Syllabus for Written Test

Mathematics

Linear Algebra: Matrix algebra, Systems of linear equations, Eigen values and
eigenvectors.

Calculus: Functions of single variable, Limit, continuity and differentiability, Taylor
series, Mean value theorems, Evaluation of definite and improper integrals, Partial
derivatives, Total derivative, Maxima and minima, Gradient, Divergence and Curl,
Vector identities, Directional derivatives, Line, Surface and Volume integrals, Stokes,
Gauss and Green'’s theorems.

Differential equations: First order equations (linear and nonlinear), Higher order linear
differential equations with constant coefficients, Cauchy’s and Euler’s equations, Initial
and boundary value problems, Laplace transforms, Solutions of one-dimensional heat
and wave equations and Laplace equation.

Complex variables: Complex number, polar form of complex number, triangle inequality.
Probability and Statistics: Definitions of probability and sampling theorems, Conditional
probability, Mean, median, mode and standard deviation, Random variables, Poisson,
Normal and Binomial distributions, Linear regression analysis.

Numerical Methods: Numerical solutions of linear and non-linear algebraic equations.
Integration by trapezoidal and Simpson’s rule. Single and multi-step methods for
numerical solution of differential equations.

Fundamentals of Electrical Engineering

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.

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

e 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),

Fundamentals of Mechanical Engineering

e Thermodynamics: Thermodynamic systems and processes; properties of pure
substances, behavior of ideal and real gases; zeroth and first laws of thermodynamics,
calculation of work and heat in various processes; second law of thermodynamics;
thermodynamic property charts and tables, availability and irreversibility;
thermodynamic relations.

e Heat-Transfer: Modes of heat transfer; one dimensional heat conduction, resistance
concept and electrical analogy, heat transfer through fins; unsteady heat conduction,
lumped parameter system

e Engineering Mechanics: Free-body diagrams and equilibrium; friction and its
applications including rolling friction, belt-pulley, brakes, clutches, screw jack, wedge,
vehicles, etc.; trusses and frames; virtual work; kinematics and dynamics of rigid bodies
in plane motion; impulse and momentum (linear and angular) and energy formulations;
Lagrange’s equation.

Fundamentals of Instrumentation and Control

e Measurement of process variables; sensors and transducers; P&ID equipment
symbols; System modeling and linearization, transfer functions and dynamic responses
of various systems, controller modes (P, PI, and PID); control valves; transducer
dynamics; analysis of closed loop systems including stability, frequency response,
controller tuning, cascade and feed forward control.

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

Fundamentals of Economics

e Principles of process economics and cost estimation including depreciation and total
annualized cost, cost indices, rate of return, payback period, discounted cash flow



