filters,
integer and {loating-point- numbers. Combinatorial
Boolean identities and Kamaugh
¢ circuits, code converters,
fi-registers, finite
Data converters:

SRAM,

Diode circuits: clipping, clamping a
coupling, small signal analysis,

amplifiers.Op-amp circuitAmplifiers,

Schmitt  triggersand oscillators.binary, _
circuits: Boolean algebra, minimization of functions. using |
map, logic gates and their static CMOS implementations, arithmeti :
multiplexers, decoders.Sequential circuits: latches and. flip-flops, counters, shi
state machines, propagation delay, setup and hold time, critical path delay.
sample and hold circuits, ADCs and DACs.Semiconductor memories: ROM,
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e ine instructions and addressing modes, AL
/* DRAM.Computer organization: Machine v Qatapy,

and control unit, instruction pipelining.

Section 4: Control Systems

Basic control system components; '-teedbgck principle; Transfer functilon; Block diagrap,
representation:  Signal flow graph; Transient and §t'eady-'stat'e'analy51s of LTI Systems;
Frequency response; Routh-Hurwitz and Nyquist stability criteria; Boc‘le and root-locys plots;
Lag. lead and lag- lead compensation; State variable model and solution of state equation of

LTI systems.

Section §: Communication & Electromagnetics

Random processes: autocorrelation 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,
superheterodyne 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
ceceiver, SNR and BER.Fundamentals of error correction, Hamming codes, CRC.

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 monopoie antennas, linear antenna arrays.
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Quantitative methods. Steps of Research. Thesis and Article writing: Format and styles of
? referencing. Research ethics.
ﬁ Unit-1I Mathematical Reasoning and Aptitude
" Types of reasoning. Number series, Letter series, Codes and Relationships.
g
Mathematical Aptitude (Fraction, Time & Distance, Ratio. Proportion and Percentage, Profit
and Loss, Interest and Discounting, Averages etc.).
Unit-111 Logical Reasoning
Understanding the structure of arguments: argun}ent .forms. structure  of categorical
propositions, Mood and Figure, Formal and Informal fallacies,
Uses of language, Connotations and denotations of terms, C lassical square of oppgsilion,
Evaluating and distinguishing deductive and inductive reasoning. Analogies. Venn diagram:
Simple and multiple use for establishing validity of arguments.
p g
Unit-1V Data Interpretation
Sources, acquisition and classification of Data. Quantitative and Q_ualitutive Data. Gra‘_)hical_
representation (Bar-chart, Histograms, Pie-chart, Table-chart and Line-chart) and mapping of
Data. Data Interpretation. Data and Governance.
Unit-V Information and Communication Technology (ICT)
ICT: General abbreviations and terminology. Basics of Internet, Intranet, E-mail. Audio and
Video-conferencing. Digital initiatives in research. ICT and Governance. Application of 1C]
in research. ‘
Unit-V1 People, Development and Environment
Development and environment: Millennium development and Sustainable development goals.
Human and environment interaction: Anthropogenic activities and their impacts on
environment. _
Eavironmental issues: Local, Regional and Global; Air pollution, Water pollution, Soll
pollulion, Noise pollution, Wa}ste (solid, _"_qud, .bxomedical, hazardous, electronic), Climate
change and its Socio-Economic and Pohusal' dimensions. [mpacts of pollutants on human
health. Natural and energy resources: Solar, Wind, Soil, Hydro, Geothermal, Biomass, Nuclear
and Forests. Natural hazards and disasters: Mitigation strategies.
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Research Methodology
Syllabus for Ph.D. Entrance Exam 2025

\'nit-i Research Aptitude

Research: Meaning, Types, and Characteristics, Positivism and Postpositivistic approach to
research, Methods of Research: Experimental, Descriptive, Historical. Qualitative ang
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