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Syllabus for Ph.D. Admission at Energy Institute, Bengaluru 2023-24 

The Ph.D. students will be selected based on written test and interview comprising of General Ability Test 

(Technical +Aptitude/Reasoning/English Proficiency + Research Methodology). 

The syllabus for respective discipline is as given below: 

 
(1) Electrical Engineering 

 

Section 1: Engineering Mathematics Linear Algebra: Matrix Algebra, Systems of linear equations, 

Eigenvalues, Eigenvectors. Calculus: Mean value theorems, Theorems of integral calculus, 

Evaluation of definite and improper integrals, Partial Derivatives, Maxima and minima, Multiple 

integrals, Fourier series, Vector identities, Directional derivatives, Line integral, Surface integral, 

Volume integral, Stokes’s theorem, Gauss’s theorem, Divergence theorem, Green’s theorem. 

Differential equations: First order equations (linear and nonlinear), Higher order linear 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 integral theorem, 

Cauchy’s integral formula, Taylor series, Laurent series, Residue theorem, Solution integrals. 

Probability and Statistics: Sampling theorems, Conditional probability, Mean, Median, Mode, 

Standard Deviation, Random variables, Discrete and Continuous distributions, Poisson 

distribution, Normal distribution, Binomial distribution, Correlation analysis, Regression analysis. 

Section 2: 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. 

Section 3: 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. 

Section 4: 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. 

Section 5: 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  

 

 

 



Section 6: Power Systems Basic concepts of electrical power generation, ac and dc transmission 

concepts, Models and performanceof transmission lines and cables, 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, Economic Load Dispatch (with and without 

considering transmission losses). 

Section 7: Control Systems Mathematical modeling 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, R.M.S. value, average value 

calculation for any general periodic waveform. 

Section 8: Electrical and Electronic Measurements Bridges and Potentiometers, Measurement of 

voltage, current, power, energy and power factor; Instrument transformers, Digital voltmeters and 

multimeters, Phase, Time and Frequency measurement; Oscilloscopes, Error analysis. 

Section 9: 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, Sallen Key, 

Butterworth, VCOs and timers, combinatorial and sequential logic circuits, multiplexers, 

demultiplexers, Schmitt triggers, sample and hold circuits, A/D and D/A converters. 

Section 10: Power Electronics Static V-I characteristics and firing/gating circuits for Thyristor, 

MOSFET, IGBT; DC to DC conversion: Buck, Boost and Buck-Boost Converters; Single and 

three-phase configuration of uncontrolled rectifiers; Voltage and Current commutated Thyristor 

based converters; Bidirectional ac to dc voltage source converters; Magnitude and Phase of line 

current harmonics for uncontrolled and thyristor based converters; Power factor and Distortion 

Factor of ac to dc converters; Single-phase and three-phase voltage and current source inverters, 

sinusoidal pulse width modulation. 

 

2. Computer Science and Engineering: 

 

Discrete Mathematics: Propositional and first order logic. Sets, relations, functions, partial order  

and lattices. Monoids, Groups. Graphs: connectivity, matching, coloring. Combinatorics: counting, 

recurrence relations, generating functions. 

Linear Algebra: Matrices, determinants, system of linear equations, eigenvalues and eigenvectors, 

LU decomposition. 

Calculus: Limits, continuity and differentiability. Maxima and minima. Mean value theorem. 

Integration. 

Probability and Statistics: Random variables. Uniform, normal, exponential, poisson and 

binomial distributions. Mean, median, mode and standard deviation. Conditional probability and 

Bayes theorem. 

Numerical Methods: Numerical solutions of linear and non-linear algebraic equations; integration 

by trapezoidal and Simpson’s rules; single and multi-step methods for differential equations 

Digital Logic: 

Boolean algebra. Combinational and sequential circuits. Minimization. Number representations and 

computer arithmetic (fixed and floating point). 

Computer Organization and Architecture: 

Machine instructions and addressing modes. ALU, data‐path and control unit. Instruction 

pipelining, pipeline hazards. Memory hierarchy: cache, main memory and secondary storage; I/O 

interface (interrupt and DMA mode). 

Programming and Data Structures: 

Programming in C. Recursion. Arrays, stacks, queues, linked lists, trees, binary search trees, binary 

heaps, graphs. 

 

 

 

 



Algorithms: 

Searching, sorting, hashing. Asymptotic worst case time and space complexity. Algorithm design 

techniques: greedy, dynamic programming and divide‐and‐conquer. Graph traversals, minimum 

spanning trees, shortest paths 

Operating System: 

System calls, processes, threads, inter‐process communication, concurrency and synchronization. 

Deadlock. CPU and I/O scheduling. Memory management and virtual memory. File systems. 

Databases: 

ER‐model. Relational model: relational algebra, tuple calculus, SQL. Integrity constraints, normal 

forms. File organization, indexing (e.g., B and B+ trees). Transactions and concurrency control. 

 

 
3. Material Science and Engineering 

 
              Mathematics 

 
Section 1: Linear Algebra Algebra of real matrices: Determinant, inverse and rank of a matrix; 

System of linear equations (conditions for unique solution, no solution and infinite number of 

solutions); Eigenvalues and eigenvectors of matrices; Properties of eigenvalues and eigenvectors 

of symmetric matrices, diagonalization of matrices; CayleyHamilton Theorem.  

Section 2: Calculus Functions of single variable: Limit, indeterminate forms and L'Hospital's rule; 

Continuity and differentiability; Mean value theorems; Maxima and minima; Taylor's theorem; 

Fundamental theorem and mean value theorem of integral calculus; Evaluation of definite and 

improper integrals; Applications of definite integrals to evaluate areas and volumes (rotation of a 

curve about an axis). Functions of two variables: Limit, continuity and partial derivatives; 

Directional derivative; Total derivative; Maxima, minima and saddle points; Method of Lagrange 

multipliers; Double integrals and their applications. Sequences and series: Convergence of 

sequences and series; Tests of convergence of series with non-negative terms (ratio, root and integral 

tests); Power series; Taylor's series; Fourier Series of functions of period 2π. 

Section 3: Vector Calculus Gradient, divergence and curl; Line integrals and Green's theorem. 

Section 4: Complex variables Complex numbers, Argand plane and polar representation of 

complex numbers; De Moivre’s theorem; Analytic functions; Cauchy-Riemann equations. Section 

5: Ordinary Differential Equations First order equations (linear and nonlinear); Second order linear 

differential equations with constant coefficients; Cauchy-Euler equation; Second order linear 

differential equations with variable coefficients; Wronskian; Method of variation of parameters; 

Eigenvalue problem for second order equations with constant coefficients; Power series solutions 

for ordinary points. 

Section 5: Partial Differential Equations Classification of second order linear partial differential 

equations; Method of separation of variables: One dimensional heat equation and two dimensional 

Laplace equation. 

Section 6: Probability and Statistics Axioms of probability; Conditional probability; Bayes' 

Theorem; Mean, variance and standard deviation of random variables; Binomial, Poisson and 

Normal distributions; Correlation and linear regression. 

Section 7: Numerical Methods Solution of systems of linear equations using LU decomposition, 

Gauss elimination method; Lagrange and Newton's interpolations; Solution of polynomial and 

transcendental equations by Newton-Raphson method; Numerical integration by trapezoidal rule 

and Simpson's rule; Numerical solutions of first order differential equations by explicit Euler's 

method. 

 

       Material Science 

 
1: Classification and Structure of Materials Classification of materials: metals, ceramics, polymers 

and composites. Nature of bonding in materials, metallic, ionic, covalent and mixed bonding; 

structure of materials, fundamentals of crystallography, symmetry operations, crystal systems, 

Bravais lattices, unit cells, primitive cells, crystallographic planes and directions; structures of 

metals, ceramics, polymers, amorphous materials and glasses. Defects in crystalline materials: 0- 

D, 1-D and 2-D defects; vacancies, interstitials, solid solutions in metals and ceramics, Frenkel and 



Schottky defects; dislocations; grain boundaries, twins, stacking faults; surfaces and interfaces. 

2: Thermodynamics, Kinetics and Phase Transformations Extensive and intensive thermodynamic 

properties, laws of thermodynamics, phase equilibria, phase rule, phase diagrams (unary and 

binary), basic electrochemistry. Reaction kinetics, fundamentals of diffusion, Fick’s laws, their 

solutions and applications. Solidification of pure metals and alloys, nucleation and growth, 

diffusional solid-state phase transformations (precipitation and eutectoid), martensitic 

transformation. 

3: Properties and Applications of Materials Mechanical properties of metals, ceramics, polymers 

and composites at room temperature; stress-strain response (elastic, anelastic and plastic 

deformation). Electronic properties: free electron theory, Fermi energy, density of states, elements 

of band theory, semiconductors, Hall effect, dielectric behaviour, piezo- and ferro-electric 

behaviour. Magnetic properties: Origin of magnetism in materials, para-, dia-, ferro- and ferri- 

magnetism. Thermal properties: Specific heat, heat conduction, thermal diffusivity, thermal 

expansion, and thermoelectricity. Optical properties: Refractive index, absorption and 

transmission of electromagnetic radiation. Examples of materials exhibiting the above properties, 

and their typical/common applications. 

4: Characterization and Measurements of Properties X-ray diffraction;spectroscopic techniques 

such as UV-Vis, IR and Raman; optical microscopy, electron microscopy, composition analysisin 

electron microscopes. Tensile test, hardness measurement. Electrical conductivity, carrier mobility 

and concentrations. Thermal analysis techniques: thermogravimetry and calorimetry. 

5: Processing of Materials Heat treatment of ferrous and aluminium alloys; preparation of ceramic 

powders, sintering; thin film deposition: evaporation and sputtering techniques, and chemical 

vapour deposition, thin film growth phenomena. 

6: Degradation of Materials Corrosion and its prevention; embrittlement of metals; polymer 

degradation 

 

 


