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Section 1: Engineering Mathematics

Iinear Algebra: Matrices and Detemminants, Systems of linear equations, Egen
valuesand Eigen vec tors.

Calculus: Limit, continuity and differentiability; Partial denvatives; Maxima and
minima; Sequencesand seres; Testforconvergence; Fourierseres.

Vector Calculus: Gradient; Divergence and Cud; Line, Surface and volume
integrals; Stokes, Gaussand Green’s theorems.

Differential Fyuations: Iinear and non-lnear fist order ODEs; Higher order lnear
ODEs with constant coefficients; Cauchy’'s and Eulers equations; laplace
transforms; PDEs -Iaplace, one dimensionalheatand wave equations.

Pobability and Statistics: Definitions of probability and sampling theorems,
conditional probability, Mean, median, mode and standard deviation; Random
vanables; Poisson, normal and binomial distrbutions; Conelation and regression
analysis.

Numerical Methods: Solutions of linear and non-lnear (Bisec tion, Sec ant, Ne wton-
Raphson methods) algebraic equations; integration by trapezoidal and Smpson’s
rule ; single and multi-ste p methods fordifferential e quations.

Section 2: Thermodynamics and Rate Processes

Iaws of themmodynamics, activity, equiibnum constant, applcations to
metallurgic al systems, solutions, phase equilbna, Hingham and phase stability
diagrams, thermodynamics of surfaces, interfaces and defects, adsorption and
segregation; basic kinetic laws, orderofreactions, rate constants and rate limiting
steps; principles of electro c hemistry- single electiode potential, electrochemical
cells and polanzations, aqueous comosion and protection of metals, galvanic
comosion, crevice comnosion, pitting comnosion, intergranular conosion, selective
leaching, oxidation and high temperature comosion —charactenzation and control;
heat transfer — conduction, convection and heat transfer coefficient relations,
radiation, mass transfer — diffusion and HcKs laws, mass transfer coefficients;
momentum transfer — concepts of viscosity, shell balances, Bemoullis equation,
fric tion fac tors.

Section 3: Extractive Metallurgy

Minerals of economic importance, comminution techniques, size classification,
flotation, gravity and other methods of mineral processing; agglomeration, pyro-,
hydrmo-, and electro-metallurgical processes; maternal and energy balances;
prnciples and processes for the extraction of non-ferrous metals — aluminium,
copper, zinc, lead, magnesium, nickel, titanium and other rare metals; iron and
steel making — principles, mole structure and properties of slags, metallurgical coke,
blast fumace, direct reduction processes, pimary and secondary steel making,
ladle metallurgy operations including deoxidation, de sulp hurnza tion, sulphide shape
control, mert gas rnnsing and vacuum reactors; secondary refining processes
including AOD, VAD, VOD, VAR and ESR; ingot and continuous casting; stainless
steelmaking, fumacesand refractores.
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Section 4: Physical Metallurgy

Crystal structure and bonding characternstics of metals, alloys, ceramics and
polymers, structure of surfaces and interfaces, nano-crystaline and amorphous
struc tures; solid solutions; solidification; phase transformation and bmary phase
diagrams; principles of heat treatment of steels, cast lon and aluminium alloys;
surface treatments; recovery, recrystalizaton and grain growth; structure and
properties of industrally mportant fermous and non-fermous alloys; elements of X-ray
and electron diffraction; principles of optical, scanning and transmission electron
microscopy; industial ceramics, polymers and composites; mtroduction to
electionic basisofthemal, optical, electricaland magnetic properties of matenals;
mtroduc tion to electronic and opto-electronic matenals.

Section 5: Mechanical Metallurgy

Hasticity, yield cnteria and plasticity; defects in crystals; elements of dislocation
theory — types of dislocations, slip and twinning, source and multiplication of
dislocations, stress fields amund dislocations, partial dislocations, dislocation
interactions and reactions; strengthening mechanisms; tensile, fatigue and creep
behavio ur; supeplasticity; frac ture — Guffith theory, basic concepts of linear elastic
and elastoplastic fracture mechanics, ductle to brnttle transition, fracture
toughness; failure analysis; mechanical testing — tension, compression, torsion,
hardness, impact, creep, fatigue, frac ture toughne ss and formab/lity.

Section 6: Manufacturing Processes

Metal casting — pattems and moulds including mould design involving feeding,
gating and nsenng, melting, casting practices in sand casting, pemanent mould
casting, mvestment casting and shell moulding, casting defects and repair; Hot,
wamm and cold working of metals; Metal forming — fundamentals of metal forming
processes of mlling, forging, extrusion, wire drawing and sheet metal forming,
defectsin forming; Metaljoining —solderng, brazing and welding, common welding
processes of shielded metal arc welding, gas metal arc welding, gas tungsten arc
welding and submerged arc welding; Welding metallurgy, problems associated
with welding of steels and aluminium alloys, defects in welded joints; Powder
metallurgy — production of powders, compaction and sintering; NDT using dye-
penetrant, ultrasonic, radiography, eddy cunment, acoustic emission and magne tic
particle methods.



