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Core Mechanical:  

Theory of Machines: Four bar linkage and link motion, Flywheels and fluctuation of energy, 

Power transmission by belts-V-belts and Flat belts. Gears-Type of gears, gear profile and gear 

ratio calculation. Cams.  

 

Engineering Mechanics and Strength of Materials: Laws of forces, Equilibrium of Forces, 

Moment of Inertia, Laws of motion. Friction. Concept of simple machines, M A, V R, %age. 

Concepts of stress and strain, Elastic limit and elastic constants. Bending moments and shear 

force diagram. Torsion in circular shafts. Columns: Euler’s and Rankine’s theories.  

 

Thermal Engineering: Thermodynamics: Heat, work and temperature, First and second laws of 

thermodynamics. Carnot, Rankine, Otto and Diesel Cycles. P-v & P-T diagrams H2O. Saturated, 

wet & superheated steam. Definition of dryness fraction of steam, degree of superheat of steam. 

 

Fluid Mechanics & Machinery: Properties & Classification of Fluids, Newton’s law of viscosity, 

Fluid Statics, Measurement of Fluid Pressure by Manometers, U-tube, Inclined tube. Fluid 

Kinematics: Stream line, laminar & turbulent flow, external & internal flow, continuity equation. 

Dynamics of ideal fluids: Bernoulli’s equation, Total head; Velocity head; Pressure head. 

Hydraulic Turbines & Centrifugal Pumps. 

 

Material Science & Production Engineering: Classification of Steels: mild steel & alloy steel. 

Heat treatment of steel. Welding – Arc Welding, Gas Welding, Resistance Welding, Special 

Welding Techniques i.e. TIG, MIG. Brazing & Soldering, Welding Defects & Testing. Foundry 

& Casting methods, defects, and different casting processes. Forging, Extrusion etc. Metal 

cutting principles, cutting tools. Basic Principles of machining with Lathe, Milling, Drilling, 

Shaping, Grinding. Machine tools & manufacturing processes. 

 

Metrology and Production Management: Tools used in Linear Measurements, Angular 

Measurement, Surface finish. Planning, Organizing, Leading, Controlling. Inventory Control, 

Inspection & Quality Control. 

 

General Paper: 

Physics 

Vector Analysis, Rotation of coordinate axis and transformation of vectors, Gradient of scalar 

field, divergence and curl of vector field in Cartesians, spherical polar and cylindrical coordinate 

systems, Gauss’s divergence theorem, Stokes’s theorem 

Collision of particles, Conservative and non-conservative forces, elastics and inelastic scattering, 

frames of references, laboratory and center of mass system, kinematics of elastic scattering in 

laboratory system, application of conservation theorem in solving collision and scattering 

problems. 

Vibration and Acoustics, Differential equation of simple harmonic motion, energy of simple 

harmonic oscillator, damped harmonic motion, energy dissipation, forced oscillations, amplitude 

and velocity resonance, sharpness of resonance, energy consideration in forced oscillations 
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Electromagnetic Theory: Coulombs law and Gauss’s theorem, calculation of electric field and 

potential, Biot - Savart’s law, Ampere’s theorem, divergence and curl of magnetic field, 

Faraday’s law 

Maxwell’s equation, electromagnetic wave equation in free space, its solution in one dimension 

and discussion, energy and momentum in electromagnetic wave, Introduction to plasma: Debye 

shielding, plasma parameter, plasma frequency  

Quantum Mechanics: De-Broglie Hypothesis, Davison Germer experiment, wave function and 

its properties, expectation value, quantum mechanical operator, Wave Packet, Normalisation 

factor, Uncertainty principle. Schrödinger Equation for free Particle, Schrödinger wave 

Equation; Time Dependent and Time Independent, Tunnelling effect and its example (Tunnel 

diode or alpha decay). 

Elementary Solid State Physics: Crystal lattice, Crystal structure, Unit cells, Miller Indices, 

Bravais lattice, Photographic crystal X-ray diffraction techniques. Classification of solids, 

formation of energy bands in metals, semiconductors and insulators, intrinsic and extrinsic 

semiconductors, Fermi energy. 

Diffraction: Optical diffraction techniques- Fresnel and Fraunhoffer diffraction. X-ray 

diffraction techniques (Single crystal and Polycrystalline materials)- Laue’s method, Powder 

method, Oscillation and Rotation method. 

Special theory of Relativity: Frames of reference, Michelson-Morley experiment, Basic 

postulates of special theory of relativity, Length contraction, time dilatation, Time-energy 

relation. 

Superconductivity: Meissner Effect, Type I and Type II Superconductors, BCS theory 

(Qualitative only), applications of superconductors. 

Lasers: Introduction, Principle of laser, Stimulated and spontaneous emission, Population 

inversion, Einstein coefficients, optical pumping, Resonant Cavity and its modes, He-Ne Laser, 

Ruby Laser, Semiconductor Lasers, Applications of Lasers. 

 

Mathematics 
Introduction to differential calculus, Leibnitz’s Theorem for nth derivative, Taylor’s theorem, 

Tangent and Normal, Partial Differentiation, Euler’s theorem, Double points, asymptotes, 

curvature and tracing of curves. .Limit, continuity and differentiability of functions of several 

variables, Chain rule, Jacobi theorem. Taylor’s theorem of one and two variables, extrema of 

functions, two or more variables using method of Lagrange’s multipliers. 

Ordinary differential equations: Exact ordinary differential Equations and Ordinary differential 

equations reducible to exact differential equations. Linear differential equations and equations 

reducible to linear form. Linear Differential equations of second and higher order with constant 

and variable coefficients. Non-linear differential equation of first order, Simultaneous 

differential equation, Simultaneous differential equation of the form dx/P = dy/Q = dz/R , 

Applications of ordinary differential equations,  

Algebraic Equation, Elements of the theory of polynomial equations. 

Fundamental theorem of Algebra, Relation between the roots and the coefficients of an equation, 

Solution of cubic & bi-quadratic equations 

Differential Equation: Partial differential equations of first order , langrage linear equation 

Standard form, Charpit`s Method to solve non- linear partial differential equation. 

Partial differential equations of second and higher, Homogeneous Partial Differential equations 

with constant coefficients, vibration of stretched flexible string, heat flow equation. Wave 
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equation, solutions by the method of separation of variables. Series solutions of ordinary 

differential equations 

Fourier Series : Fourier Series, Integral Calculus: Differential under the sign of integration. 

Double and triple integrals, change of variables, Beta and Gamma functions 

Matrices: Review of algebra of matrices, partitioning of Matrices , Hermitian and skew-

Hermitian Matrices. Orthogonal and unitary matrices, Triangular matrices, Rank of a matrix. 

Equivalent matrices, elementary transformations, Normal form 

Inverse of matrix (Different Methods) and solution of simultaneous equation by elementary 

operation. Normal form, Eigen values, and eigen vectors of a matrix. Caley- Hamilton theorem, 

Quadratic Form. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


