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Section 1: Engineering Mathematics 

Linear Algebra: Matrix algebra, systems of linear equations, eigenvalues and eigenvectors. 
 

Calculus: Functions of single variable, limit, continuity and differentiability, mean value 

theorems, indeterminate forms; evaluation of definite and improper integrals; double and triple 

integrals; partial derivatives, total derivative, Taylor series (in one and two variables), maxima 

and minima, Fourier series; gradient, divergence and curl, vector identities, directional 

derivatives, line, surface and volume integrals, applications of Gauss, Stokes and Green’s 

theorems. 

Differential equations: First order equations (linear and nonlinear); higher order linear 

differential equations with constant coefficients; Euler-Cauchy equation; initial and boundary 

value problems; Laplace transforms; solutions of heat, wave and Laplace's equations. 

Complex variables: Analytic functions; Cauchy-Riemann equations; Cauchy’s integral theorem 

and integral formula; Taylor and Laurent series. 

Probability and Statistics: Definitions of probability, sampling theorems, conditional 

probability; mean, median, mode and standard deviation; random variables, binomial, Poisson 

and normal distributions. 

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. 

Section 2: Applied Mechanics and Design 
 

Engineering Mechanics: Free-body diagrams and equilibrium; trusses and frames; virtual work; 

kinematics and dynamics of particles and of rigid bodies in plane motion; impulse and 

momentum (linear and angular) and energy formulations, collisions. 

Mechanics of Materials: Stress and strain, elastic constants, Poisson's ratio; Mohr’s circle for 

plane stress and plane strain; thin cylinders; shear force and bending moment diagrams; bending 

and shear stresses; deflection of beams; torsion of circular shafts; Euler’s theory of columns; 

energy methods; thermal stresses; strain gauges and rosettes; testing of materials with universal 

testing machine; testing of hardness and impact strength. 



Theory of Machines: Displacement, velocity and acceleration analysis of plane mechanisms; 

dynamic analysis of linkages; cams; gears and gear trains; flywheels and governors; balancing of 

reciprocating and rotating masses; gyroscope. 

Vibrations: Free and forced vibration of single degree of freedom systems, effect of damping; 

vibration isolation; resonance; critical speeds of shafts, Vehicle Dynamics 

Machine Design: Design for static and dynamic loading; failure theories; fatigue strength and 

the S-N diagram; principles of the design of machine elements such as bolted, riveted and 

welded joints; shafts, gears, rolling and sliding contact bearings, brakes and clutches, 

springs,Automatic transmission. 

Section 3: Fluid Mechanics and Thermal Sciences 
 

Fluid Mechanics: Fluid properties; fluid statics, manometry, buoyancy, forces on submerged 

bodies, stability of floating bodies; control-volume analysis of mass, momentum and energy; 

fluid acceleration; differential equations of continuity and momentum; Bernoulli’s equation; 

dimensional analysis; viscous flow of incompressible fluids, boundary layer, elementary 

turbulent flow, flow through pipes, head losses in pipes, bends and fittings. Flow separation, 

introduction to turbulence, transition, structure of a turbulent boundary layer. 

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, Heisler's charts; thermal boundary layer, dimensionless parameters in free and forced 

convective heat transfer, heat transfer correlations for flow over flat plates and through pipes, 

effect of turbulence; heat exchanger performance, LMTD and NTU methods; radiative heat 

transfer, StefanBoltzmann law, Wien's displacement law, black and grey surfaces, view factors, 

radiation network analysis. 

Thermodynamics: Thermodynamic systems and processes; properties of pure substances, 

behaviour 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. 

Applications: Power Engineering: Air and gas compressors; vapour and gas power cycles, 

concepts of regeneration and reheat. I.C. Engines: Air-standard Otto, Diesel and dual cycles. 

Refrigeration and air-conditioning: Vapour and gas refrigeration and heat pump cycles; 

properties of moist air, psychrometric chart, basic psychrometric processes. Turbomachinery: 

Impulse and reaction principles, velocity diagrams, Pelton-wheel, Francis and Kaplan turbines. 

Thermodynamics of Aircraft Gas Turbine engines. 

Alternative fuels: Estimate of petroleum reserve, properties of alternate fuels, CNG, LPG, 

Alcohol, Vegetable oil, Bio-gas, ethanol and hydrogen - Production methods, storage and 

handling, safety aspects. 



 

Section 4: Materials, Manufacturing and Industrial Engineering 
 

Engineering Materials: Structure and properties of engineering materials, phase diagrams, heat 

treatment, stress-strain diagrams for engineering materials, powder metallurgy, composite 

materials. 

Casting, Forming and Joining Processes: Different types of castings, design of patterns, 

moulds and cores; solidification and cooling; riser and gating design. Plastic deformation and 

yield criteria; fundamentals of hot and cold working processes; load estimation for bulk (forging, 

rolling, extrusion, drawing) and sheet (shearing, deep drawing, bending) metal forming 

processes; principles of powder metallurgy. Principles of welding, brazing, soldering and 

adhesive bonding. 

Machining and Machine Tool Operations: Mechanics of machining; basic machine tools; 

single and multi-point cutting tools, tool geometry and materials, tool life and wear; economics 

of machining; principles of non-traditional machining processes; principles of work holding, 

design of jigs and fixtures. 

Metrology and Inspection: Limits, fits and tolerances; linear and angular measurements; 

comparators; gauge design; interferometry; form and finish measurement; alignment and testing 

methods; tolerance analysis in manufacturing and assembly. 

Computer Integrated Manufacturing:  Basic concepts of CAD/CAM and their integration 

tools. 

Production Planning and Control: Forecasting models, aggregate production planning, 

scheduling, materials requirement planning, Inventory Control, Operations Research. 
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(Common to AERO,AUTO &MECH) 

Section 1: Engineering Mathematics 

Linear Algebra: Matrix algebra, systems of linear equations, eigenvalues and eigenvectors. 
 

Calculus: Functions of single variable, limit, continuity and differentiability, mean value 

theorems, indeterminate forms; evaluation of definite and improper integrals; double and triple 

integrals; partial derivatives, total derivative, Taylor series (in one and two variables), maxima 

and minima, Fourier series; gradient, divergence and curl, vector identities, directional 

derivatives, line, surface and volume integrals, applications of Gauss, Stokes and Green’s 

theorems. 

Differential equations: First order equations (linear and nonlinear); higher order linear 

differential equations with constant coefficients; Euler-Cauchy equation; initial and boundary 

value problems; Laplace transforms; solutions of heat, wave and Laplace's equations. 

Complex variables: Analytic functions; Cauchy-Riemann equations; Cauchy’s integral theorem 

and integral formula; Taylor and Laurent series. 

Probability and Statistics: Definitions of probability, sampling theorems, conditional 

probability; mean, median, mode and standard deviation; random variables, binomial, Poisson 

and normal distributions. 

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. 

Section 2: Applied Mechanics and Design 
 

Engineering Mechanics: Free-body diagrams and equilibrium; trusses and frames; virtual work; 

kinematics and dynamics of particles and of rigid bodies in plane motion; impulse and 

momentum (linear and angular) and energy formulations, collisions. 

Mechanics of Materials: Stress and strain, elastic constants, Poisson's ratio; Mohr’s circle for 

plane stress and plane strain; thin cylinders; shear force and bending moment diagrams; bending 

and shear stresses; deflection of beams; torsion of circular shafts; Euler’s theory of columns; 

energy methods; thermal stresses; strain gauges and rosettes; testing of materials with universal 

testing machine; testing of hardness and impact strength. 



Theory of Machines: Displacement, velocity and acceleration analysis of plane mechanisms; 

dynamic analysis of linkages; cams; gears and gear trains; flywheels and governors; balancing of 

reciprocating and rotating masses; gyroscope. 

Vibrations: Free and forced vibration of single degree of freedom systems, effect of damping; 

vibration isolation; resonance; critical speeds of shafts, Vehicle Dynamics 

Machine Design: Design for static and dynamic loading; failure theories; fatigue strength and 

the S-N diagram; principles of the design of machine elements such as bolted, riveted and 

welded joints; shafts, gears, rolling and sliding contact bearings, brakes and clutches, 

springs,Automatic transmission. 

Section 3: Fluid Mechanics and Thermal Sciences 
 

Fluid Mechanics: Fluid properties; fluid statics, manometry, buoyancy, forces on submerged 

bodies, stability of floating bodies; control-volume analysis of mass, momentum and energy; 

fluid acceleration; differential equations of continuity and momentum; Bernoulli’s equation; 

dimensional analysis; viscous flow of incompressible fluids, boundary layer, elementary 

turbulent flow, flow through pipes, head losses in pipes, bends and fittings. Flow separation, 

introduction to turbulence, transition, structure of a turbulent boundary layer. 

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, Heisler's charts; thermal boundary layer, dimensionless parameters in free and forced 

convective heat transfer, heat transfer correlations for flow over flat plates and through pipes, 

effect of turbulence; heat exchanger performance, LMTD and NTU methods; radiative heat 

transfer, StefanBoltzmann law, Wien's displacement law, black and grey surfaces, view factors, 

radiation network analysis. 

Thermodynamics: Thermodynamic systems and processes; properties of pure substances, 

behaviour 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. 

Applications: Power Engineering: Air and gas compressors; vapour and gas power cycles, 

concepts of regeneration and reheat. I.C. Engines: Air-standard Otto, Diesel and dual cycles. 

Refrigeration and air-conditioning: Vapour and gas refrigeration and heat pump cycles; 

properties of moist air, psychrometric chart, basic psychrometric processes. Turbomachinery: 

Impulse and reaction principles, velocity diagrams, Pelton-wheel, Francis and Kaplan turbines. 

Thermodynamics of Aircraft Gas Turbine engines. 

Alternative fuels: Estimate of petroleum reserve, properties of alternate fuels, CNG, LPG, 

Alcohol, Vegetable oil, Bio-gas, ethanol and hydrogen - Production methods, storage and 

handling, safety aspects. 



 

Section 4: Materials, Manufacturing and Industrial Engineering 
 

Engineering Materials: Structure and properties of engineering materials, phase diagrams, heat 

treatment, stress-strain diagrams for engineering materials, powder metallurgy, composite 

materials. 

Casting, Forming and Joining Processes: Different types of castings, design of patterns, 

moulds and cores; solidification and cooling; riser and gating design. Plastic deformation and 

yield criteria; fundamentals of hot and cold working processes; load estimation for bulk (forging, 

rolling, extrusion, drawing) and sheet (shearing, deep drawing, bending) metal forming 

processes; principles of powder metallurgy. Principles of welding, brazing, soldering and 

adhesive bonding. 

Machining and Machine Tool Operations: Mechanics of machining; basic machine tools; 

single and multi-point cutting tools, tool geometry and materials, tool life and wear; economics 

of machining; principles of non-traditional machining processes; principles of work holding, 

design of jigs and fixtures. 

Metrology and Inspection: Limits, fits and tolerances; linear and angular measurements; 

comparators; gauge design; interferometry; form and finish measurement; alignment and testing 

methods; tolerance analysis in manufacturing and assembly. 

Computer Integrated Manufacturing:  Basic concepts of CAD/CAM and their integration 

tools. 

Production Planning and Control: Forecasting models, aggregate production planning, 

scheduling, materials requirement planning, Inventory Control, Operations Research. 
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Structure: Quantum theory: principles and techniques; applications to a particle in a box, 

harmonic oscillator, rigid rotor and hydrogen atom; valence bond and molecular orbital theories, 

Hückel approximation; approximate techniques: variation and perturbation; symmetry, point 

groups; rotational, vibrational, electronic, NMR, and ESR spectroscopy 

Equilibrium: Kinetic theory of gases; First law of thermodynamics, heat, energy, and work; 

second law of thermodynamics and entropy; third law and absolute entropy; free energy; partial 

molar quantities; ideal and non-ideal solutions; phase transformation: phase rule and phase 

diagrams – one, two, and three component systems; activity, activity coefficient, fugacity, and 

fugacity coefficient; chemical equilibrium, response of chemical equilibrium to temperature and 

pressure; colligative properties; Debye-Hückel theory; thermodynamics of electrochemical cells; 

standard electrode potentials: applications – corrosion and energy conversion; molecular 

partition function (translational, rotational, vibrational, and electronic). 

Kinetics: Rates of chemical reactions, temperature dependence of chemical reactions; 

elementary, consecutive, and parallel reactions; steady state approximation; theories of reaction 

rates – collision and transition state theory, relaxation kinetics, kinetics of photochemical 

reactions and free radical polymerization, homogeneous catalysis, adsorption isotherms and 

heterogeneous catalysis. 

INORGANIC CHEMISTRY 
 

Main group elements: General characteristics, allotropes, structure and reactions of simple and 

industrially important compounds: boranes, carboranes, silicones, silicates, boron nitride, 

borazines and phosphazenes. Hydrides, oxides and oxoacids of pnictogens (N, P), chalcogens (S, 

Se & Te) and halogens, xenon compounds, pseudo halogens and interhalogen compounds.Shapes 

of molecules and hard- soft acid base concept. Structure and Bonding (VBT) of B, Al, Si, N, P, 

Chemistry 

 

PHYSICAL CHEMISTRY 



S, Cl compounds. Allotropes of carbon: graphite, diamond, C60. Synthesis and reactivity of 

inorganic polymers of Si and P. 

Transition Elements: General characteristics of d and f block elements; coordination chemistry: 

structure and isomerism, stability, theories of metal- ligand bonding (CFT and LFT), 

mechanisms of substitution and electron transfer reactions of coordination complexes. Electronic 

spectra and magnetic properties of transition metal complexes, lanthanides and actinides. Metal 

carbonyls, metal- metal bonds and metal atom clusters, metallocenes; transition metal complexes 

with bonds to hydrogen, alkyls, alkenes and arenes; metal carbenes; use of organometallic 

compounds as catalysts in organic synthesis. Bioinorganic chemistry of Na, K. Mg, Ca, Fe, Co, 

Zn, Cu andMo. 

Solids: Crystal systems and lattices, miller planes, crystal packing, crystal defects; Bragg’s Law,  

ionic crystals, band theory, metals and semiconductors, Different structures of   AX,   AX2, 

ABX3 compounds, spinels. 

Instrumental methods of analysis: Atomic absorption and emission spectroscopy including 

ICP-AES, UV- visible spectrophotometry, NMR, mass, Mossbauer spectroscopy (Fe and Sn), 

ESR spectroscopy, chromatography including GC and HPLC and electro-analytical methods 

(Coulometry, cyclic voltammetry, polarography – amperometry, and ion selective electrodes). 

ORGANIC CHEMISTRY 
 

Stereochemistry: Chirality of organic molecules with or without chiral centres. Specification of 

configuration in compounds having one or more stereogeniccentres. Enantiotopic and 

diastereotopic atoms, groups and faces. Stereoselective and stereospecific synthesis. 

Conformational analysis of acyclic and cyclic compounds. Geometrical isomerism. 

Configurational and conformational effects on reactivity and selectivity/specificity. 

Reaction mechanism: Methods of determining reaction mechanisms. Nucleophilic and 

electrophilic substitutions and additions to multiple bonds. Elimination reactions. Reactive 

intermediates- carbocations, carbanions, carbenes, nitrenes, arynes, free radicals. Molecular 

rearrangements involving electron deficient atoms. 

Organic synthesis: Synthesis, reactions, mechanisms and selectivity involving the following- 

alkenes, alkynes, arenes, alcohols, phenols, aldehydes, ketones, carboxylic acids and their 

derivatives, halides, nitro compounds and amines. Use of compounds of Mg, Li, Cu, B and Si in 

organic synthesis. Concepts in multistep synthesis- retrosynthetic analysis, disconnections, 



synthons, synthetic equivalents, reactivity umpolung, selectivity, protection and deprotection of 

functional groups. 

Pericyclic reactions: Electrocyclic, cycloaddition and sigmatropic reactions. Orbital correlation, 

FMO and PMO treatments. 

Photochemistry: Basic principles. Photochemistry of alkenes, carbonyl compounds, and arenes. 

Photooxidation and photoreduction. Di-π- methane rearrangement, Barton reaction. 

Heterocyclic compounds: Structure, preparation, properties and reactions of furan, pyrrole, 

thiophene, pyridine, indole and their derivatives. 

Biomolecules: Structure, properties and reactions of mono- and di-saccharides, physicochemical 

properties of amino acids, chemical synthesis of peptides, structural features of proteins, nucleic 

acids, steroids, terpenoids, carotenoids, and alkaloids. 

Spectroscopy: Principles and applications of UV-visible, IR, NMR and Mass spectrometry in 

the determination of structures of organic molecules. 
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ENGINEERING MATHEMATICS 

Mathematical Logic: Propositional Logic; First Order Logic. 

Probability: Conditional Probability; Mean, Median, Mode and Standard Deviation; Random 

Variables; Distributions; uniform, normal, exponential, Poisson, Binomial. 

Set Theory & Algebra: Sets; Relations; Functions; Groups; Partial Orders; Lattice; Boolean 

Algebra. 

Combinatorics: Permutations; Combinations; Counting; Summation; generating functions; 

recurrence relations; asymptotics. 

Graph Theory: Connectivity; spanning trees; Cut vertices & edges; covering; matching; 

independent sets; Colouring; Planarity; Isomorphism. 

Linear Algebra: Algebra of matrices, determinants, systems of linear equations, Eigen values 

and Eigen vectors. 

Numerical Methods: LU decomposition for systems of linear equations; numerical solutions of 

non-linear algebraic equations by Secant, Bisection and Newton-Raphson Methods; Numerical 

integration by trapezoidal and Simpson’s rules. 

Calculus: Limit, Continuity & differentiability, Mean value Theorems, Theorems of integral 

calculus, evaluation of definite & improper integrals, Partial derivatives, Total derivatives, 

maxima & minima. 

COMPUTER SCIENCE AND INFORMATION TECHNOLOGY 

Computer Organization and Architecture: Machine instructions and addressing modes, ALU 

and data-path, CPU control design, Memory interface, I/O interface (Interrupt and DMA mode), 

Instruction pipelining, Cache and main memory, Secondary storage. 



Programming and Data Structures: Programming in C; Functions, Recursion, Parameter 

passing, Scope, Binding; Abstract data types, Arrays, Stacks, Queues, Linked Lists, Trees, 

Binary search trees, Binary heaps. 

Algorithms: Analysis, Asymptotic notation, Notions of space and time complexity, Worst and 

average case analysis; Design: Greedy approach, Dynamic programming, Divide-and-conquer; 

Tree and graph traversals, Connected components, Spanning trees, Shortest paths; Hashing, 

Sorting, Searching. Asymptotic analysis (best, worst, average cases) of time and space, upper 

and lower bounds, Basic concepts of complexity classes – P, NP, NP-hard, NP-complete. 

Theory of Computation: Regular languages and finite automata, Context free languages and 

Push-down automata, Recursively enumerable sets and Turing machines, Undecidability. 

Compiler Design: Lexical analysis, Parsing, Syntax directed translation, Runtime environments, 

Intermediate and target code generation, Basics of code optimization. 

Operating System: Processes, Threads, Inter-process communication, Concurrency, 

Synchronization, Deadlock, CPU scheduling, Memory management and virtual memory, File 

systems, I/O systems, Protection and security. 

Databases: ER-model, Relational model (relational algebra, tuple calculus), Database design 

(integrity constraints, normal forms), Query languages (SQL), File structures (sequential files,  

indexing, B and B+ trees), Transactions and concurrency control. 

Information Systems and Software Engineering: information gathering, requirement and 

feasibility analysis, data flow diagrams, process specifications, input/output design, process life 

cycle, planning and managing the project, design, coding, testing, implementation, maintenance. 

Computer Networks: ISO/OSI stack, LAN technologies (Ethernet, Token ring), Flow and error 

control techniques, Routing algorithms, Congestion control, TCP/UDP and sockets, IP(v4), 

Application layer protocols (icmp, dns, smtp, pop, ftp, http); Basic concepts of hubs, switches, 

gateways, and routers. Network security – basic concepts of public key and private key 

cryptography, digital signature, firewalls. 

Web technologies: HTML, XML, basic concepts of client-server computing. 
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Linear Algebra: Matrix algebra, Systems of linear equations, Eigen values and eigenvectors. 

Calculus: Functions of single variable, Limit, continuity and differentiability, 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: Analytic functions, Cauchy’s integral theorem, Taylor and Laurent series. 

Probability and Statistics: Definitions of probability and sampling theorems, Conditional 

probability, Mean, median, mode and standard deviation, Random variables, Poisson,Normal and 

Binomial distributions. 

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

Integration by trapezoidal and Simpson’s rule, single and multi-step methods for differential 

equations. 

STRUCTURAL ENGINEERING 
 

Mechanics: Bending moment and shear force in statically determinate beams. Simple stress and 

strain relationship: Stress and strain in two dimensions, principal stresses, stress transformation, 

Mohr’s circle. Simple bending theory, flexural and shear stresses, unsymmetrical bending, shear  

centre. Thin walled pressure vessels, uniform torsion, buckling of column, combined and direct 

bending stresses. 

Structural Analysis:Analysis of statically determinate trusses, arches, beams, cables and 

frames, displacements in statically determinate structures and analysis of statically indeterminate 

structures by force/ energy methods, analysis by displacement methods (slope deflection and 



moment distribution methods), influence lines for determinate and indeterminate structures. 

Basic concepts of matrix methods of structural analysis. 

Concrete Structures: Concrete Technology- properties of concrete, basics of mix design. 

Concrete design- basic working stress and limit state design concepts, analysis of ultimate load 

capacity and design of members subjected to flexure, shear, compression and torsion by limit  

state methods. Basic elements of prestressed concrete, analysis of beam sections at transfer and 

service loads. 

Steel Structures: Analysis and design of tension and compression members, beams and beam- 

columns, column bases. Connections- simple and eccentric, beam–column connections, plate 

girders and trusses.Plastic analysis of beams and frames. 

GEOTECHNICAL ENGINEERING 
 

Soil Mechanics:Origin of soils, soil classification, three-phase system, fundamental definitions, 

relationship and interrelationships, permeability &seepage, effective stress principle, 

consolidation, compaction, shear strength. Liquefication of soils. 

Foundation Engineering:Sub-surface investigations- scope, drilling bore holes, sampling, 

penetration tests, plate load test. Earth pressure theories, effect of water table, layered soils.  

Stability of slopes-infinite slopes, finite slopes. Foundation types-foundation design 

requirements. Shallow foundations-bearing capacity, effect of shape, water table and other 

factors, stress distribution, settlement analysisinsands & clays. Deep foundations–pile types, 

dynamic &static formulae, load capacity of piles in sands &clays, negative skin friction. 

WATER RESOURCES ENGINEERING 
 

Fluid Mechanics and Hydraulics: Properties of fluids, principle of conservation of mass, 

momentum, energy and corresponding equations, potential flow, applications of momentum and 

Bernoulli’s equation, laminar and turbulent flow, flow in pipes, pipe networks. Concept of 

boundary layer and its growth. Uniform flow, critical flow and gradually varied flow in channels,  

specific energy concept, hydraulic jump. Forces on immersed bodies, flow measurements in 

channels, tanks and pipes. Dimensional analysis and hydraulic modeling. Kinematics of flow, 

velocity triangles and specific speed of pumps and turbines. 

Hydrology: Hydrologic cycle, rainfall, evaporation, infiltration, stage discharge relationships, 

unit hydrographs, flood estimation, reservoir capacity, reservoir and channel routing. Well 

hydraulics. 



Irrigation: Duty, delta, estimation of evapo-transpiration. Crop water requirements. Design of: 

lined and unlined canals, waterways, head works, gravity dams and spillways. Design of weirs 

on permeable foundation. Types of irrigation system, irrigation methods. Water logging and 

drainage, sodic soils. 

ENVIRONMENTAL ENGINEERING 
 

Water requirements: Quality standards, basic unit processes and operations for water 

treatment. Drinking water standards, water requirements, basic unit operations and unit processes 

for surface water treatment, distribution of water. Sewage and sewerage treatment, quantity and 

characteristics of wastewater. Primary, secondary and tertiary treatment of wastewater, sludge 

disposal, effluent discharge standards. Domestic wastewater treatment, quantity of characteristics 

of domestic wastewater, primary and secondary treatment Unit operations and unit processes of 

domestic wastewater, sludge disposal. 

Air Pollution: Types of pollutants, their sources and impacts, air pollution, air pollution control, 

air quality standards and limits, meteorology 

Municipal Solid Wastes:Characteristics, generation, collection and transportation of solid 

wastes, engineered systems for solid waste management (reuse/ recycle, energy recovery, 

treatment and disposal). 

Noise Pollution: Impacts of noise, permissible limits of noise pollution, measurement of noise 

and control of noise pollution. 

TRANSPORTATION ENGINEERING 
 

Highway Planning: Geometric design of highways, testing and specifications of paving 

materials, design of flexible and rigid pavements. 

Traffic Engineering: Traffic characteristics, theory of traffic flow, intersection design, traffic 

signs and signal design, highway capacity. 

SURVEYING 
 

Importance of surveying, principles and classifications, mapping concepts, coordinate system, 

map projections, measurements of distance and directions, leveling, theodolite traversing, plane 

table surveying, errors and adjustments, curves. 
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Physics 

Mathematical Physics: Linear vector space; matrices; vector calculus; linear differential 

equations; elements of complex analysis; Laplace transforms, Fourier analysis, elementary ideas 

about tensors. 

Classical Mechanics: Conservation laws; central forces, Kepler problem and planetary motion; 

collisions and scattering in laboratory and centre of mass frames; mechanics of system of 

particles; rigid body dynamics; moment of inertia tensor; noninertial frames and pseudo forces; 

variational principle; Lagrange’s and Hamilton’s formalisms; equation of motion, cyclic 

coordinates, Poisson bracket; periodic motion, small oscillations, normal modes; special theory 

of relativity – Lorentz transformations, relativistic kinematics, mass-energy equivalence. 

Electromagnetic Theory: Solution of electrostatic and magnetostatic problems 

includingboundary value problems;dielectrics andconductors; Biot-Savart’s and Ampere’s laws; 

Faraday’s law; Maxwell’s equations; scalar and vector potentials; Coulomb and Lorentz gauges; 

Electromagnetic waves and their reflection, refraction, interference, diffraction and polarization. 

Poynting vector, Poynting theorem, energy and momentum of electromagnetic waves; radiation 

from a moving charge. 

Quantum Mechanics: Physical basis of quantum mechanics; uncertainty principle; Schrodinger 

equation; one, two and three dimensional potential problems; particle in a box, harmonic 

oscillator, hydrogen atom; linear vectors and operators in Hilbert space; angular momentum and 

spin; addition of angular momenta; time independent perturbation theory; elementary scattering 

theory. 

Thermodynamics and Statistical Physics: Laws of thermodynamics; macrostates and 

microstates; phase space; probability 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, critical point. 



Atomic and Molecular Physics: Spectra of one- and many-electron atoms; LS and jj coupling; 

hyperfine structure; Zeeman and Stark effects; electric dipole transitions and selection rules; X- 

ray spectra; rotational and vibrational spectra of diatomic molecules; electronic transition in 

diatomic molecules, Franck-Condon principle; Raman effect; NMR and ESR; lasers. 

Solid State Physics: Elements of crystallography; diffraction methods for structure 

determination; bonding in solids; elastic properties of solids; defects in crystals; lattice vibrations 

and thermal properties of solids; free electron theory; band theory of solids; metals, 

semiconductors and insulators; transport properties; optical, dielectric and magnetic properties of 

solids; elements of superconductivity. 

Nuclear and Particle Physics: Nuclear radii and charge distributions, nuclear binding energy, 

Electric and magnetic moments; nuclear models, liquid drop model – semi-empirical mass 

formula, Fermi gas model of nucleus, 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. 

Electronics: Network analysis; semiconductor devices; Bipolar Junction Transistors, Field 

Effect Transistors, amplifier and oscillator circuits; operational amplifier, negative feedback 

circuits ,active filters and oscillators; rectifier circuits, regulated power supplies; basic digital 

logic circuits, sequential circuits, flip-flops, counters, registers, A/D and D/A conversion. 



Various Universities offered, which is approved by UGC, GOVT. OF INDIA 

Ph.D in the following Disciplines / Specializations 

 

 
S.No. 

 
Department 

1 Biochemistry 

2 Bioinformatics 

3 Biotechnology 

4 Microbiology 

5 Chemistry 

6 Physics 

7 Mathematics 

8 Mass communication 

9 Computing Sciences 

10 Management Studies 

11 Commerce 

12 Economics 

13 ECE 

14 Mechanical Engineering 

15 Bio-Engineering [B.Tech Biotechnology] 

16 Tamil 

17 Hindi 

18 Pharmaceutical Sciences 

19 Music & Fine Arts 

20 Ocean Engineering 

21 Education 

22 CSE 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                       
 
 

Award of Degree 

Defense seminar (in presence of one external examiner) 

Explanation to comments from experts and submission to DC 

Evaluation by two experts (One Indian and one Foreign Examiner) 

Submission of thesis (within one month after Synopsis seminar) 

Synopsis Seminar (Draft thesis should be ready) 

Early submission (With additional quality 

papers and recommendation of DC) 

Pre-Synopsis seminar (6 DC + One unpaid Scopus journal paper minimum) 

Doctoral Committee Meetings (once in 6 months – January/July) 

Pre-Ph D course works (Summer/winter) 

Finalization of broad area of research 

Allotment of subjects (Minimum three –2 Core & 1 Common) 

Formation of Doctoral Committee 

Admission to Doctoral programme (All original certificates essential) 

Personal Interview 

Written Test - (UGC-NET qualified exempted) 

Scrutiny of applications 
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