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Petroleum Engineering 

  

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

Petroleum Exploration: Classification and description of some common rocks with special reference to 

clastic and nonelastic reservoir rocks. Origin, migration and accumulation of Petroleum. Petroleum 

exploration methods.  

Oil and Gas Well Drilling Technology: Well planning. Drilling method. Drilling rigs Rig operating 

systems. Drilling fluids function and properties. Drilling fluid maintenance equipment. Oil & gas well 

cementing operations. Drill bit types and their applications. Drill string & Casing string function, operations, 

selection & design. Drilling problems, their control & remedies. Directional drilling tools. Directional 

survey. Application of horizontal, multilateral, extended reach, slim wells.  

Reservoir Engineering: Petrophysical properties of reservoir rocks. Coring and core analysis. Reservoir 

fluid properties. Phase behaviour of hydrocarbon system. Flow of fluids through porous media. Water and 

gas coning. Reservoir pressure measurements. Reservoir drives, drive mechanics and recovery factors. 

Reserve estimation & techniques.  

Petroleum Production Operations: Well equipments. Well completion techniques. Well production 

problems and mitigation. Well servicing & Workover operations. Workover & completion fluids. Formation 

damage. Well stimulation techniques. Artificial lift techniques. Field processing of oil & gas. Storage and 

transportation of petroleum and petroleum products. Metering and measurements oil & gas. Production 

system analysis & optimization. Production testing. Multiphase flow in tubing and flow-lines. Nodal system 

analysis. Pressure vessels, storage tanks, shell and tube heat exchangers, pumps and compressors, LNG 

value chain.  

Offshore Drilling and Production Practices: Offshore oil and gas operations & ocean environment. 

Offshore fixed platforms, Offshore mobile units, Station keeping methods like mooring & dynamic 

positioning system. Offshore drilling from fixed platform, jack-up, ships and semi submersibles. Use of 

conductors and risers. Offshore well completion. Deep water applications of subsea technology. Offshore 

production: Oil processing platforms, water injection platforms, storage, SPM and SBM transportation and 

utilities. Deep water drilling rig. Deep water production system. Emerging deep water technologies.  
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Petroleum Formation Evaluation: Evaluation of petrophysical of sub-surface formations: Principles 

applications, advantages and disadvantages of SP, resistivity, radioactive, acoustic logs and types of tools 

used. Evaluation of CBL/VDL, USIT, SFT, RFT. Production logging tools, principles, limitations and 

applications. Special type of logging tools. Casing inspection tools (principles, applications and limitations), 

Formations micro scanner (FMS), NMR logging principles. Standard log interpretation methods. Cross-

plotting methods.  

Oil and Gas Well Testing: Diffusivity equation, derivation & solutions. Radius of investigation. Principle 

of superposition. Horner’s approximation. Drill Stem Testing. Pressure Transient Tests: Drawdown and 

build up-test analysis. Wellbore effects. Multilayer reservoirs. Injection well testing. Multiple well testing. 

Interference testing, Pulse testing, well-test analysis by use of type curves. Gas well testing.  

Health Safety and Environment in Petroleum Industry: Health hazards in Petroleum Industry: Toxicity, 

Physiological, Asphyxiation, respiratory and skin effect of petroleum hydrocarbons, sour gases. Safety 

System: Manual & automatic shutdown system, blow down systems. Gas detection system. Fire detection 

and suppression systems. Personal protection system & measures. HSE Policies. Disaster & crisis 

management in Petroleum Industry. Environment: Environment concepts, impact on eco-system, air, water 

and soil. The impact of drilling & production operations on environment, Environmental transport of 

petroleum wastes. Offshore environmental studies. Offshore oil spill and oil spill control. Waste treatment 

methods.  

Enhanced Oil Recovery Techniques: Basic principles and mechanism of EOR, Screening of EOR process. 

Concept of pattern flooding, recovery efficiency, permeability heterogeneity. Macroscopic and microscopic 

displacement efficiency. EOR methods: Chemical flooding, Miscible flooding, Thermal recoveries (steam 

stimulation, hot water & steam flooding, in-situ combustion), Microbial EOR. Latest Trends in Petroleum 

Engineering: Coal bed methane, shale gas, oil shale, gas hydrate, and heavy oil.  

Application in Oil & Gas Business: Operation & maintenance of Surface facilities (Separator, heater 

treater, crude stabilization, Storage tank, static equipment, compressor & pumps etc.), Operation of  

Group gathering stations, offshore Platforms, Artificial lift technology (Gas lift, sucker rod pumps etc). 

Processing and recovery of value-added product (LPG, Naptha, C2, C3 etc.), Gas sweetening operations, 

Gas dehydration operations etc.  

Work over Rig operations, well head maintenance, Well completion & Testing etc. Various types of well 

stimulation services (hydro-fracturing, Nitrogen Job, Acid job).  

Project management, oil & gas pipeline, Health Safety & Environment related knowledge in oil & gas sector.  
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Mechanical Engineering 

Engineering Mathematics  

Linear Algebra: Matrix algebra, systems of linear equations, eigen values and eigen vectors.  

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.  

  

Applied Mechanics and Design  

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.  

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; 

concept of shear centre; 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.  

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.  

  

Fluid Mechanics and Thermal Sciences  

Fluid Mechanics: Fluid properties; fluid statics, 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; basics of compressible fluid flow.  
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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, Stefan- Boltzmann law, Wien's displacement law, black 

and grey surfaces, view factors, radiation network analysis  

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.  

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 

airconditioning: 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; steam and gas turbines.  

Materials, Manufacturing and Industrial Engineering  

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

stress-strain diagrams for engineering 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, jigs and fixtures; abrasive 

machining processes; NC/CNC machines and CNC programming.  

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

interferometry; form and finish measurement; alignment and testing methods; tolerance analysis in 

manufacturing and assembly; concepts of coordinate-measuring machine (CMM).  

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

manufacturing.  

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

materials requirement planning; lean manufacturing.  

Inventory Control: Deterministic models; safety stock inventory control systems.  

Operations Research: Linear programming, simplex method, transportation, assignment, network flow 

models, simple queuing models, PERT and CPM.  

  

Application in Oil & Gas Business  

Operation & maintenance of Surface facilities (Separator, heater treater, crude stabilization, Storage tank, 

static equipment, compressor & pumps etc.), Operation of Group gathering stations, offshore Platforms, 

Artificial lift technology (Gas lift, sucker rod pumps etc).  
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Processing and recovery of value-added product (LPG, Naptha, C2, C3 etc.), Gas sweetening operations, 

Gas dehydration operations etc.  

Work over Rig operations, well head maintenance, Well completion & Testing etc. Various types of well 

stimulation services (hydro-fracturing, Nitrogen Job, Acid job).  

Project management, oil & gas pipeline, Health Safety & Environment related knowledge in oil & gas sector.  
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Chemical Engineering 

Engineering 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.  

 Process Calculations and Thermodynamics  

Steady and unsteady state mass and energy balances including multiphase, multi-component, reacting and 

non-reacting systems. Use of tie components; recycle, bypass and purge calculations; Gibb’s phase rule and 

degree of freedom analysis.  

First and Second laws of thermodynamics. Applications of first law to close and open systems. Second law 

and Entropy. Thermodynamic properties of pure substances: Equation of State and residual properties, 

properties of mixtures: partial molar properties, fugacity, excess properties and activity coefficients; phase 

equilibria: predicting VLE of systems; chemical reaction equilibrium.  

Fluid Mechanics and Mechanical Operations  

Fluid statics, surface tension, Newtonian and non-Newtonian fluids, transport properties, shell- balances 

including differential form of Bernoulli equation and energy balance, equation of continuity, equation of 

motion, equation of mechanical energy, Macroscopic friction factors, dimensional analysis and similitude, 

flow through pipeline systems, velocity profiles, flow meters, pumps and compressors, elementary boundary 

layer theory, flow past immersed bodies including packed and fluidized beds, Turbulent flow: fluctuating 

velocity, universal velocity profile and pressure drop.  

Particle size and shape, particle size distribution, size reduction and classification of solid particles; free and 

hindered settling; centrifuge and cyclones; thickening and classification, filtration, agitation and mixing; 

conveying of solids.  

Heat Transfer  

Equation of energy, steady and unsteady heat conduction, convection and radiation, thermal boundary layer 

and heat transfer coefficients, boiling, condensation and evaporation; types of heat exchangers and 

evaporators and their process calculations; design of double pipe, shell and tube heat exchangers, and single 

and multiple effect evaporators.  

Mass Transfer  

Fick’s laws, molecular diffusion in fluids, mass transfer coefficients, film, penetration and surface renewal 

theories; momentum, heat and mass transfer analogies; stage-wise and continuous contacting and stage 
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efficiencies; HTU & NTU concepts; design and operation of equipment for distillation, absorption, leaching, 

liquid-liquid extraction, drying, humidification, dehumidification and adsorption, membrane separations 

(micro-filtration, ultra-filtration, nano- filtration and reverse osmosis).  

Chemical Reaction Engineering  

Theories of reaction rates; kinetics of homogeneous reactions, interpretation of kinetic data, single and 

multiple reactions in ideal reactors, kinetics of enzyme reactions (Michaelis-Mentenand Monod models), 

non-ideal reactors; residence time distribution, single parameter model; non- isothermal reactors; kinetics 

of heterogeneous catalytic reactions; diffusion effects in catalysis; rate and performance equations for 

catalyst deactivation.  

Instrumentation and Process Control  

Measurement of process variables; sensors and transducers; P&ID equipment symbols; process modeling 

and linearization, transfer functions and dynamic responses of various systems, systems with inverse 

response, process reaction curve, 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.  

Plant Design and Economics  

Principles of process economics and cost estimation including depreciation and total annualized cost, cost 

indices, rate of return, payback period, discounted cash flow, optimization in process design and sizing of 

chemical engineering equipments such as heat exchangers and multistage contactors.  

Chemical Technology  

Inorganic chemical industries (sulfuric acid, phosphoric acid, chlor-alkali industry), fertilizers (Ammonia, 

Urea, SSP and TSP); natural products industries (Pulp and Paper, Sugar, Oil, and Fats); petroleum refining 

and petrochemicals; polymerization industries (polyethylene, polypropylene, PVC and polyester synthetic 

fibers).  

Application in Oil & Gas Business    

Operation & maintenance of Surface facilities (Separator, heater treater, crude stabilization, Storage tank, 
static equipment, compressor & pumps etc.), Operation of Group gathering stations, offshore Platforms, 
Artificial lift technology (Gas lift, sucker rod pumps etc).  

Processing and recovery of value-added product (LPG, Naptha, C2, C3 etc.), Gas sweetening operations, 

Gas dehydration operations etc.  

Work over Rig operations, well head maintenance, Well completion & Testing etc. Various types of well 

stimulation services (hydro-fracturing, Nitrogen Job, Acid job).  

Project management, oil & gas pipeline, Health Safety & Environment related knowledge in oil & gas sector. 
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Instrumentation Engineering 

Engineering Mathematics  

Linear Algebra: Matrix algebra, systems of linear equations, consistency and rank, Eigenvalue and 

Eigenvectors.  

Calculus: Mean value theorems, theorems of integral calculus, partial derivatives, maxima and minima, 

multiple integrals, Fourier series, vector identities, line, surface and volume integrals, Stokes, Gauss and 

Green’s theorems.  

Differential Equations: First order equation (linear and nonlinear), second order linear differential 

equations with constant coefficients, method of variation of parameters, Cauchy’s and Euler’s equations, 

initial and boundary value problems, solution of partial differential equations: variable separable method.  

Analysis of Complex Variables: Analytic functions, Cauchy’s integral theorem and integral formula, 

Taylor’s and Laurent’s series, residue theorem, solution of integrals.  

Probability and Statistics: Sampling theorems, conditional probability, mean, median, mode, standard 

deviation and variance; random variables: discrete and continuous distributions: normal, Poisson and 

binomial distributions.  

Numerical Methods: Matrix inversion, solutions of non-linear algebraic equations, iterative methods for 

solving differential equations, numerical integration, regression and correlation analysis.  

Electricity and Magnetism  

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.  

Electrical Circuits and Machines 

Voltage and Current Sources: Independent, dependent, ideal and practical; v-i relationships of resistor, 

inductor, mutual inductance and capacitor; transient analysis of RLC circuits with dc excitation.  

Kirchoff’s laws, mesh and nodal analysis, superposition, Thevenin, Norton, maximum power transfer and 

reciprocity theorems.  

Peak-, average- and rms values of AC quantities; apparent-, active- and reactive powers; phasor analysis, 

impedance and admittance; series and parallel resonance, locus diagrams, realization of basic filters with R, 

L and C elements. transient analysis of RLC circuits with ac excitation.  

One-port and two-port networks, driving point impedance and admittance, open-, and short circuit 

parameters.  

Single Phase Transformer: Equivalent circuit, phasor diagram, open circuit and short circuit tests, 

regulation and efficiency; Three phase induction motors: principle of operation, types, performance, torque-

speed characteristics, no-load and blocked rotor tests, equivalent circuit, starting and speed control; Types 

of losses and efficiency calculations of electric machines.  

Signals and Systems  

Periodic, aperiodic and impulse signals; Laplace, Fourier and z-transforms; transfer function, frequency 

response of first and second order linear time invariant systems, impulse response of systems; convolution, 

correlation. Discrete time system: impulse response, frequency response, pulse transfer function; DFT and 

FFT; basics of IIR and FIR filters.  
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Control Systems  

Feedback principles, signal flow graphs, transient response, steady-state-errors, Bode plot, phase and gain 

margins, Routh and Nyquist criteria, root loci, design of lead, lag and leadlag compensators, state-space 

representation of systems; time-delay systems; mechanical, hydraulic and pneumatic system components, 

synchro pair, servo and stepper motors, servo valves; on-off, P, PI, PID, cascade, feed forward, and ratio 

controllers, tuning of PID controllers and sizing of control valves.  

Analog Electronics  

Characteristics and applications of diode, Zener diode, BJT and MOSFET; small signal analysis of transistor 

circuits, feedback amplifiers. Characteristics of ideal and practical operational amplifiers; applications of 

opamps: adder, subtractor, integrator, differentiator, difference amplifier, instrumentation amplifier, 

precision rectifier, active filters, oscillators, signal generators, voltage controlled oscillators and phase 

locked loop, sources and effects of noise and interference in electronic circuits.  

Digital Electronics  

Combinational logic circuits, minimization of Boolean functions. IC families: TTL and CMOS. Arithmetic 

circuits, comparators, Schmitt trigger, multi-vibrators, sequential circuits, flipflops, shift registers, timers 

and counters; sample-and-hold circuit, multiplexer, analogto-digital (successive approximation, integrating, 

flash and sigma-delta) and digital-toanalog converters (weighted R, R-2R ladder and current steering logic). 

Characteristics of ADC and DAC (resolution, quantization, significant bits, conversion/settling time); basics 

of number systems, Embedded Systems: Microprocessor and microcontroller applications, memory and 

input-output interfacing; basics of data acquisition systems, basics of distributed control systems (DCS) and 

programmable logic controllers (PLC).  

Measurements  

SI units, standards (R, L, C, voltage, current and frequency), systematic and random errors in measurement, 

expression of uncertainty - accuracy and precision, propagation of errors, linear and weighted regression. 

Bridges: Wheatstone, Kelvin, Megohm, Maxwell, Anderson, Schering and Wien for measurement of R, L, 

C and frequency, Q-meter. Measurement of voltage, current and power in single and three phase circuits; ac 

and dc current probes; true rms meters, voltage and current scaling, instrument transformers, timer/counter, 

time, phase and frequency measurements, digital voltmeter, digital multimeter; oscilloscope, shielding and 

grounding.  

Sensors and Industrial Instrumentation  

Resistive-, capacitive-, inductive-, piezoelectric-, Hall effect sensors and associated signal conditioning 

circuits; transducers for industrial instrumentation: displacement (linear and angular), velocity, acceleration, 

force, torque, vibration, shock, pressure (including low pressure), flow (variable head, variable area, 

electromagnetic, ultrasonic, turbine and open channel flow meters) temperature (thermocouple, bolometer, 

RTD (3/4 wire), thermistor, pyrometer and semiconductor); liquid level, pH, conductivity and viscosity 

measurement. 4- 20 mA two-wire transmitter.  

Communication and Optical Instrumentation  

Amplitude- and frequency modulation and demodulation; Shannon's sampling theorem, pulse code 

modulation; frequency and time division multiplexing, amplitude-, phase-, frequency-, quadrature 

amplitude, pulse shift keying for digital modulation; optical sources and detectors: LED, laser, photo-diode, 

light dependent resistor, square law detectors and their characteristics; interferometer: applications in 

metrology; basics of fiber optic sensing. UV-VIS Spectrophotometers, Mass spectrometer. 
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Geology 

Section 1  

Earth and planetary system – terrestrial planets and moons of the solar system; size, shape, internal structure 

and composition of the earth; concept of isostasy; elements of seismology – body and surface waves, 

propagation of body waves in the earth’s interior; Heat flow within the earth; Gravitational field of the Earth; 

geomagnetism and paleomagnetism; continental drift; plate tectonics – relationship with earthquakes, 

volcanism and mountain building; continental and oceanic crust – composition, structure and thickness.  

Weathering and soil formation; landforms created by river, wind, glacier, ocean and volcanoes. Basic 

structural geology - stress, strain and material response; brittle and ductile deformation; nomenclature and 

classification of folds and faults.  

Crystallography – basic crystal symmetry and concept of point groups. Mineralogy – silicate crystal 

structure and determinative mineralogy of common rock forming minerals.  

Petrology of common igneous, sedimentary and metamorphic rocks.  

Geological time scale; Geochronology and absolute time. Stratigraphic principles; major  

stratigraphic divisions of India. Mineral, coal and petroleum resources of India. Introduction to remote 

sensing. Engineering properties of rocks and soils. Elements of hydrogeology.  

Principles and applications of gravity, magnetic, electrical, electromagnetic, seismic and radiometric 

methods of prospecting for oil, mineral and ground water; introductory well logging.  

  

Section 2  

Geomorphology: Geomorphic processes and agents; development and evolution of landforms in 

continental and oceanic settings; tectonic geomorphology.  

Structural Geology: Forces and mechanism of rock deformation; primary and secondary structures; 

geometry and genesis of planar and linear structures (bedding, cleavage, schistosity, lineation); folds, faults, 

joints and unconformities; Stereographic projection; shear zones, thrusts and superposed folding; basement-

cover relationship. Interpretation of geological maps.  

Crystallography and Mineralogy: Elements of crystal symmetry, form and twinning; crystallographic 
projection; crystal chemistry; classification of minerals, physical and optical properties of rock- forming 

minerals.  

Geochemistry: Cosmic abundance of elements; meteorites; geochemical evolution of the earth; 

geochemical cycles; distribution of major, minor and trace elements in crust and mantle; elements of high 

temperature and low temperature geochemical thermodynamics; isotopic evolution of the crust and the 

mantle, mantle reservoirs; geochemistry of water and water-rock interaction.  

Igneous Petrology: Classification, forms, textures and genesis of common igneous rocks; magmatic 

differentiation; binary and ternary phase diagrams; major and trace elements as monitors of partial melting 

and magma evolutionary processes. Mantle plumes, hotspots and large igneous provinces. Sedimentology: 

Texture, structure and sedimentary processes; petrology of common sedimentary rocks; Sedimentary facies 

and environments, cyclicities in sedimentary succession; provencance and basin analysis. Important 

sedimentary basins of India.  

Metamorphic Petrology: Structures and textures of metamorphic rocks. Physico-chemical conditions of 

metamorphism and concept of metamorphic facies, grade and baric types; chemographic projections; 

metamorphism of pelitic, mafic and impure carbonate rocks; role of bulk composition including fluids in 

metamorphism; thermobarometry and metamorphic P-T-t paths, and their tectonic significance. 
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Paleobiology: Diversity of life through time, mass extinctions- causes and effects; taphonomy - processes 

of fossilization. Taxonomy. Morphology and functional morphology of invertebrates (bivalves, 

brachiopods, gastropods, echinoids, ammonites); microfossils (foraminifera, ostracoda, conodonts, 

bryozoa); Vertebrate paleonology (Equus, Probicidea, Human); Paleobotany (plant, spores, pollens). Basic 

concepts of ecology/paleoecology; classification - ecological and taxonomic schemes (diversity and 

richness). Fossils and paleoenvironments.  

Stratigraphy: Principles of stratigraphy and concepts of correlation; Lithostratigraphy, biostratigraphy and 

chronostratigraphy. Principles of sequence stratigraphy and applications. Stratigraphy of peninsular and 

extra-peninsular India. Boundary problems in Indian stratigraphy. 

Resource Geology: Ore-mineralogy; ore forming processes vis-à-vis ore-rock association (magmatic, 

hydrothermal, sedimentary, supergene and metamorphogenic ores); fluid inclusions as ore genetic tools. 

Coal and petroleum geology; marine mineral resources. Prospecting and exploration of economic mineral 

deposits - sampling, ore reserve estimation, geostatistics, mining methods. Ore dressing and mineral 

economics. Distribution of mineral, fossil and nuclear fuel deposits in India.  

Global Tectonics: Plate motions, driving mechanisms, plate boundaries, supercontinent cycles.  

Applied Geology: Physico-mechanical properties of rocks and soils; rock index tests; Rock failure criteria 

(Mohr-Coulomb, Griffith and Hoek-Brown criteria); shear strength of rock discontinuities; rock mass 

classifications (RMR and Q Systems); in-situ stresses; rocks as construction materials; geological factors in 

the construction of engineering structures including dams, tunnels and excavation sites. Analysis of slope 

stability.  

Natural hazards (landslide, volcanic, seismogenic, coastal) and mitigation. Principles of climate change. 

Hydrogeology: Groundwater flow and exploration, well hydraulics and water quality.  

Basic Principles of Remote Sensing: energy sources and radiation principles, atmospheric absorption, 

interaction of energy with earth’s surface, aerial-photo interpretation, multispectral remote sensing in 

visible, infrared, thermal IR and microwave regions, digital processing of satellite images. GIS – basic 

concepts, raster and vector mode operations.  


