
 PANDIT DEENDAYAL PETROLEUM UNIVERSITY 

M.Tech. Admission 2016 WAT syllabus  1/9 
 

Pandit Deendayal Petroleum University 

Written Aptitude Test for M. Tech. admissions 2016 

 
The Written Aptitude Test (WAT) will be of 02 hours duration, containing the Multiple Choice type 

questions. Each wrong answer for a 1 mark MCQ will result in a deduction of 0.25 marks. It shall 

further comprise of two parts, Part-I i.e. General Aptitude - applicable to every candidate irrespective of 

branch of M. Tech. admission, and Part-II shall be specific to the branch in which the admission is 

sought. 

 

Part-I 

General Aptitude (applicable to every candidate of all the branches): 

Syllabus 

Verbal Ability: English grammar, sentence completion, verbal analogies, word groups, instructions, 

critical reasoning and verbal deduction. 

Numerical Ability: Numerical computation, numerical estimation, numerical reasoning and data 

interpretation. 

 

Part-II 

i) Syllabus for candidates applying for M.Tech. (Chemical Engg.) 
 

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.  
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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, Newtonian and non-Newtonian fluids, shell-balances including differential form of 

Bernoulli equation and energy balance, Macroscopic friction factors, dimensional analysis and 

similitude, flow through pipeline systems, 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  

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 
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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 efficiencies; HTU & NTU concepts; design and operation of equipment for distillation, 

absorption, leaching, liquid-liquid extraction, drying, humidification, dehumidification and adsorption.  

 

Chemical Reaction Engineering  

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

multiple reactions in ideal reactors, non-ideal reactors; residence time distribution, single parameter 

model; non-isothermal reactors; kinetics of heterogeneous catalytic reactions; diffusion effects in 

catalysis.  

 

Instrumentation and Process Control  

Measurement of process variables; sensors, transducers and their dynamics, 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; 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 compressors, heat exchangers, 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; polymeriza 
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ii) Syllabus for candidates applying for M.Tech. ( Nuclear Engg. / 

Energy Systems & Tech. (Focused on Solar Energy) 

1. Section A -  Engineering Mathematics 

2. Any two of Following Sections B to G. 

� Section A: Engineering Mathematics (Compulsory) 

� Section B: Fluid Mechanics 

� Section C: Materials Science 

� Section D: Solid Mechanics 

� Section E: Thermodynamics 

� Section F: Control Systems 

� Section G: Electronic Devices 

 

Section A: Engineering Mathematics (Compulsory) 
Linear Algebra: Matrix Algebra, Systems of linear equations, Eigen values and Eigen vectors. 

 

Calculus: Mean value theorems, Theorems of integral calculus, Evaluation of definite and improper 

integrals, Partial Derivatives, Maxima and minima, Multiple integrals, Fourier series, Vector identities, 

Directional derivatives, Line, Surface and Volume integrals, Stokes, Gauss and Green’s theorems. 

 

Differential equations: First order equation (linear and nonlinear), Higher order linear differential 

equations with constant coefficients, Method of variation of parameters, Cauchy’s 

and Euler’s equations, Initial and boundary value problems, Partial Differential Equations and 

variable separable method. 

 

Complex variables: Analytic functions, Cauchy’s integral theorem and integral formula, Taylor’s and 

Laurent’ series, Residue theorem, solution integrals.  

 

Probability and Statistics: Sampling theorems, Conditional probability, Mean, median, mode and 

standard deviation, Random variables, Discrete and continuous distributions, Poisson, Normal and 

Binomial distribution, Correlation and regression analysis. 
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Numerical Methods: Solutions of non-linear algebraic equations, single and multi-step methods 

for differential equations. 

 

Transform Theory: Fourier Transform, Laplace Transform, Z-Transform. 

 

Section B: Fluid Mechanics 
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.  

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. 
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Section C: Materials Science 
Processing of Materials: Powder synthesis, sintering, chemical methods, crystal growth techniques, 

zone refining, preparation of nanoparticles and thin films  

 

Characterisation Techniques: X-ray diffraction, spectroscopic techniques like UV-vis, IR, Raman. 

Optical and Electron microscopy  

 

Structure and Imperfections: Crystal symmetry, point groups, space groups, indices of planes, close 

packing in solids, bonding in materials, coordination and radius ratio concepts, point defects, 

dislocations, grain boundaries, surface energy and equilibrium shapes of crystals  

 

Thermodynamics and Kinetics: Phase rule, phase diagrams, solid solutions, invariant reactions, lever 

rule, basic heat treatment of metals, solidification and phase transformations, Fick’s laws of diffusion, 

mechanisms of diffusion, temperature dependence of diffusivity  

 

Properties of Materials:  

Mechanical Properties: Stress-strain response of metallic, ceramic and polymer materials, yield 

strength, tensile strength and modulus of elasticity, toughness, plastic deformation, fatigue, creep and 

fracture  

 

Electronic Properties:Free electron theory, Fermi energy, density of states, elements of band theory, 

semiconductors, Hall effect, dielectric behaviour, piezo, ferro, pyroelectricmaterials  

 

Magnetic Properties: Origin of magnetism in metallic and ceramic materials, paramagnetism, 

diamagnetism, ferro and ferrimagnetism  

 

Thermal Properties: Specific heat, thermal conductivity and thermal expansion, thermoelectricity  

 

Optical Properties: Refractive index, absorption and transmission of electromagnetic radiation in 

solids, electrooptic and magnetooptic materials, spontaneous and stimulated emission, gas and solid 

state lasers  
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Material types: Concept of amorphous, single crystals and polycrystalline materials, crystallinity and 

its effect on physical properties, metal, ceramic, polymers, classification of polymers, polymerization, 

structure and properties, additives for polymer products, processing and applications, effect of 

environment on materials, composites  

 

Environmental Degradation: Corrosion, oxidation and prevention  

 

Elements of Quantum Mechanics and Mathematics: Basics of quantum mechanics, quantum 

mechanical treatment of electrical, optical and thermal properties of materials, analytical solid geometry, 

differentiation and integration, differential equations, vectors and tensors, matrices, Fourier series, 

complex analysis, probability and statistics 

 

Section D: Solid Mechanics 

 

Equivalent force systems; free-body diagrams; equilibrium equations; analysis of determinate trusses 

and frames; friction; particle kinematics and dynamics; dynamics of rigid bodies under planar motion; 

law of conservation of energy; law of conservation of momentum.  

Stresses and strains; principal stresses and strains; Mohr’s circle for plane stress and plane strain; 

generalized Hooke’s Law; elastic constants; thermal stresses; theories of failure.  

Axial, shear and bending moment diagrams; axial, shear and bending stresses; combined stresses; 

deflection (for symmetric bending); torsion in circular shafts; thin walled pressure vessels; energy 

methods (Castigliano’s Theorems); Euler buckling.  

Free vibration of single degree of freedom systems. 

 

Section E: Thermodynamics 
 
Basic Concepts: Continuum and macroscopic approach; thermodynamic systems (closed and open); 

thermodynamic properties and equilibrium; state of a system, state postulate for simple compressible 

substances, state diagrams, paths and processes on state diagrams; concepts of heat and work, different 

modes of work; zeroth law of thermodynamics; concept of temperature.  
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First Law of Thermodynamics: Concept of energy and various forms of energy; internal energy, 

enthalpy; specific heats; first law applied to elementary processes, closed systems and control volumes, 

steady and unsteady flow analysis.  

 

Second Law of Thermodynamics: Limitations of the first law of thermodynamics, concepts of heat 

engines and heat pumps/refrigerators, Kelvin-Planck and Clausius statements and their equivalence; 

reversible and irreversible processes; Carnot cycle and Carnot principles/theorems; thermodynamic 

temperature scale; Clausius inequality and concept of entropy; microscopic interpretation of entropy, the 

principle of increase of entropy, T-s diagrams; second law analysis of control volume; availability and 

irreversibility; third law of thermodynamics.  

 

Properties of Pure Substances: 

Thermodynamic properties of pure substances in solid, liquid and vapor phases; P-v-T behaviour of 

simple compressible substances, phase rule, thermodynamic property tables and charts, ideal and real 

gases, ideal gas equation of state and van der Waals equation of state; law of corresponding states, 

compressibility factor and generalized compressibility chart.  

 

Thermodynamic Relations:  

T-ds relations, Helmholtz and Gibbs functions, Gibbs relations, Maxwell relations, Joule-Thomson 

coefficient, coefficient of volume expansion, adiabatic and isothermal compressibilities, Clapeyron and 

Clapeyron-Clausius equations.  

 

Thermodynamic Cycles:  

Carnot vapor cycle, ideal Rankine cycle, Rankine reheat cycle, air-standard Otto cycle, air-standard 

Diesel cycle, air-standard Brayton cycle, vapor-compression refrigeration cycle.  

 

Ideal Gas Mixtures:  

Dalton’s and Amagat’s laws, properties of ideal gas mixtures, air-water vapor mixtures and simple 

thermodynamic processes involving them; specific and relative humidities, dew point and wet bulb 

temperature, adiabatic saturation temperature, psychrometric chart. 
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Section F: Control Systems 
Mathematical modeling and representation of systems, Feedback principle, transfer function, Block 

diagrams and Signal flow graphs, Transient and Steady‐state analysis of linear time invariant systems, 

Routh-Hurwitz and Nyquist criteria, Bode plots, Root loci, Stability analysis, Lag, Lead and Lead‐Lag 

compensators; P, PI and PID controllers; State space model, State transition matrix. 

 

Section G: Electronic Devices 
Energy bands in intrinsic and extrinsic silicon; Carrier transport: diffusion current, drift current, mobility 

and resistivity; Generation and recombination of carriers; Poisson and continuity equations; P-N 

junction, Zener diode, BJT, MOS capacitor, MOSFET, LED, photo diode and solar cell; Integrated 

circuit fabrication process: oxidation, diffusion, ion implantation, photolithography and twin-tub CMOS 

process. 

 

 


