M. TECH. PROGRAMMES


· Environmental Engg. 

· Transportation Engg. 

· Water Resource Engg.

· Power System Engg.

· Electronics & Communication Engg. 

· Manufacturing Systems Engg.

· Non-Ferrous Metallurgy

· CAD in Structural Engg. 

INSTITUTE CORE COURSES FOR M.TECH. PROGRAMMES
	Teaching Scheme
	Contact Hours/Week
	Exam. Duration (Hrs.)
	Relative Weightage (%)

	S. No.
	Subject Code
	Course Title
	Subject Area
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	1. 
	MA-501A
	Advance Mathematics 
	PG-11
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	

	2. 
	MA-501B
	Advance Mathematics 
	PG-11
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	

	3. 
	MA-501C
	Advance Mathematics 
	PG-11
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	

	4. 
	MA-501D
	Advance Mathematics 
	PG-11
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	

	5. 
	MA-501E
	Advance Mathematics 
	PG-11
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	

	6. 
	MA-501F
	Advance Mathematics 
	PG-11
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	

	7. 
	MA-501G
	Design of Experiments 
	PG-11
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	

	8. 
	IC-502
	Simulation and Modeling
	PG-12
	04
	2
	1
	2
	3
	0
	20
	20
	20
	40
	

	9. 
	PH-501
	Solid Surfaces and Interfaces
	PG-16
	04
	3
	1
	0
	3
	0
	10
	0
	25
	65
	

	10. 
	HS-501
	Technical Communication
	PG-13
	02
	2
	0
	0
	3
	0
	0
	0
	0
	100
	

	11. 
	MT-514
	Industrial Heat Treatment
	PG-16
	4
	3
	1
	0
	3
	0
	10
	0
	25
	65
	


SYLLABI OF INSTITUTE CORE COURSES
MA-501A 
Advanced Course in Mathematics 


3L-1T-0S/ 4 credits


Statistics and Probability: Probability theory, Baye’s theorem, Binomial, Poisson and normal distributions, testing of hypothesis, Chi square test- goodness of fit, independence of two variables, student’s t-test, analysis of variance: F-test, correlation and regression, coefficient of correlation, rank correlation, lines of regression.
Stochastic Process:  Poisson process for discrete parameters, Markov chains, queing theory.

Numerical Analysis: Interpolation, finite differences-forward, backward and central differences, Newton’s formulae for forward differences and backward differences; Stirling’s formula for central differences, Numerical differentiation and integration- Simpsons one-third, Simpsons three- eighth rules and trapezoidal rule, Numerical solution of ODE of I order: Euler’s method, modified Euler’s method and Runga Kutta 4th order method, Milne’s method.

Complex Variables: Analytic functions, conformal mapping, Schwarz- Christoffel transformation.

MA-501B
Advanced Course in Mathematics 


3L-1T-0S/ 4 credits

Statistics and Probability: Probability theory , Baye’s theorem, Binomial, Poisson and normal distributions, testing of hypothesis, Chi square test- goodness of fit, independence of two variables, Student’s t-test, analysis of variance, F-test, correlation and regression, coefficient of correlation, rank correlation ,lines of regression.

Numerical Methods: Solution of linear system of equations- Gauss elimination method, Gauss-seidel method, Solution of other equations: Newton- Raphson method, Regula- Falsi method.

Numerical Analysis: Interpolation, finite differences-forward, backward and central differences, Newton’s formulae for forward differences and backward differences; Stirling’s formula for central differences, Numerical differentiation and integration- Simpsons one-third, Simpsons three- eighth and trapezoidal rules, Numerical solution of ODE of I order: Euler’s ,modified Euler’s and Runga  Kutta  4th order, Milne’s methods.

Numerical solution of PDE: Laplace equation in two dimensions, heat equation in one dimension, wave equation in one dimension, using finite difference methods.

Matrices: Rank of a matrix, solution of linear simultaneous equations, inverse of a matrix by elementary transformations, eigen values, eigen vectors, Cayley-Hamilton Theorem (without proof).

MA-501C Advanced Course in Mathematics 


3L-1T-0S/ 4 credits
Numerical Methods: Solution of linear system of equations- Gauss elimination ,Gauss-seidel methods, Solution of other equations, Newton- raphson method, Regula- falsi method.

Numerical Analysis: Interpolation, finite differences-forward, backward and central differences, Newton’s formulae for forward differences and backward differences; Stirling’s formula for central differences, Numerical differentiation and integration- Simpsons one-third, Simpsons three- eighth  and trapezoidal rules, Numerical solution of ODE of I order: Euler’s ,modified Euler’s and Runga Kutta 4th order and  Milne’s methods.

Numerical solution of PDE: Laplace equation in two dimensions, heat equation in one dimension, wave equation in one dimension, using finite difference methods.

Solution of these PDE by separation of variable method . 

Transforms: Laplace transforms of elementary functions, Shifting  theorems, transforms of derivatives. Differentiation and Integration of transforms. Heavisides’ unit step and Dirac Delta functions, Solution of ordinary linear differential  equations, Applications, Fourier transform. Fourier sine and cosine transforms, Fourier integral formula.

Calculus of Variations: Functionals, Euler equations for one and several variables;  isoperemetric  problems; Applications.

MA-501D
Advanced Course in Mathematics


3L-1T-0S/ 4 credits
Statistics and Probability: Probability theory , Baye’s theorem, Binomial, Poisson and normal distributions, testing of hypothesis, Chi square test- goodness of fit, independence of two variables, student t-test, analysis of variance, F-test, correlation and regression, coefficient of correlation, rank correlation ,lines of regression.
Stochastic Process:  Poisson process for discrete parameters, Markov chains, queing theory.

Calculus of Variations: Functionals, Euler equations for one and several variables; isoperimetric problems; Applications.

Optimization Techniques: Unconstrained optimization, optimization of functions of two variables, Lagrange’s multipliers, Linear programming-simplex method, Transportation problems, Assignment problems,

MA-501E
Advanced Course in Mathematics


3L-1T-0S/ 4 credits
Numerical solution of PDE: Laplace equation in two dimensions, heat equation in one dimension, wave equation in one dimension, using finite difference methods.

Solution of these PDE by separation of variable method . 

Algebra: Groups, Semi-groups, Subgroups and cosets. Congruence relations on groups. Morphisms, Normal sub groups. Structure of cyclic groups, permutation groups, dihedral groups. Ring, Integral domain, Field, Skew field, sub Ring  Ideals, Quotient Ring, Euclidean Domain.

Random Process: Classification of Random Process, Markov chains, Poisson process, Birth death processes. Estimating the transition probabilities of Markov chains, Queueing Models.

Testing of hypothesis: Null-hypothesis, Large and small Samples. Chi square test- goodness of fit, independence of two variables, student t-test, F-test.
Calculus of Variations: Functionals, Euler equations for one and several variables;  isoperemetric  problems; Applications.

MA-501F: Advanced Mathematics  



  3L-1T-0S/ 4 credits

Optimization Techniques: Linear Porgramming, Bounded and unbounded solutions, graphical method, simplex method (Big-M and two-phase methods), degeneracy, duality (relationship between primall and dual and their objective functions), post-optimal or sensitivity analysis, Lagrange Multipliers, Kuhn-Tuckcr conditions. Quadratic Programming: Wolfe's method, Beak's method. Unconstrained Nonlinear Algorithms : Direct search method, gradient method. Constrained Nonlinear Programming: penalty method.

Numerical Differentiation: Numerical differentiation using Newton's forward, backward and Sailing's interpolation formulae.

Numerical Integration: General quadrature formula. Trapezoidal rule, Simpson's rule, Simpson's three eight rule, Romberg integration. Solution of Differential Equations: Euler's method, improved Euler's method, Runge-Kutta method of second order. Runge-Kutta Method of fourth order.

MA 501 G: Design of Experiments 




 3L-1T-0S/ 4 credits

Estimation: Criteria for the best estimator, Point estimation, Interval estimation, Confidence interval of mean and variance, maximum error of estimates.

Testing of hypothesis: Comparison of sample mean and proportion for large samples. Testing of hypothesis for small samples based on students “t” test, paired “t” test, F test and X2 chi-square test. Testing of independents of attributes using X2  test.

Analysis of Variance (ANOVA): Concept of experiments, One-Way classification, Mathematical Analysis of Model. Two-way classification. Terminology of experimental design. Completely randomized designs. Factorial and split-Plot designs, Incomplete Blocks design Latin square design, analysis of covariance. Sums of products, analysis of covariance table. Two factor experiments. Multi-factor experiments. 2nd factor experiments. Fractional replication.

IC 502 Simulation And Modeling  



  

2L-1T-2S/ 4 credits

Definition of a system, System concepts, type of system, continuous & discrete systems, modeling process verification & validation.

Introduction of Probability Distributions and random processes, Central limit theorem.

Estimation of mean and variance, Confidence interval, Hypothesis testing, Normal distribution, t-test, ANOVA- an Introduction

Markov chains: CTMC and DTMC

Queuing models: Basic queuing models. Little’s Theorem and network of queues.

Introduction, classification of simulation models, advantages and disadvantages of simulation. Concept of simulation time and real time. Discrete system simulation. Monte Carlo method, Random number generators.

Simulation of inventory systems

Introduction to simulation environment and software tools.

Text/References:

1.   Principles of Operations Research, Wagner, PhI.

1. Simulation modeling and analysis, Law and Kelton, McGraw Hill.

2. Probability and Statistics with Reliability, Queuing and Computer Science Application, Kishore S Trivedi, Wiley.

3. System simulation, Gorden G., Prentice Hall of India.

Institute Elective (Inter-Departmental)

PH-501 Solid Surfaces and Interfaces


  

3L-1T-0S/ 4 credits

Morphlogy and structure of surface and interfaces, surface energy, relaxation, reconstruction and defects on surfaces, two-dimensional lattices, superstructure, structural models of surfaces, nucleation and growth of thin films, epitaxial films.

Methods of preparing clean surfaces, Ultra-high vacuum( UHV) . Production and measurement, cleavage, ion bombardment and annealing in UHV, molecular beam epitaxy (MBE)

Adsorption on surface: Physisorption, chemi-sorption, space-charge layers at semi-conductor interfaces, Schottky barrier, surface modification and engineering 

Characterisation of surfaces, analytical techniques: SEM/LEED/XPS/AES

SIMS /STM /AFM /Work function measurements (Kelvin probe)

Books recommended:

Hans Luth, Surface and Interface of Solids, Spinger-Verlag, Berlin

M.C. Desjonquenes and D. Spanjaard, Concepts in Surface Physics, Springer Ser. Surf. Sci. Vol. 30 (Springer Berlin 1993)

A. Zangiull, Physics at Surfaces (Cambridge Univ. Press) Cambridge 1988

Inter-Departmental electicve for M.Tech: for Metallurgy, Electronics and Communication Engg.

HS-501 Technical Communication 


  

3L-0T-0/ 2 credits

1. Letters & Resume Writing: Memos Letters of enquiry, cover, complaints, adjustments, sales Resume, writing along with letter of application.

2. Presentation Skills: Types of presentation, audience recognition preparing presentations: developing presentation, skills for seminar, thesis presentations and report presentation.

3. Interview Skills: Types of interviews preparing for interviews, about the organization etc. FAQs; Mock interview drills.

4. Group Discussion: Developing group communication skills through GD, case studies and role-play.

5. Vocabulary Building: Usage and origin of words.

Reference Book:

Gerson, J. Sharori: Technical writing, process and product, Pearson Education Reprint 2004

Betty Kirkpatrick: The concise Oxford Thesaurus. OUP, 24th Impression 2003.

MT-514 Industrial Heat Treatment        



 3L-1T-0P/Cr.4

Important heat treatment operations given to alloys. Effect of heat treatment on microstructure and properties. Thermomechanical heat treatment.

Heat treatment furnaces, Furance atmospheres and their control. Heat treatment defects, specific heat treatments for specific applications such as wear, magnetic, high temerature applications for specific alloys.

References:

Wear Resistance of Metals and Alloys: G.R. Kingsbuley, American Sciety of Metals.

The Super Alloys: C.T. Sims and W.C.Hagel 

Light Alloys : Metallurgy of Light Metals – I.J.Polmsur

DEPARTMENT OF CIVIL ENGINEERING

Proposed scheme of M. Tech. Programme (Environmental Engg.) Full Time

ACADEMIC CURRICULUM

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative 

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	I SEMESTER

	1.
	MA501A
	Advanced Mathematics
	PG-11
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	2.
	CE-503
	Unit Processes (Dept. Core)
	PG-14
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	3.
	
	Major Elective-I
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	4.
	
	Major Elective-II
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	5.
	
	Major Elective-III
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	6.
	
	Minor Elective-I
	PG-16
	
	
	
	
	
	
	
	
	
	
	

	
	
	SUB TOTAL
	
	22-24
	
	
	
	
	
	
	
	
	
	

	List of Major Electives
	

	1.
	CE-512
	Design of Env. Structures
	PG-15
	4
	3
	1
	
	3
	
	25
	
	25
	50
	

	2.
	CE-505
	Air and Noise Pollution
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	3.
	CE507
	Env. Lab. -1
	PG-15
	2
	
	
	3
	
	2
	
	50
	
	
	50

	4.
	CE504
	EIA
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	5.
	CE506
	Industrial Waste Treatment
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	List of Minor Electives

	1.
	
	Any course from other          M. Tech. Programme
	PG-16
	
	
	
	
	
	
	
	
	
	
	

	2.
	
	Any course from other          M. Tech. Programme
	PG-16
	
	
	
	
	
	
	
	
	
	
	

	II SEMESTER 

	1.
	IC-502/ CE501
	Simulation & Modelling
	PG-12
	4
	2
	1
	2
	3
	
	20
	20
	20
	40
	

	2.
	
	Major Elective-IV
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	3.
	
	Major Elective-V
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	4.
	
	Major Elective-VI
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	5
	
	Major Elective-VII
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	6
	
	Minor Elective-II
	PG-16
	
	
	
	
	
	
	
	
	
	
	

	
	
	SUB TOTAL
	
	22-24
	
	
	
	
	
	
	
	
	
	

	List of Major Electives
	

	1.
	CE-508
	Solid and Hazardous Waste Mgt.
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	2.
	CE-509
	Env. Lab.-2
	PG-15
	2
	
	
	3
	
	2
	
	50
	
	
	50

	3.
	CE-502
	Air and Water Quality Modeling 
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	
	

	4.
	CE-510
	Environment and Health
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	5.
	CE-511
	Management in WATSAN Sector
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	List of Minor Electives

	1.
	
	Any course from other M.Tech. programme
	PG-16
	
	
	
	
	
	
	
	
	
	
	

	2.
	
	Any course from other M. Tech. programme
	PG-16
	
	
	
	
	
	
	
	
	
	
	

	III SEMESTER 

	1.
	CE-602
	Seminar
	PG-19
	4
	--
	--
	-
	--
	-
	-
	60
	-
	-
	40

	2.
	CE-601
	Project
	PG-18
	4
	2
	
	
	
	
	
	60
	
	
	40

	3.
	CE-603
	 Dissertation 

Continued upto Fourth Semester
	PG-20
	16
	
	
	
	
	
	
	
	
	
	

	
	
	SUB TOTAL
	
	24
	2
	
	
	
	
	
	
	
	
	

	IV SEMESTER 

	1.
	
	Additional Interdepartmental Course
	PG-17
	4
	
	
	
	
	
	
	
	
	
	

	2.
	
	Dissertation
	PG-20
	16
	
	
	
	
	
	
	
	
	
	100

	
	
	SUB TOTAL
	
	20
	
	
	
	
	
	
	
	
	
	


Proposed scheme of M. Tech. Programme (Environmental Engg.) Part Time

ACADEMIC CURRICULUM

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative 

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	I SEMESTER 

	1.
	MA501A
	Advanced Mathematics
	PG-11
	4
	3
	1
	0
	3
	
	20
	
	20
	60
	

	2.
	CE-503
	Unit Processes
	PG-14
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	3.
	
	Major Elective-I
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	4.
	
	Major Elective-II
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	
	
	SUB TOTAL
	
	14-16
	
	
	
	
	
	
	
	
	
	

	List of Major Electives
	

	1.
	CE-505
	Air and Noise Pollution
	PG-15
	4
	3
	1
	
	3
	
	25
	
	25
	50
	

	2.
	CE-507
	Env. Lab. -1
	PG-15
	2
	
	
	3
	
	2
	
	50
	
	
	50

	3.
	CE512
	Design of Env. Structures
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	II SEMESTER 

	1.
	IC-502/ CE-501
	Simulation & Modelling
	PG-12
	4
	2
	1
	2
	3
	
	20
	20
	20
	40
	

	2.
	
	Major Elective-III
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	3.
	
	Major Elective-IV
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	4.
	
	Major Elective-V
	PG-15
	
	
	
	
	
	
	
	
	
	
	

	
	
	SUB TOTAL
	
	14
	
	
	
	
	
	
	
	
	
	

	List of Major Electives
	

	1.
	CE508
	Solid and Hazardous Waste Mgt.
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	2.
	CE509
	Env. Lab.-2
	PG-15
	2
	
	
	3
	
	2
	
	50
	
	
	50

	3.
	CE-511
	Management in WATSAN Sector
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	III SEMESTER 

	1.
	
	Major Elective-VI
	PG-15
	4
	3
	1
	0
	3
	
	
	
	
	
	

	2.
	
	Minor Elective-I
	PG-16
	4
	3
	1
	0
	3
	
	
	
	
	
	

	
	
	SUB TOTAL
	
	8
	
	
	
	
	
	
	
	
	
	

	List of Minor Electives
	

	1.
	
	Any course from other M. Tech. Programme
	PG-16
	
	
	
	
	
	
	
	
	
	
	

	2.
	
	Any course from other M. Tech. Programme
	PG-16
	
	
	
	
	
	
	
	
	
	
	

	List of Major Electives
	

	1.
	CE-504
	EIA
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	2.
	CE-506
	Industrial Waste Treatment
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	


	IV SEMESTER 
	

	1.
	
	Major Elective-VII
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	2.
	
	Minor Elective-II
	PG-16
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	
	
	SUB TOTAL
	
	8
	
	
	
	
	
	
	
	
	
	

	List of Major Electives

	1.
	CE-510
	Environment and Health
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	2.
	CE-502
	AQM
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	List of Minor Electives

	1.
	
	Any course from other M. Tech. Programme
	PG-16
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	

	2.
	
	Any course from other M. Tech. Programme
	PG-16
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	


	V SEMESTER 

	1.
	
	Seminar
	PG-19
	4
	
	
	
	
	
	
	60
	
	
	40

	2.
	
	Project
	PG-18
	4
	2
	0
	0
	3
	
	
	60
	
	
	40

	3.
	
	 Dissertation 

Continued upto Fourth Semester
	PG-20
	16
	
	
	
	
	
	
	
	
	
	

	
	
	SUB TOTAL
	
	24
	2
	
	
	
	
	
	
	
	
	


	VI SEMESTER 

	1.
	
	Additional Interdepartmental Course
	PG-17
	4
	3
	1
	0
	
	
	
	
	
	
	

	2.
	
	Dissertation
	PG-20
	16
	
	
	
	
	
	
	
	
	
	100

	
	
	SUB TOTAL
	
	20
	3
	1
	0
	
	
	
	
	
	
	


Detailed Syllabi of Various Subjects

CE 501 Optimization Techniques and Computer Application
   

   Cr. 4: (3-1-0)

Classification and formulation of optimization problems, classical optimization methods: Differential calculus, Langrangian theory, Khun Tucken conditions, unconstrained minimization, fibannacci. Golden section and quadratic interpolation methods. Multidimensional minimization. Univariate, conjugate direction and gradient methods. Constrained minimization techniques. Penally function methods, feasible direction and gradient projection methods and simulation 

Introduction to genetic algorithm, goal programming and simulation. 

CE 502  Air and Water Quality Management



       Cr. 4: (3-1-0)

Water quality criteria; objectives and steps in water quality management; analysis of water quality system; Modeling approaches to water quality system; Planning sampling networks and schedules for monitoring of water quality; Sample collection and analysis.

 Air Quality Models: Diffusion model, Gaussian dispersion model, evaluation of stability parameters, model for line sources, area sources, plum rise equations, dry deposition models, evaluation and experimental verification of plume models.

Air monitoring survey networks, siting criteria; Principles and techniques for ambient and stack sampling; Principles & Methods of monitoring particulate and gaseous air pollutants; Chemical and size analysis of particulates, Guidelines for setting of industries, Stack emission standards, ambient air quality standards.

CE 503 Unit Processes                                            



      Cr. 4: (3-1-0)

General Chemistry- Henry’s law, activity & activity coefficient, Solubility product, common ion effect, Diverse ion effect, Coagulation; Flocculation; Settling; Filtration; Disinfection; Aeration and gas transfer process; Adsorption

Basics of biochemistry- EMP & TCA cycles, Electron transport mechanism; Enzyme-substrate reactions, Continuous flow stirred tank reactor, Plug flow reactor; Fundamental of Microbiology, Nutritional requirements, Environmental effects on microbial growth, Wastewater characteristics, Physical, chemical and biological characteristics of sewage; Kinetic relationships from microbiology applied for process design; Activated sludge Process and its modifications; Aeration and aeration systems; Treatment ponds and aerated lagoons; Trickling filters; Rotating biological contactors; Anaerobic digestion; Nitrification & De-nitrification.

CE 504 Environmental Impact Assessment 




Cr. 4: (3-1-0)

Basic Concept of EIA, EIS and EMP; Prediction and assessment of impacts on air, water, biota, noise, cultural and socioeconomic environment; Rapid and comprehensive EIAs. Case studies.

CE 505 Air and Noise Pollution                                            

   Cr. 4: (3-1-0)

Sources of air pollution; Classification of aerosols, Gases vapors, natural pollutants; Properties of air pollutants; Meteorological factors influencing dispersion of air pollutants; Gaussian plume model for dispersion of air pollutants and its applications; Effects on man, material, vegetation, art treasure; Air pollution disasters; Economic Effects of air pollution; Global Effects of Air pollution; Air pollution Due to Automobiles and emission control; General concept of transport planning for prevention of air pollution; Control technology for particulate and gaseous pollutants.

Basics of noise Pollution; Measurement of noise; permissible noise levels in different zones; Effects of noise.

CE 506  Industrial Waste Treatment 





Cr. 4: (3-1-0) 

Problems of industrial wastewater in India; Effects of Discharges of Industrial Waste on Receiving Bodies of water, land and Sewer; Effluent and stream standards; Environmental legislation and standards related to industrial waste; Industrial treatment Processes; Inventorization and treatment of Industrial Wastewater generated from Textile (cotton and Synthetic) Tannery, Pulp and Paper, Dairy, metal Plating (Chromium and Cyanide problem), Slaughter House, Distillery, dying and Printing, fertilizer, Copper & cement Industry; Potentials for Wastewater Recycle and Reuse in industries; Concept of Common effluent treatment plants.

CE 507
Environmental Lab  - 1





Cr. 2: (0-0-2)

Water quality: principles of measurement and testing of water for parameters like pH, TDS, NO​3 , PO4-P, Hardness, Turbidity, residual chlorine, breakpoint chlorination, DO, Chlorides, Jar test for coagulant dosing.

Waste water quality:  COD,BOD,TOC,SS,VSS, heavy metals using AAS, Color Measurement and its removal using O3 ,  Microscopy.

CE 508 Solid and Hazardous Waste Management 



Cr. 4: (3-1-0)

Problems Associated with Solid Waste Disposal; Generation of Solid Wastes; Classification of Solid; Characteristics of Solid Waste; Analysis of Solid Waste; Onsite Handling, Storage and Processing of solid waste; Solid Waste collection Systems; Options for Transfer and Transport Systems; Processing and Disposal Methods; Recovery of Resources, Conversion Products  and Energy generation from solid waste.

Hazardous waste definition; Environmental Legislation; Risk associated with hazardous waste  & its Assessment; Waste Minimization; Priorities in hazardous waste management; hazardous waste treatment.

CE 509 Environmental Lab – 2                                  Cr. 2: (0-0-2)

Air quality: Air for SPM,RSPM, NO2 & SO2 using High volume sampler, CO, NOX , SO2      using continuous analysers.Noise measurement using SLM 

Use of softwares like LOOP,SEWER,CALINE etc.
CE 510 Environment & Health 






Cr. 4: (3-1-0)

Contamination of drinking water and its effect on human health; Concept of indicator organism; Problems of water quality in Rajasthan; Water quality standards; Water quality indices; Ambient air quality and its effect on human health; Sources of air pollution; different air pollutants and their impact on respiratory system; Air quality standards; Air quality indices; Indoor air quality and its effect on human health; Sources of indoor air pollution; WHO guideline values for indoor air quality; Noise pollution and its impact on human health; Standards for ambient and occupational noise; Noise pollution indices; Solid waste disposal and its effects on human health; Solid waste and rodent control; arthropod-borne diseases;

Design of studies to establish cause-effect relationship between environmental quality and health; Management of environmental quality to reduce impact on health

 CE 511 Management in Water and Sanitation (WATSAN) Sector     

  Cr. 4: (3-1-0)

Management and the Indian WATSAN Sector; Institutional analysis & Development, some case studies; Techniques for Capital Budgeting and Investment Analysis; Financial Accounting; Financial Ratios and Tariff Calculation, CAFÉ principle; Logical Framework; SWOT Analysis; Customer services and Marketing; Private Sector Participation; Human Resources Management in WATSAN Sector; Change Management; Services for the Urban Poor; Managing unaccounted for water; Introduction to environmental economics.

CE512 Design of  Environmental  Structures 



     Cr. 4: (3-1-0)

Conduit: Stresses in pipes, strength of conduits, design of concrete and steel pipe for internal and external loads, anchor blocks.

Tanks : Underground tanks, retaining wall and floor junction Rectangular and circular tanks in R.C.C and steel intz tanks. Steel  and concrete staging.

Treatment Units ; Clarifiers, flocculator, Filter house, Hopper bottom tanks, Digesters.
CE-541  Advanced Hydrology                                        


     Cr. 4: (3-1-0)
1.  Meteorology: Atmosphere as a vehicle for transfer of water, humidity, precipitation, evaporation. Weather forecasting. Principles of Hydro-meteorology, Cloud seeding, 

2.  Measurement of surface flow: Methods of measurement and instruments. Velocity-area, chemical dilution, gauging structures. Stage-discharge relation.

3.  Evaporation and infiltration: measurement and estimation of evaporation from land and water surfaces. Water-budget, energy-budget and mass-transfer methods. Reduction of evaporation. Transpiration and its estimation. Evapo-transpiration. Infiltration, factors affecting infiltration and infiltration indices.

4.  Hydrograph analyses: surface runoff. Overland flow. Factors affecting runoff. Rational formula. Hydrograph analyses, Unit hydrograph, S-curve hydrograph, Instantaneous Unit Hydrograph. Channel & storage routing, Flood estimation. Estimation of yield. Synthetic unit hydrograph.

5.  Statistical methods in hydrology: analyses of discrete & continuous data, Harmonic analyses. Frequency analysis. Normal, Log-normal, Pearson’s distributions. Correlation and regression analysis. Multi-variate analysis. Time-area diagrams, Lumped, Distributed and Dynamic wave routing, Conceptual mathematical models. Hydrologic systems analyses, Non-linear systems. Stochastic Hydrology. Time-series analyses.

6.  Hydrology of floods and droughts. Statistical theory of extreme values. Gumbels asymptotic distributions for floods and drought.

CE-556 Contaminant Transport                            




Cr. 4: (3-1-0)

Introduction: Hydrologic cycle, Movement & occurrence of groundwater, properties of 

groundwater, general flow equations, Dupuit equation

Sources & type of groundwater contamination, Contaminant transport mechanisms: Advection, Diffusion & dispersion, Mass transport equations, one & two-dimensional modeling

Sorption & other chemical reactions: factors affecting sorption, Sorption isotherms, Sorption effect on fate & transport of pollutants, Estimation of sorption

Biodegradation reactions & kinetics: biological transformations, microbial dynamics, kinetics of biodegradation

Nonaqueous-phase liquids: Types of NAPLs, general processes, NAPL transport computational methods

Groundwater remediation and design: Remedial alternatives, source control, hydraulic controls, bioremediation, soil vapor extraction systems, remediating NAPL sites, emerging technologies

CE-545 Urban Storm Water Drainage                                   

  Cr. 4: (3-1-0)

Introduction to drainage problems in different climates: Urbanisation, its effects and consequences for drainage-interaction between urban and peri-urban areas

Planning concepts and system planning: Objectives of urban drainage and planning criteria, drainage and system layout. Planning tools and data requirement, drainage master plan, examples for drainage structures.

Review of Hydrologic and hydraulic principles: Urban hydrologic cycle, hydrologic principles, rainfall analysis and design storm, hydraulic principles, hydrodynamic principles.

Calculation methods and mathematical tools: Rational method and SCS method, time area diagram, hydrologic models, hydrodynamic models, modelling options, constant concentration, spreadsheets, regression rating curve approaches, urban runoff and water quality models.

Design of drainage system elements: Hydraulic fundamentals, infiltration and on-site detention of stormwater, design of sewerage and drainage channels, design of appurtenances, road drainage, design of pumping stations.

Control of stormwater pollution: Pollution build-up and washoff process with reference to urban drainage systems. Source control in commercial and industrial complexes, storage options - dry and wet ponds, biological treatment of wastewater, chemical treatment of stormwater, erosion control measures. Best Management practices.

Operation and maintenance of urban drainage systems: Maintenance requirement for different structures, maintenance planning, cleaning of sewers and drains, inventory of damages, repair options.

Note: Advanced Hydraulics & Computer Lab : In this course the stress will be given on Computational Hydraulics and Advanced instrumentation for flow measurement.

CE-522 Traffic Engineering And Field Studies 



      Cr. 4: (3-1-0)

Introduction Definitions and normal scope of study within traffic engineering. 

Traffic characteristic: Review or road user characteristics and vehicular characteristics. 

 Various traffic studies:

i) Spot speed studies-data analysis and interpretations 

ii) Speed and delay studies- Purpose, course of delay, various methods of speed and delay studies. 

iii) Traffic volume studies and characteristics

iv) Origin and destination studies: Various methods of O and D studies and sampling. 

v) Traffic capacity studies- Volume and density relationships, critical density, basic, possible and practical capacities. Factors affecting possible and practical capacities. 

vi) Parking studies and characteristics – Public interest in parking studies, cordon count, space inventory, parking practices. Evaluation of parking controls. 

vii) Accident studies and characteristics – Course of accidents, accident studies and records, reports, application of accident studies, preventive measures. 

Traffic controls and operations

a) Traffic regulations and various means of traffic control, traffic islands, rotaries & singles. 

b) Traffic management- Techniques and applications. 

c) Roadway Lighting-Design and layout. 

DEPARTMENT OF CIVIL ENGINEERING

Proposed scheme of M. Tech. Programme   (Water Resources Engineering) Regular

ACADEMIC CURRICULUM

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative 

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	I SEMESTER 

	1.
	MA501A
	Advanced Mathematics
	PG-11
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	2
	CE-554
	Ground Water Hydrology (Dept. Core)
	PG-14
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	3.
	
	Major Electives
	PG-15
	12
	
	
	
	
	
	
	
	
	
	

	4.
	
	Minor Electives
	PG-16
	4
	
	
	
	
	
	
	
	
	
	

	
	Sub Total
	24
	
	
	
	

	List of Major Electives 

	1.
	CE-541
	Advance Hydrology
	PG-15
	4
	3
	1
	0
	3
	--
	25
	
	25
	50
	0

	2.
	CE-542
	Advance Hydraulics and Computer Lab
	PG-15
	4
	1
	1
	3
	0
	3
	20
	30
	--
	--
	50

	3.
	CE-543
	Fundamentals of Remote sensing and GIS
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	4.
	CE-544
	Advanced Fluid Mechanics
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	5.
	CE-545
	Urban Storm Water Drainage
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	6.
	CE-546
	Engineering Economics and Water Resources Systems
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	II SEMESTER 

	1.
	IC-502
	Course on Modeling, Simulation, etc.
	PG12
	4
	2
	1
	2
	3
	0
	20
	20
	20
	40
	--

	2
	
	Institute core (Technical communication-Optional)
	PG13
	2
	2
	0
	0
	3
	
	
	
	
	100
	

	3.
	
	Major Electives
	PG-15
	12
	
	
	
	
	
	
	
	
	
	

	4.
	
	Minor Electives
	PG-16
	4
	
	
	
	
	
	
	
	
	
	

	
	Sub Total
	20-22
	
	
	
	

	List of Major Electives 

	1.
	CE-551
	Watershed and Wetland Hydrology
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	2.
	CE-552
	Free Surface Flow
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	3.
	CE-553
	Modelling and GIS Lab 
	PG-15
	4
	1
	1
	3
	0
	3
	20
	30
	0
	0
	50

	4.
	CE-555
	Water Resource Development and Management
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	5.
	CE-556
	Contaminant Transport
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	6.
	CE-557
	Design of Irrigation structures
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0


	List of Minor Electives for I & II SEMESTER

	1.
	
	Any course from M. Tech. Transportation Engineering / Environmental Engineering / CAD in Structural Engineering/ Interdepartmental
	
	
	
	
	
	
	
	
	
	
	
	

	III SEMESTER

	1.
	CE-601
	Project
	PG-18
	4
	
	
	
	
	
	
	60
	
	
	40

	2.
	CE602
	Seminar
	PG-19
	4
	
	
	
	
	
	
	60
	
	
	40

	3.
	CE603
	Dissertation
	PG-20
	14
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	22
	
	
	
	
	
	
	
	
	
	

	IV SEMESTER

	1
	CE-603
	Dissertation
	PG-20
	20
	
	
	
	
	
	
	
	
	
	100

	
	
	Interdepartmental 
	PG-17
	4
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	24
	
	
	
	
	
	
	
	
	
	


DEPARTMENT OF CIVIL ENGINEERING

Proposed scheme of M. Tech. Programme (Water Resources Engineering) Part Time

ACADEMIC CURRICULUM

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative 

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	I SEMESTER 

	1.
	MA501A
	Advanced Mathematics
	PG-11
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	2
	CE-554
	Ground Water Hydrology (Dept. Core)
	PG-14
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	
	
	Major Elective
	PG-15
	4
	
	
	
	
	
	
	
	
	
	

	
	Sub Total
	12
	
	
	
	

	List of Major Electives 

	1.
	CE-541
	Advance Hydrology
	PG-15
	4
	3
	1
	0
	3
	
	25
	
	25
	50
	0

	2.
	CE-542
	Advance Hydraulics and Computer Lab
	PG-15
	4
	1
	1
	3
	0
	3
	20
	30
	0
	0
	50

	II SEMESTER 

	1.
	CS501/

CE501
	Optimization Techniques and Computer applications
	PG12
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	2
	
	Major Electives
	PG-15
	8
	
	
	
	
	
	
	
	
	
	

	
	Sub Total
	12
	
	
	
	

	List of Major Electives 

	1.
	CE-552
	Free Surface Flow
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	2.
	CE-553
	Modelling and GIS Lab 
	PG-15
	4
	1
	1
	3
	0
	3
	20
	30
	0
	0
	50

	3.
	CE-557
	Design of Irrigation structures
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	   III SEMESTER

	
	
	Major Elective
	PG-15
	8
	
	
	
	
	
	
	
	
	
	

	
	
	Institute core (Technical communication-Optional)
	PG13
	2
	
	
	
	
	
	
	
	
	
	

	
	
	Minor Elective
	PG-16
	4
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	12-14
	
	
	
	
	
	
	
	
	
	

	List of Major Electives

	3.
	CE-543
	Fundamentals of Remote sensing and GIS
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	4.
	CE-544
	Advanced Fluid Mechanics
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	5.
	CE-545
	Urban Storm Water Drainage
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	6.
	CE-546
	Engineering Economics and Water Resources Systems
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	  IV SEMESTER

	1.
	
	Major Electives
	PG-15
	8
	
	
	
	
	
	
	
	
	
	

	2.
	
	Minor Electives
	PG-16
	4
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	12
	
	
	
	
	
	
	
	
	
	

	List of Major Electives 

	1.
	CE-551
	Watershed and Wetland Hydrology
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	2.
	CE-555
	Water Resource Development and Management
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	3.
	CE-556
	Contaminant Transport
	PG-15
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	List of Minor Electives  

	1.
	
	Any course from M. Tech. Transportation Engineering / Environmental Engineering / CAD in Structural Engineering/ Interdepartmental
	
	
	
	
	
	
	
	
	
	
	
	

	V SEMESTER

	1.
	CE-601
	Project
	PG-18
	4
	
	
	
	
	
	
	60
	
	
	40

	2.
	CE602
	Seminar
	PG-19
	4
	
	
	
	
	
	
	60
	
	
	40

	3.
	CE603
	Dissertation
	PG-20
	14
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	22
	
	
	
	
	
	
	
	
	
	

	VI SEMESTER

	1
	CE-603
	Dissertation
	PG-20
	20
	
	
	
	
	
	
	
	
	
	100

	
	
	Interdepartmental 
	PG-17
	4
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	24
	
	
	
	
	
	
	
	
	
	


CE-541 Advanced Hydrology

7.  Meteorology: Atmosphere as a vehicle for transfer of water, humidity, precipitation, evaporation. Weather forecasting. Principles of Hydro-meteorology, Cloud seeding, 

8.  Measurement of surface flow: Methods of measurement and instruments. Velocity-area, chemical dilution, gauging structures. Stage-discharge relation.

9.  Evaporation and infiltration: measurement and estimation of evaporation from land and water surfaces. Water-budget, energy-budget and mass-transfer methods. Reduction of evaporation. Transpiration and its estimation. Evapo-transpiration. Infiltration, factors affecting infiltration and infiltration indices.

10.  Hydrograph analyses: surface runoff. Overland flow. Factors affecting runoff. Rational formula. Hydrograph analyses, Unit hydrograph, S-curve hydrograph, Instantaneous Unit Hydrograph. Channel & storage routing, Flood estimation. Estimation of yield. Synthetic unit hydrograph.

11.  Statistical methods in hydrology: analyses of discrete & continuous data, Harmonic analyses. Frequency analysis. Normal, Log-normal, Pearson’s distributions. Correlation and regression analysis. Multi-variate analysis. Time-area diagrams, Lumped, Distributed and Dynamic wave routing, Conceptual mathematical models. Hydrologic systems analyses, Non-linear systems. Stochastic Hydrology. Time-series analyses.

12.  Hydrology of floods and droughts. Statistical theory of extreme values. Gumbels asymptotic distributions for floods and drought.

References books:
1.  Computer Simulation in Hydrology by Flemming, G.

2.  Scientific allocation of Water Resources by Buras, N

3.  Hydrology by Veissman, Knapp

4.  Applied Hydrology By Maidment, Mays & Chow.

5.  Handbook of Hydrology by Chow, V.T..

6.  Engg. Hydrology: Linsley, Kohler & Paulhus

CE-542  Advance Hydraulics and Computer Lab




Cr. 4: (1-0-3)

Hydraulics: Hydraulic Jump with length of jump, Sand – Tank model, Wind Tunnel, GPS

Computers: Use of Microsoft Excel for engineering applications such as design of canals, CPM; Hydraulics & hydrology software, culvert design etc. 

CE-543 Fundamentals Of Remote Sensing & GIS
Remote Sensing: Basic concepts. Elements of visual Image interpretation, Multi-spectral Remote Sensing Systems, Introduction to Thermal Infrared Remote Sensing, Platforms & Sensors: LANDSAT-TM, IRS and SPOT. Geometric & Radiometric Corrections and Ground truth. Digital Image Processing, Geographical Information Systems and its applications. Digital Representation of Geographic data , Raster and Vector Based GIS data, Spatial analysis.

Reference Books:

1.  Principles of Remote Sensing: Curran, P.J.

2.  Remote Sensing & DIP: Lillesand & Keifer

3.  Manual of Remote Sensing I & II

CE-544 Advanced Fluid Mechanics

Mathematical foundations of Fluid Mechanics. Historical development.

Ideal fluid theory. Foundations of flow analysis. Basic laws for systems and control volumes. Continuity equation. Euler’s equations, Bernoulli’s equation. Linear momentum equation and its application. Vector notation.

Incompressible irrotational flow. Circulation, Vorticity, Velocity potential, Stream function and Flow-nets. Superposition of flows. Pressure distribution around submerged bodies. Lift & Magnus effect. D’Alembert’s Paradox.

Real fluids, Viscosity and its significance. Stokes’ viscosity laws, Navier-Stokes’ equations. Couette flow. Flow in a circular pipe. Creeping motion. Parallel flow past a sphere. Stokes law for terminal settling velocity and Oseen’s correction.

Boundary layer theory: Laminar boundary layers. Two-dimensional Boundary layer equations. Blasius’ solution for flat plate boundary layer. Momentum Integral equation and its applications. Displacement and momentum thickness. Separation. Vortex trail. Boundary layer control by various methods.

Introduction to Turbulent flow. Eddy viscosity, Reynolds’ stresses and significance. Mixing length theory. Turbulent Boundary Layer, Velocity distribution.

Pressure distribution around immersed bodies. Calculation of Drag and Lift. Form Drag, skin friction drag, total drag.

Reference Books:

1.  Foundations of Fluid Mechanics: S. W. Yuan

2.  Advanced Fluid Mechanics: H. Rouse.

3.  Boundary Layer Theory: Schlichting

CE-545 Urban Storm Water Drainage
Introduction to drainage problems in different climates: Urbanisation, its effects and consequences for drainage-interaction between urban and peri-urban areas

Planning concepts and system planning: Objectives of urban drainage and planning criteria, drainage and system layout. Planning tools and data requirement, drainage master plan, examples for drainage structures.

Review of Hydrologic and hydraulic principles: Urban hydrologic cycle, hydrologic principles, rainfall analysis and design storm, hydraulic principles, hydrodynamic principles.

Calculation methods and mathematical tools: Rational method and SCS method, time area diagram, hydrologic models, hydrodynamic models, modelling options, constant concentration, spreadsheets, regression rating curve approaches, urban runoff and water quality models.

Design of drainage system elements: Hydraulic fundamentals, infiltration and on-site detention of stormwater, design of sewerage and drainage channels, design of appurtenances, road drainage, design of pumping stations.

Control of stormwater pollution: Pollution build-up and washoff process with reference to urban drainage systems. Source control in commercial and industrial complexes, storage options - dry and wet ponds, biological treatment of wastewater, chemical treatment of stormwater, erosion control measures. Best Management practices.

Operation and maintenance of urban drainage systems: Maintenance requirement for different structures, maintenance planning, cleaning of sewers and drains, inventory of damages, repair options.

Note: Advanced Hydraulics & Computer Lab : In this course the stress will be given on Computational Hydraulics and Advanced instrumentation for flow measurement.

Reference Books :

1.  Urban Hydrology : Hall, M.J.

2.  Hydrology : Viesmann & Knapp

CE-546 Engineering Economics & Water Resources Systems

(a) Engineering Economics
Objectives & scope of Engineering Economics, Managerial Economics, Interest and time-value of money, Depreciation, Economic life.

Demand analysis and forecasting. Cost concept, Annual cost comparison, Present worth, Production Functions, Pricing policies, pricing methods, price forecasting.

Profit, measurement of profit, profit planning & forecasting, Break-even analysis, Return on investment, Rate of return.

Capital budgeting, cost of capital, project appraisal, cost allocation.

(b) Water Resources Systems

Introduction to the fundamental of water resource system analysis, involving the determination of the optimal dimensions, outputs and operating policies of water resource projects. Overview of methodologies of analysis. Use of optimisation and simulation techniques for solving water resources problems. Examples in water distribution systems, flood management, river basin planning for irrigation and hydroelectric power. The storage yield relationship.

Reference Books:

1.  Water Resources Systems, Planning & Development : Chaturvedi

2.  Water Resources Systems : Hall & Dracup

3.  Economic Analysis : Barish N. Norman

4.  Managerial Economics : Varshney, R.L. & Maheshwari, K.L.

CE-551 Watershed & Wetland Hydrology 




Cr. 4: (3-1-0)

(A) WATERSHED HYDROLOGY

Hydrologic Modelling of Watershed, Stochastic Models, Hydrologic rainfall models, Watershed modeling approaches, component conceptualization, Evapo-transpiration, 

Potential ET methods, Actual ET methods, Subsurface flow systems.

Modeling Erosion Processes, upland erosion, inter-rill processes, rill erosion, channel erosion processes etc.

Quality of water from agricultural land. Watershed yield: water yield & sediment yield, Hydrological consequences of watershed modifications.

(B) WETLAND HYDROLOGY

A. Formation of wetlands - hydrologic conditions 

B. Hydrologic function of wetlands: Hydrologic processes, Surface- groundwater interactions, Hydrologic linkages between uplands and wetlands, Hydrologic role of wetlands.

a. Hydrologic Effects of Wetland Disturbance & Wetland Loss:
1. Peat land development — effects of ditching and mining,
2. Cumulative effects of wetland drainage in agricultural systems. 
CE-552 Free Surface Flow 





        Cr. 4: (3-1-0)
1. Energy and Momentum principles in open channel flow, Principles of varied flow.

2. Non-uniform Flow: Direct integration method, step methods, computer methods. spatially varied flow.

3. Channel controls : Sharp crested and broad-crested weirs, overflow spillway, free overfall and energy dissipaters.

4. Channel transitions: expansions and contractions. Changes of directions, culverts, bridge piers, lateral inflow and outflow, transition design.

5. Unsteady flow: Equation of motion. Shallow water equations and their solutions. Method of characteristics. Dam-break problems. Kinetic wave theory. Flood wave movement in long rivers.

6. Waves : Standing waves. Waves in a moving stream. Finite amplitude wave theory.

7. Models and Similitude : Basic principles. Incomplete & approximate similitude. Fixed-bed, Moving-bed river models and structural models.

Reference Books

1.  Open Channel Hydraulics : V. T. Chow

2.  Open Channel Hydraulics : K. G. Ranga Raju

3.  Open Channel Hydraulics : K. Subramanya.

CE-553  Modelling and GIS Lab 






Cr. 4: (1-0-3)

Ground Water modelling systems(GMS) conceptual design and Modflow, Modpath, MT3D concepts

Watershed modelling systems (WMS)

Autocad land Development Desktop

GIS softwares

CE-554 Ground Water Hydrology 




Cr. 4: (3-1-0)

1. Fundamentals of Groundwater Flow :Occurrence of Ground Water, Vertical Distribution of G.W., Darcy’s Law, Permeability, Porosity, Anisotropic Aquifers, Differential equations of G.W. flow.

2. Potential Flow: Flownets, Boundary conditions, Flow-net construction for confined &            unconfined flow systems.

3. Mechanics of Well Flow: Steady & unsteady flow in confined & unconfined aquifers, Leaky aquifers, Partial penetration of wells, Multiple well systems, Boundary effects & method of images. Characteristics Well Loses.

4. Ground Water Modelling: Sand Tank, Heleshaw, Electrical analogous models, Finite Element/Difference models.

4.  Ground Water Development and Management:Design of wells, construction of wells, Well Development, Artificial recharge, Conjunctive use, Salinity of G.W., Ground water pollution.

Reference Books:

1. Groundwater Hydrology : D.K. Todd

2. Groundwater and Seepage : M.E. Harr

CE-555 Water Resource Development and Management


Cr. 4: (3-1-0)

1. Society and natural resources; holistic framework for Water Resources development and management. 

2. Concepts, Principles and Tools
a. Integrated Water Resources Management (IWRM) 

b. Principles, Concept of Integration
c. Socio-economic and Environmental Consideration
d. Institutional Arrangement, Management Instruments
e. Participatory Approach and Decentralization Public participation for sustainable water resource development and management, process of public participation.
3. Status of the Water Resources
a. Surface Water and Groundwater Supplies
b. Catchment Management
c. Climate/Hydrological Changes
d. Water Pollution and Health
4. Management of  the Water Resources
a. Water Demand Forecasting and Management
b. Water Use Efficiency
c. Water Conservation, Treatment and Reuse
d. Risk Management
e. International Waters
5. Mathematical Models for IWRM
a. River Basin Management and Modeling
b. Analysis of the Behavior of the Physical System
c. Development of Scenarios and Impact Assessment
d. Resource Allocation and Management
6. Economics of Water Resources
a. Economic Analysis of Water Projects
b. The Value of Water
c. Pricing of Water Services and Cost Recovery
d. Economic Instruments
7. Policies, Goals and Strategies
a. Water Policy and National Goals
b. Water and Public Administration Policies
c. Water Law, Water Rights and Ownership
d. Public Awareness and Education
e. Impacts of population growth on Water Resources
f. National Strategies for IWRM
8. Institutional Arrangement
a. Water Related Legislation and Regulation
b. Public Sector Institutions
c. Inter-Agency Coordination
d. Empowerment and Participation of Stakeholders
e. Data and Information System
Local institutions for watershed development and management: strategies for strengthening local institutions.  

CE-556 Contaminant Transport






Cr. 4: (3-1-0)

Introduction: Hydrologic cycle, Movement & occurrence of groundwater, properties of 

groundwater, general flow equations, Dupuit equation

Sources & type of groundwater contamination, Contaminant transport mechanisms: Advection, Diffusion & dispersion, Mass transport equations, one & two-dimensional modeling

Sorption & other chemical reactions: factors affecting sorption, Sorption isotherms, Sorption effect on fate & transport of pollutants, Estimation of sorption

Biodegradation reactions & kinetics: biological transformations, microbial dynamics, kinetics of biodegradation

Nonaqueous-phase liquids: Types of NAPLs, general processes, NAPL transport computational methods

Groundwater remediation and design: Remedial alternatives, source control, hydraulic controls, bioremediation, soil vapor extraction systems, remediating NAPL sites, emerging technologies

References:

1. Ground Water Contamination, Transport and Remediation by Bedient, Rifai & Newell, PTR Prentice Hall

2. Groundwater Hydrology by D.K. Todd, John Wiley & Sons

CE-557  Design of Irrigation Structures 




           Cr. 4: (3-1-0)
Dams: Different kinds of dams and the choice criteria, Environmental considerations

Gravity Dams: various forces acting and their analysis and representation, stability requirements, two-dimensional analysis, distribution of normal and shear stress, principal stresses, joints and their treatment. 

Foundation treatment: grouting, drainage wells, drainage galleries, types of galleries, design concepts of galleries, stress concentration.

Embankment dams: homogeneous and zoned earthen embankments, foundation requirements, typical cross-sections.

Stability analysis of earthen dams: slip circle method, wedge method, seepage through and beneath dams, Casagrande’s base parabola and determination of top flow line, calculation of seepage rate, flow net during steady seepage and during sudden drawdowns, pore pressures and their significance, design of filters and rock toes, slope protection, Foundation problems of various soil strata of earthen dams and their remedies.

Rockfill dams and earth rock dams: construction techniques of embankment dams. modes of failure.

Spillways: Different types of spillways and their design criteria, design of crest profile, reinforcement, selection criteria for downstream arrangement, trajectories and bucket arrangements, buckets; design of stilling basins, Spillway aerators.

Gates : Various types of gates and their merits and demerits; design requirements of radial, vertical, low head gates and automatic gates. Design of vertical lift and sector gates, flow induced vibrations and down-pull forces. gate seals. Design of outlet sluices through dams.

Canals : Basic concepts of various canal design theories and their limitations. Design of weirs and canal structures on permeable foundations, Khosla theory and applications. Design of canal falls and regulators, cross drainage works, canal outlets and river training works. Design of silt excluders, silt extractors. layout and design of watercourses. Canal lining.

References:

1.  Irrigation Engineering : G.L. Asawa

2.  Irrigation & Water Power Engineering : Modi, P.N.

3.  Design of Dams : Creager, Justin & Hinds

4.  Design of Earthen Dams : Sherard

DEPARTMENT OF CIVIL ENGINEERING

Proposed scheme of M. Tech. Programme (Transportation Engineering) Regular

ACADEMIC CURRICULUM

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative 

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	I SEMESTER 

	1.
	MA501A
	Advanced Course in Mathematics
	PG11
	4
	3
	1
	0
	3
	0
	25
	0
	25
	50
	0

	2
	CE-521
	Highway Materials
	PG14
	4
	3
	1
	2/2
	3
	-
	10
	10
	20
	60
	

	3.
	
	Major Elective
	PG15
	8-10
	
	
	
	
	
	
	
	
	
	

	
	
	Minor Elective
	PG16
	4
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Sub Total
	20-22
	
	
	
	

	II SEMESTER 

	1.
	IC-502
	Courses on Modelling, Simulation & Computer Applications
	PG12
	4
	2
	1
	2
	
	
	20
	20
	20
	40
	

	2.
	
	Major Elective
	PG15
	16
	
	
	
	
	
	
	
	
	
	

	3.
	
	Minor Elective
	PG16
	4
	
	
	
	
	
	
	
	
	
	

	
	Sub Total
	24
	
	
	
	

	III SEMESTER

	1.
	CE-601
	Project
	PG-18
	4
	
	
	
	
	
	
	60
	
	
	40

	2.
	CE602
	Seminar
	PG-19
	4
	
	
	
	
	
	
	60
	
	
	40

	3.
	CE603
	Dissertation
	PG-20
	14
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	22
	
	
	
	
	
	
	
	
	
	

	IV SEMESTER

	1
	CE-603
	Dissertation
	PG-20
	20
	
	
	
	
	
	
	
	
	
	100

	
	
	Interdepartmental 
	PG-17
	4
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	24
	
	
	
	
	
	
	
	
	
	


MAJOR ELECTIVE 

	S. No.
	Subject Code
	Course Title
	 Subject area
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	I SEMESTER

	1
	CE-522
	Traffic Engg. & Field Studies
	5
	3
	1
	2
	3
	-
	10
	10
	20
	60
	

	2
	CE-523
	Highway Construction
	5
	3
	1
	2
	3
	-
	10
	10
	20
	60
	

	3
	CE-525
	Pavement Analysis & Design
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	

	4
	CE-526 
	Intersection Design and Analysis 
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	II SEMESTER

	1
	CE-527
	Pavement Maintenance Management System 
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	2
	CE-528
	Low Cost Road 
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	3
	CE-529
	Highway Sub grade & foundation analysis 
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	4
	CE-530
	Transportation Planning 
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	

	MINOR ELECTIVE



	1
	
	Any course from M. Tech. Water Resources Engineering / Environmental Engineering / CAD in Structural Engineering/interdisciplinary 
	4+4
	
	
	
	
	
	
	
	
	


DEPARTMENT OF CIVIL ENGINEERING

Proposed scheme of M. Tech. Programme (Transportation Engineering) Part Time

ACADEMIC CURRICULUM

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative 

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	I SEMESTER 

	1.
	MA501A
	Advanced Course in Mathematics
	PG11
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	2
	CE-521
	Highway Materials
	PG14
	4
	3
	1
	2/2
	3
	-
	10
	10
	20
	60
	

	
	
	Major Elective
	PG-15
	4-5
	
	
	
	
	
	
	
	
	
	

	
	Sub Total
	12-13
	
	
	
	

	II SEMESTER 

	1
	IC-502
	Courses on Modelling, Simulation & Computer Applications
	PG12
	4
	
	
	
	
	
	
	
	
	
	

	2
	
	Major Electives
	PG-15
	4
	
	
	
	
	
	
	
	
	
	

	3
	
	Minor Elective-I
	
	4
	
	
	
	
	
	
	
	
	
	

	
	Sub Total
	12
	
	
	
	

	

	   III SEMESTER

	
	
	Major Elective
	PG-15
	8
	
	
	
	
	
	
	
	
	
	

	
	
	Institute core (Technical communication-Optional)
	PG13
	2
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	8-10
	
	
	
	
	
	
	
	
	
	

	  IV SEMESTER

	1.
	
	Major Electives
	PG-15
	8
	
	
	
	
	
	
	
	
	
	

	2.
	
	Minor Elective-II
	PG-16
	4
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	12
	
	
	
	
	
	
	
	
	
	

	V SEMESTER

	1.
	
	INTERDEPARTMENTAL 

Any course from M. Tech. Water Resources Engineering / Environmental Engineering / CAD in Structural Engineering/interdisciplinary
	PG-17
	4
	
	
	
	
	
	
	
	
	
	

	2.
	CE-601
	SEMINAR
	PG-19
	4
	
	
	
	
	
	
	60
	
	
	40

	3.
	CE602
	DISSERTATION
	PG-20
	14
	
	
	
	
	
	
	
	
	
	

	
	
	Sub Total
	22
	
	
	
	
	
	
	
	
	
	

	VI SEMESTER

	1
	CE-602
	DISSERTATION
	PG-20
	20
	
	
	
	
	
	
	
	
	
	100

	2
	
	Project                                                   
	PG-18
	4
	
	
	
	
	
	
	60
	
	
	40

	
	
	
	24
	
	
	
	
	
	
	
	
	
	


MAJOR ELECTIVE 

	S. No.
	Subject Code
	Course Title
	Subject area
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	I AND III SEMESTER

	1
	CE-522
	Traffic Engg. & Field Studies
	5
	3
	1
	2
	3
	-
	10
	10
	20
	60
	

	2
	CE-523
	Highway Construction
	5
	3
	1
	2
	3
	-
	10
	10
	20
	60
	

	3
	CE-525
	Pavement Analysis & Design
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	

	4
	CE-526
	Intersection Design and Analysis 
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	II AND IV SEMESTER

	1
	CE-527
	Pavement Maintenance Management System 
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	2
	CE-528
	Low Cost Road 
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	3
	CE-529
	Highway Sub grade & foundation analysis 
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	4
	CE-530
	Transportation Planning 
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	


CE-521 Highway Materials

Aggregate, Blending of aggregate by Rothfutch, Triangular chart, trial and error and mathematical proportioning methods. Classification, nomenclature, quality manufacture of aggregates with respect to WBM, Bituminous and concrete roads. 

Bituminous materials classification and various terms used related to tar and bitumen, uses and application of different bituminous material in highway construction. Origin and preparation of different grades of bitumen and tar used for road construction. The Rheology of bituminous binders, Adhesion, failures, weathering of bituminous road materials. 

Bituminous mixes, requirements of bituminous mixes. Methods of bituminous mix design and their suitability, advantages and disadvantages. Design of bituminous mixes by Marshall, Hubbard Field, Hveem methods. 

Materials for low cost roads: Stabilized soil, lime, fly ash, Soil – Cement and soil-bitumen stabilization. Soft aggregates, Low cement concrete. 

CE-522 Traffic Engineering And Field Studies

Introduction Definitions and normal scope of study within traffic engineering. 

Traffic characteristic: Review or road user characteristics and vehicular characteristics. 

 Various traffic studies:

viii) Spot speed studies-data analysis and interpretations 

ix) Speed and delay studies- Purpose, course of delay, various methods of speed and delay studies. 

x) Traffic volume studies and characteristics

xi) Origin and destination studies: Various methods of O and D studies and sampling. 

xii) Traffic capacity studies- Volume and density relationships, critical density, basic, possible and practical capacities. Factors affecting possible and practical capacities. 

xiii) Parking studies and characteristics – Public interest in parking studies, cordon count, space inventory, parking practices. Evaluation of parking controls. 

xiv) Accident studies and characteristics – Course of accidents, accident studies and records, reports, application of accident studies, preventive measures. 

Traffic controls and operations

a) Traffic regulations and various means of traffic control, traffic islands, rotaries & singles. 

b) Traffic management- Techniques and applications. 

c) Roadway Lighting-Design and layout. 

CE-523 Highway Construction 






Cr. 5: (3-1-2)

Classification of types of highway construction, Suitability of each type under Indian conditions, selection of base course and surface course.

Earth work & Soiling: Selection of soils, construction of embankments, excavation and compaction equipments. Field and laboratory tests for quality control. Stone soiling, brick soiling, current practices.

Construction of earth roads, gravel roads, soil stabilized roads, water bound macadam, paved roads, bricks, stones.

Bituminous construction: properties, requirements and specifications of materials, equipments and plants. Detailed construction procedure of each type. Field and laboratory tests for quality control. Choice of binders under different conditions. IRC, and MORTH specifications.

Recommendations under Indian conditions: Bituminous surface treatments, interface treatments – prime-coat and tack-coat, surface dressing and seal-coat, grouted or penetration macadam, bituminous bound macadam, bituminous concrete, mastic asphalt.

Cement Concrete Road Construction: Necessity of providing a base course under cement concrete road. Selection of materials, Construction methods, detailed construction procedure, Quality control tests (lab. and field). Construction equipments.

Joints in Cement Concrete Pavements: Classification of various types of joints, necessity of providing each type, method of construction of joints, load transfer devices, dowel bars, tie bars. Joint filler and sealer materials, IRC specifications.

Reinforced Cement Concrete Road Construction: 

CE-525 Pavement Analysis And Design

Components of pavement structure, importance of Sub-Grade soil properties on pavement performance. Functions of Sub-Grade, sub-base, base course and wearing course. 

Stresses in flexible pavements: Stresses in homogeneous masses and layered system, deflections, shear failures, equivalent wheel and axle loads. 

Elements in design of flexible pavement: Loading characteristics-Static, impact and repeated loads, affects of dual wheels and tandem axles, area of contact and tyre pressure, modulus, CBR value of different layers, equivalent single wheel load, equivalent stress equivalent deflection criterion, equivalent wheel load factors, climatic and environmental factors. 

Types of distress: Structural and functional, serviceability, fatigue cracking, pavement deformation and low temperature shrinkage cracking. Factors affecting performance. Relation between performance & distress. 

Design methods for flexible pavement: Group Index method, California bearing ratio (CBR), Triaxial method, Mcleod Method, Benkelman Beam method. Boussiusq’s and Burmister’s analysis and design method. Design of flexible airport pavements. 

Elements in design of Rigid pavements: Wheel load, stresses, Westergaard’s analysis. Basic properties of concrete elasticity, shrinkage & creep, durability of concrete, rigid pavement design, concrete mix design. 

Temperature stresses: Thermal properties of aggregates and concrete. Effect of temperature variations on concrete pavements, Westergaard‘s and Tomlinson’s analysis of warping stresses. Combination of stresses due to different causes. 

Pavement overlays: Flexible overlays and Rigid overlays.

CE-526 Intersection Design And Analysis 





Cr. 4 (3-1-0)

Type of intersection, general considerations for the location of various intersection types, principles of intersection design, types of maneuvers, relative speed, conflict points and areas, design surveys for intersection, intersection geometrics for various types including approach and exit details. 

Capacity and performance analysis of various types of intersections for various types of operation-capacity level of service, intersection delay, uncontrolled priority controlled and roundabout intersection-their capacity and delay analysis, and overall design. Design and operational evaluation of weaving sections. Design of speed change lanes and median lanes. 

Grade separated intersection and interchanges-types, suitability and economic justifications. 

Design of intersection controls-signalization design and analysis, turn control, general traffic control by islands, pedestrian control, signs, markings, intersections lighting etc. 

CE-527 Pavement Maintenance Management System 



Cr. 4: (3-1-0)

Introduction to Pavement Maintenance Management System, Components of Pavement Management Maintenance Measures PMMS objectives.

Structural requirements and Evaluation of flexible pavements – Design requirements, factors affecting structural condition of flexible pavements, structural behavior and evaluation of structural condition of pavements.

Design methods for flexible pavements, design of overlays by Benkelman Beam Rebound Deflection Technique.

Pavement Serviceability concepts, Evaluation of riding quality by psycho- physical method.

Pavement Maintenance Measures, Implementation of Maintenance management programs.

CE-528 Low Cost Roads 







Cr. 4 (3-1-0)

Introduction: Concept Objective, Scope and coverage of low cost and rural roads. Significance of low cost roads for developing countries, with special reference to India. 

Rural Road Planning and Investment: State of art, review of existing practices and their deficiencies in rural road planning Socio-economic aspects in planning. Preparation of rural road master plans and their evaluation. Stage construction, planning, and utilization of successive investments. 

Geometrics: Traffic and design speed, horizontal alignment, vertical alignment, and cross section elements. 

Pavement Design Aspects for Low Cost Rural Roads: Minimum level of serviceability concept. Use of strength index as a substitute to IRC design method. 

Materials: Stabilized soils, Design of soil-lime, soil-cement, soil-bitumen and soil-lime-fly ash mixes, Use of soft aggregates. 

Construction, Operation and Plants: Surveying   and setting, excavation, hauling, Shaping and compaction, Stabilized soils-spreading, mixing and compaction. Appropriate technologies, tools, plants and equipments for construction as per IRC practices. 

Road Drainage: Drainage of road surface, pavement layers and cross drainage works. Various low cost drainage alternatives. 

Maintenance: Short term routine maintenance, long term maintenance, organizational and financial aspects of maintenance works. 

CE-529 Highway Sub-Grade And Foundation Analysis 



Cr. 4: (3-1-0)

Sub-Grade: Importance, properties & Functions. 

Soil survey: Soil Survey procedure for highways and ground water investigations, Identifications and Significance of soil characteristics. Soil Classification for highway engineering purpose – Casagrande, U.S.P.R.A., Unified, CAA, Burmister, HRB, FAA and Compaction classifications and their limitations, Chemical test for soils. Effects of water in soil – swelling shrinkage, cohesion and plasticity in soil. 

Soil: Moisture, Movement –Ground water, gravitational water, held water, soil suction. 

Sub soil drainage: General principles, elementary groundwater hydrology, control of high water table and seepage flow, drainage of fine grained soils. 

Frost action in soils, evaluation and design of Sub-Grade laboratory strength elevations, settlement analysis. Stress-strain relationship in soils. 

Compaction of soil, field and laboratory methods, equipments, field control, Sub-Grade and embankment compaction. 

Foundation: Methods of reducing settlements, Consolidation of compressible soils estimation of rate of settlement due to consolidation in foundation of road embankments. Construction of high embankments over weak foundations. Various methods of excavation displacement of soft and swampy soil for the construction of embankments. 

Vertical Sand Drains: Design criteria, construction and uses; `

CE-530 Transportation Planning 






Cr. 5: (3-1-2)

Transportation planning methodology, hierarchical levels of planning-statewide, regional, urban passenger and goods transportation. General concept and process of transportation planning. 

Urban transportation planning, urban travel characteristics: private and public, travel behavior analysis.

Travel demand estimation and forecasting. Trip classification and Socio-economic variable in trip making, trip generation; multiple regression analysis, category analysis, comparative study. Modal split analysis- traditional analysis, behavioral approach to mode choice, two-stage modal split models. Trip distribution: Growth factor method, gravity model. Intervening opportunity and competing opportunity models, comparative study. Traffic assignment network assignment, capacity restrained.

Land-use transport planning: Land-use transport intersections, transport related land use models, their use in transportation planning.

M. Tech. Electrical (Power Systems)  

ACADEMIC CURRICULUM 

	Teaching Scheme
	Contact Hours/Week
	Exam. Duration (Hrs.)
	Realtive Weightage %

	S. No.
	Subject Code
	Course Title
	Subject Area
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	I Semester

	1. 1
	MA501
	Advance Mathematics
	PG11
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	-

	2. 
	EE-501
	Departmental Core Course

(Power System Analysis)
	PG14
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	-

	3. 
	
	Major Elective (MJ1)
	PG15
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	-

	4. 
	
	Major Elective (MJ2)
	PG15
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	-

	5. 
	
	Major Elective (MJ3)
	PG15
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	-

	6. 
	
	Minor Elective
	PG16
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	-

	Sub Total
	24
	18
	6
	
	
	
	
	
	
	
	

	II Semester

	1.
	IC-502
	 Simulation &Modeling
	PG12
	04
	2
	1
	2
	3
	0
	20
	20
	20
	40
	-

	2.
	
	Institute Core (Technical Communication) Optional 
	PG13
	02
	
	
	
	
	
	
	
	
	
	

	3.
	
	Major Elective (MJ4)
	PG15
	04
	3
	1
	0
	3
	0
	20
	-
	20
	60
	-

	4.
	
	Major Elective (MJ5)
	PG15
	04
	3
	1
	0
	3
	0
	20
	-
	20
	60
	-

	5.
	
	Major Elective (MJ6)
	PG15
	04
	3
	1
	0
	3
	0
	20
	-
	20
	60
	-

	6.
	
	Minor Elective-II
	PG16
	04
	3
	1
	0
	3
	0
	20
	-
	20
	60
	-

	Sub Total
	22
	16
	6
	0
	15
	0
	
	
	
	
	

	III Semester

	1.
	EE-601
	Project
	PG18
	04
	--
	--
	--
	--
	--
	--
	60
	--
	--
	40

	2.
	EE-602
	Seminar 
	PG19
	04
	--
	--
	--
	--
	--
	--
	60
	--
	--
	40

	3.
	EE-603
	Dissertation
	PG20
	12
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	Sub Total
	20
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	IV Semester

	1.
	
	Additional Course (I)

Inter-Departmental 
	PG17
	04
	3
	1
	0
	3
	0
	20
	0
	20
	60
	-

	2.
	EE-603
	Dissertation (Continued from III Semester)
	PG20
	20
	-
	-
	-
	-
	-
	-
	-
	-
	-
	100

	Sub Total 
	24
	3
	1
	0
	
	
	
	
	
	
	


Total Credits of All Semesters =  90 

Major Elective 

1. EE-541 
Power System Stability.

2. EE-542
Computer Methods in Power Systems.

3. EE-543
Operation and Control of Power System.

4. EE-544
Advanced Power System Protection.

5. EE-545
EHV AC/DC Transmission System.

6. EE-546
Power System Planning & Reliability.

7. EE-547
Power System transient and H.V. Engineering.

8. EE-548
Economics & Planning of Energy Systems. 

9. EE-549
Flexible AC Transmission Systems. 

10. EE-550
Integrated Energy Systems. 

Minor Elective 

1. EE-561
Power Electronics. 

2. EE-562
Advanced Circuit Analysis and Design.

3. EE-563
Modern Control Theory.

4. EE-564
Power System  & Instrumentation.  

5. EE-565
Advance Theory and Analysis of AC Machines.   

6. EE-566
Excitation of synchronous machines and their control.

7. EE-567
Electric Drives and their Control.

8. EE-568
Power Generation Sources. 

9. EE-569
AI Application to Power Systems.

DETAILED SYLLABUS

EE-501: POWER SYSTEM ANALYSIS

Fault Analysis : Positive. Negative and Zero Sequence equivalent circuits of lines, two and three winding transformers, induction machines and synchronous machines. Analysis of shunt and series faults, effect of neutral grounding.

Unbalanced Operation of 3-phase Induction Motors : Characteristics with application of unbalanced voltage to a balanced motor and with application of balanced voltage to a motor having unbalanced impedances in the rotor circuit.

Synchronous Machines : Short circuit currents and reactances of synchronous machine. Modelling of synchronous machine at no load and symmetrical load under steady state conditions, Sequence impedance of synchronous machines.

Linear Graph Theory : Study of linear graph theory, Network topology, incidence, Cut-set and Tie-set matrices and their interpretation. Calculation of Z-bus, Y-bus, Z-branch and Y loop matrices by singular and non-singular transformations. Algorithm for the calculation of Y-bus and Z-bus. Fault calculations using Z-bus.

Load Flow Studies : Formulation of load flow problem. Various types of buses. Gause-Siedel, Newton-Raphson and Fast Decoupled Algorithms. Calculation of reactive power at voltage controlled buses in the Gauses-Seidel iterative method using Y-bus, Representation of  transformers - Fixed tap setting transformer, Tap changing under load transformers, Phase shifting transformers, Tie line control, Comparison of methods for load flow.

MAJOR ELECTIVES

EE-541: POWER SYSTEM STABILITY 

Modelling of cylindrical rotor salient pole synchronous machines, flux linkage equations, voltage equations, Park's transformation, various inducatances and time constraints of synchronous machines, vector diagrams for steady state and transient conditions, power angle curves.

Steady state and transient stabilities, their definitions and methods of determination. Development of Swing equation. Steady state stability of single machine connected to an infinite bus by the method of small oscillations. Two machine systems. Coherent and non-coherent machines. Equal area criterion of determining transient stability, fault clearing time and critical clearing angle. Solution of Swing equation by step by step method. Euler's Method and Runga-Kutta Method, Application of Computers in the study of transient stability using these methods. Introduction to steady state and transient Stability using these methods. Introduction to steady state and transient stabilities of multi-machine system without controller. Factors affecting steady state and transient stabilities, methods of improving steady state and transient stabilities, high speed circuit breakers, auto-reclosing circuit breaker, single pole operation, excitation control, and bypass valving. 

EE-542: COMPUTER METHODS IN POWER SYSTEMS 

Three-Phase Networks: Introduction, Three-phase network elements, Three-phase balanced network elements. Transformation Matrices, Three-phase unbalanced network elements, incidence and network matrices for three-phase networks. Algorithm for formation of three-phase bus-impedance matrix. Modification of the three-phase bus impedance matrix for changes in the network.

Short Circuit Studies: Short circuit calculations using Bus Impedance matrix, Short circuit calculations for balanced three- phase network using Bus Impedance matrix, Short circuit calculations using Loop Impedance matrix.

Sensitivity Analysis and Optimal Load Flow: Classification of System variables, Sensitivity Analysis-Sensitivity Matrix, Development of Gx and Gu, Optimal Load Flow, Optimisation Technique, Gradient method. Formulation of Optimal Load-flow Problem and its Solutions, Consideration of Inequality Constraints. Comparison with Classic Economic Dispatch Method.

Security Concept and Contingency Evaluation: Operating States of a Power System, Concept of security Monitoring. Techniques for Contingency Evaluation DC Load Flow, Fast Decoupled Load-flow, Preventive and corrective Measures.

Load Forecasting & State Estimation: Estimation of average, periodic, stochastic components of load, basic idea of state estimation of power system.

EE-543: OPERATION & CONTROL OF POWER SYSTEMS 

Optimal Power System Operation:  Optimal Operation of generators on a bus bar, Optimal Unit Commitment, Constraints in unit commitment, Spinning reserve, Thermal Unit Constraints, Other constraints, Hydro constraints, Must Run, Fuel constraints, Unit commitment Solution methods : Priority-List methods, Dynamic Programming solution. Backward DP Approach, Forward DP Approach, Restricted Search Ranges, Strategies.

Reliability Considerations, Patton's Security Function, Security constrained Optimal Unit Commitment, Start-up considerations, Optimal Generation Scheduling, Representation of Transmission Loss by B-coefficients, Derivation of Transmission Loss formula. Representation of Transmission Loss by Power Flow equations, Optimal Load Flow solution. Inequality constraints, Optimal Scheduling of Hydrothermal System.

Introduction to Power System Security. System State Classification, Security Analysis, Modelling for contingency Analysis.

Automatic generation and Voltage Control: Introduction Load Frequency Control, Turbine Speed Governing System, Model of Speed governing system. Turbine Model, Generator Load Model, Block diagram representation of Load Frequency Control and an Isolated System, Steady State Analysis, Dynamic Response, Control Area, Load frequency control and Economic Dispatch Control, Two-area load frequency control, Optimal Load Frequency Control (two- area), Automatic Voltage Control, Introduction to Digital LF Controllers, Decentralized Control.

EE-544: ADVANCED POWER SYSTEM PROTECTION 

Relaying: Review of Relay characteristics, Classification of Relays, characteristics and operating equation.

Protective Current & Potential Transformers: Types, Rating, Accuracy, burden, Polarity, connections and Transient Response.

Static Relays: Introduction, advantages of static relays over electromagnetic relays. Limitation of static relays, Reliability and Security of static realys, Recent Developments of static relays.

Comparators and Level Detectors: Static Relay Functional circuits, Amplitude and Phase comparators, level detectors.

Static Over current Relays: Introduction to static overcurrent relays, single actuating and Double actuating quantity relays, Basic principle of static overcurrent relays, time characteristics, timing circuit, Directional overcurrent relay, static time lag overcurrent relays. Static Directional relays.

Static Differential Protection to Power Transformers, Static Busbar protection based on Directional comparison. Static Distance Relays and Distance Protection of EHV Lines. Influence of power swings on Distance protection. Directional wave Relays for fault protection and protection of overhead lines.

Relay setting coordination, transient over voltages in static relay, protection of static relay circuit.

Digital Relays, Microprocessor based protective relays.

Switchgear: Types of circuit breakers and their constructional features, operating mechanism Application of Circuit breakers, speed of circuit breakers, Autreclosing, selection of circuit breakers, Rating of circuit breakers, Testing of circuit breakers, SF6 Insulated Metal clad Switchgear (CIS), Advantages, Demerits, Design aspects, Busbar modules, SF6 Insulated EHV Transmission Cables (GIC).

EE-545 : EHV AC/DC TRANSMISSION 

EHV AC Transmission

Bulk power transmission over long distance, need for EHV transmission problems of EHV  transmission, Power Handling capacity and surge impedance loading. Current carrying capacity of conductor. Choice of economic voltage, standard transmission voltages. Bundled Conductors: Properties of bundled conductors, geometric mean radius of bundle, inductance and capacitance, Voltage gradients of conductors, maximum surface voltage gradients of bundled conductors, maximum surface electric fields for bundled and single conductor lines. Electrostatic fields of EHV lines. Effect of E.S. field on Humans, Animals and Plants. 

Series and Shunt compensation : Effect of series capacitors, location of series capacitors. Sub-synchronous resonance in series-capacitor compensated lines and counter measures. Shunt compensation - Variation of no load receiving end voltage, Static VAR Systems : TCR-FC, TCR, TSC-TCR and MSC-TCR Schemes.

HVDC Transmission

Rectification: The 3-phase Bridge rectifier or Graetz circuit, Inversion, Kinds of D.C links, Paralleled and Series connection of thyristors, Power flow in HVDC transmission system.

Converter Station: Major components of a converter station-converter unit, filters, reactive power source. Ground return and ground electrode.

Basic principles of DC link control: Converter control characteristics, firing angle control and extinction angle control. Parallel operation of D.C. link with A.C. transmission line.

Introduction to Multiterminal HVDC Systems and HVDC Circuit Breakers, Comparison between AC and DC transmissions, break even distance for overhead transmission lines and underground cables. Application of HVDC transmission.

EE-546: POWER SYSTEM PLANNING & RELIABILITY 

Load forecasting: Classification and characteristics of loads. Approaches to load forecasting. Forecasting methodology. Energy forecasting.

Basic Reliability Concepts: General reliability function, Markov Chains and processes and their applications, simple series and parallel system models.

Static Generating Capacity Reliability Evaluation: Outage definitions, loss of load probability methods, loss of energy probability method. Frequency and duration methods, load forecasting uncertainty.

Spinning Generating Capacity Reliability Evaluation: Spinning capacity evaluation, load forecast uncertainty.

Transmission System Reliability Evaluation: Average interruption rate method. The frequency and duration method . Stormy and normal weather effects.

Inter-connected Systems Generating Capacity Reliability Evaluation: Introduction, The loss of toad approach.

Reliability evaluation in two and more than two interconnected systems. Interconnection benefits.

EE-547: POWER SYSTEM TRANSIENTS AND HIGH VOLTAGE ENGINEERING

Wave terminology, development of wave equations, terminal problems, lattice diagrams.

Origin and nature of power system surges, wave shapes, attenuation, effect of shielding by ground wires and masts, tower footing-resistance. Traveling waves, multi-velocity waves, methods of measuring tower footing resistance, voltages across insulator strings. Dynamic overvoltages during surges and system faults, system recovery voltage characteristics.

Methods of neutral grounding and their effect on system behaviour. Insulation coordination, requirement in surge protection of lines and equipment.

Impulse generator development. Impulse testing technique. Power frequency h.v. transformers, cascade connection. H.V.D.C. generators, tests with power frequency and d.c. voltages. Large current generating and measurement techniques. Partial discharge testing. High voltage and high current testing of power equipment. Field investigations. Magnetic links their calibration and mounting, klydenographs, potential dividers and cathodes ray oscillorgraph.

EE-548: ECONOMICS & PLANNING OF ENERGY SYSTEMS

System Economics: Basic concepts, National accounting framework. Criteria for economic growth. Model types and philosophy. Production functions. Input-output economics, macro-economic growth models. "Econometric" models, policy options and budgetary Implication, some illustrations of economic research for identifying demand functions, supply functions, cost functions, production functions, utility functions and Engel curves. Dynamic models of the economy and "Simple" theory of business fluctuations. Multiple linear and non-linear regression analysis, energy per unit monetary value of consumer needs and services. Energy efficiency, Cost-benefit risk analysis. Environmental repercussions and the economic structure. Conflict between energy consumption and pollution. Systems Design and quantitative economic policy with particular references to energy. Econometric in the context of multiple objectives, conflicting goals and decisions under uncertainty.

EE-549: FLEXIBLE AC  TRANSMISSION SYSTEM

Conventional reactive power compensation, Theory of Power Transmission Control, Basic principle of FACTS (Flexible AC Transmission System), Principle of Static Var compensation (SVC). Basic Principle of Thyristor Controlled Series Compensation (TCSC) Basic series and shunt FACTS devices.  Advance new generation FACTS devices, Control and coordination of FACTS devices, Locations of FACTS Devices.  

EE-550 : INTEGRATED ENERGY SYSTEMS

Pattern of fuel consumption: Agricultural, domestic, industrial and community needs. Projection of Energy Demands, substitution of conventional sources by alternative sources and more efficient modern technologies. Potential of Solar, Wind, Biogas, Natural Gas, Forest produce, Tidal, Geothermal, Minihydro and other modern applications. Hybrid and Integrated Energy Systems. Total Energy concept and Waste heat utilization.

 MINOR ELECTIVES

EE-561 : POWER ELECTRONICS

Solid State Power Semi-conducting Devices: Review of the thyristors, traic, GTO, transistor MOSFET and other modem power devices (igbt, SIT, SITCH, MCT), characteristics ratings, commutation methods, protection and requirement of firing circuits.

Phase Controlled Converters: Single and three-phase controlled converters, power factor improvement techniques. Dual Converter mode of operation, Firing Circuits.

Choppers: Review of choppers, commutation circuits, firing circuits. Introduction to multiquardant and multi phase choppers.

Inverters and Cyclo-converters (Frequency Conversion): Line commutated, voltage source, and current source inverters; Commutation techniques, Voltage control and harmonic reduction techniques. PWM rectifiers and inverters. Single phase and three phases cyclo-converters.

Power Electronics Controller for Wind Energy Electric Conversion Systems, Photo Voltaic Arrays, energy Saving in AC and DC Drives.

Power Factor Improvements, Extinction Angle, Symmetrical Angle. PWM Control and Sinusoidal PWM Control power techniques.

EE-562: ADVANCED CIRCUIT ANALYSIS & DESIGN 

Network Topology: Network geometry, incidence matrix, tie-set matrix and loop currents, cut-set matrix, and node pair potentials. Properties of cut-set and tie-set matrices, f–cutset Analysis, f-circuit Analysis, Node-pair Analysis. Duality, planner and non-planner networks. Branch parameters  matrices. Kirchhoff's equilibrium equations on loop basic. Equilibrium equations on the node basis. 

Network Functions : Network functions , evaluation of network function from (1) a given magnitude (2) a given angle and (3) a given real part; integral relationship between real and imaginary parts. 

Elements of Realizability : Driving point functions, Brune's positive real functions, properties of positive real functions. Testing driving point functions An application of the maximum modulus theorem, properties of hurwitz polynomials, the computation of residues, even & odd functions, Sturm's theorem, An alternative test for positive real character. Driving point synthesis with LC elements: Elementary synthesis operations,  LC Network Syunthesis. RC  and RL  Networks:  Properties of RC  network functions, foster form of RC  networks, faster form of RL networks. The caur form of RC and RL networks, RLC one Terminal-Pairs: Minimum positive real functions. Brune’s method of RLC synthesis.

Attenuators and Equalizers : Symmetrical Bridge-Tand lattice attenuators, asymmetrical T and ( attenuators. Equalizer configuration, four terminal equalizers, full -series, shunt and bridge-T and lattice equalizers. 

Active RC filters : Realisable approximation to Ideal filter, constant time delay & Thompson filter, frequency transformation, Active RC filter, Multi amplifier Biquad realization. Fixed capacitor filter.

Computer Application: Network solution by matrix Inversion- Gauss Elimination Method, Computer Programme for plotting transient response, Computer Programme for finding roots of polynomial equations.

EE-563: MODERN CONTROL THEORY 

Discrete Time Systems and the Z-Transform Method: Sampled Data Control Systems, Digital Controller, Sample & Hold Operation, Frequency consideration in Sampling and Reconstruction. Z-transformation, Solution of Differential & State Equations by 'Z' Transform Method, The Inverse Z-Transform, Pulse Transfer Function and Stability in Z-plane.

Transform Design of Digital Controls & State Space Concepts: Design Specifications, Design on the 'W'-plane, 'W plane & 'Z' plane. The CAYLEY HAMILTON Theorem, Concepts of Controllability & Observability. Stochastic Optimal State Estimation & Stochastic Processes.

Stability: Generalized Stability Creterion (d-partition technique), Pole Assignment method, LIAPUNOV's method, LURE's transformation, POPOV's criterion.

Microprocessor Based Control Systems: Digital Quantization, Positional Control System, Temperature Control System, Stepper Motor Drive circuits and Control of a Manipulator Arm.

Optimization: Time Optimal System (without proof of control law), Calculation of Switching Trajectories for second order systems. Optimal Control System based on Quadratic performance Indices (proof through Liapunov's function), Basic concepts of Model Reference Control System and Adaptive System.

Pontryagin's maximum principle, constrained and unconstrained input, Dynamic Programming-optimality principle, Discrete and Continuous Dynamic Programming.

EE-564: POWER SYSTEM INSTRUMENTATION

Transducer Instrumentation: Primary sensors, voltage and current generating analogue Transducers, variable parameter analogue Transducers, Frequency generating and Digital Transducers, transducer selection factors.

Digital Instrumentation: Introduction, Basic measurement system. Digital voltage measurement, Frequency measurement, Time measurement, Digital phasemeter, digital multimeter. Digital displays.

Telemetry System: Introduction to Information Transmission. Basic ideas.

Point to Point Telemetering: Basic principles, pneumatic and electrical system, voltage and current telemetry, impulse codal telemetry.

Radio Telemetering: Basic principles of AM-FM systems.

Instrumentation Associated with Power Plant: Centralized Control and Measurement in Thermal, Hydro and Nuclear Power Plants. Power Line Carrier Principles.

EE-565: ADVANCED THEORY AND ANALYSIS OF AC MACHINES

Physical model, Different reference frame, Transformations, Primitive Machine, Dynamic variable, Formulation of dynamic equations of a generalized machine, Maxwell equations; Electric field of Transformers, Shaft voltages and fluxes, bearing currents, induction motor modeling, oscillations In Induction machines, Asymmetries in stator and rotor windings, Asynchronous-synchronous Operation of synchronous machine; Modeling, Operational Impedances, Time constants, Stability, Power angle characteristics, Symmetrical and Asymmetrical short circuit analysis, Measurement  of Reactance, Power Systems.

EE-566: EXCITATION OF SYNCHRONOUS MACHINES AND THEIR CONTROL

Excitation Systems: Principal Controls of a generating unit. Arrangement of excitation components, voltage response-ratio. Excitation specifications. Ceiling voltage, time constant and response of excitation systems. Requirements of excitation systems: Classification of excitation systems.

D.C. Excitation Systems: configuration of DC excitation system with main and pilot exciters. Amplidyne and magnetic amplifier. Automatic voltage regulator with magnetic amplifier and Amplidyne. Limitation and problems of DC excitation systems. Improvement in DC excitation system.

AC Shunt Excitation Systems (Static Rectifier Excitation Systems): Static thyristor rectifier schemes. Transient Response during fault condition. Use of booster transformer. Application for shunt excitation systems.

AC Separately Excitation Systems. (Alternator- Rectifier Excitation System): Scheme of alternator-rectifier excitation system with (i) diode rectifier and (ii) thyristor rectifier. Comparison and Application of these schemes. Harmful effects of  static excitation systems or system machine components, means of prevention. 


Brushless Excitation Systems: Brush-slip ring problem. Scheme of Brushless excitation system with rotating diode. Control, protection and monitoring of Brushless excitation system. Introduction to brushless excitation system with rotating thyristors.

Introduction to Superconducting Exciter.

Automatic Voltage Regulator (AVR): Solid state automatic voltage regulator scheme. Auto and manual follow-up. Thyristor converter and AVR protection. Introduction to Digital AVR.

Excitation Control: Introduction to power stabilizing signal-speed, frequency and power signals. Rotor current limiter, MVAR limiter. Effect of excitation on generator power limits, Dynamic and Transient stabilities.  

EE-567: ELECTRIC DRIVES AND THEIR CONTROL

Characteristics of Electric Motors : Characteristics of DC motors, 3-phase Induction motors and Synchronous motors. Starting and Breaking of Electric motors. Status of DC and AC Drives.

Dynamics of Electric Drives : Parts of electric drives electric motors, power modulators, sources, control unit, and mechanical system. Fundamental torque equations. Multiquadrant operation. Equivalent values of drive parameters-loads with rotational motion and translational motion, components of load torque, nature and classification of load torques. Dynamic conditions of a drive system. Energy loss in transient operations, load equalization.

Motor Power Rating : Power losses of motors, heating and cooling of electric motors. Thermal model of motor for heating and cooling, classes of motor duty, Determination of motor rating : continuos duty, short time duty and intermittent periodic duty. Equivalent current, torque and power for fluctuating and inter- mittent loads.

Control of electric Drives : Modes of operation. Closed-loop control of drives. Current-limit control. Closed-loop torque, and speed control . Closed-loop control of multi motor drives. Speed and current sensing. Phase-locked-loop control.

DC Motor Drives : Starting, Braking, and speed control Transient Analysis of separately excited motor with armature and field control, energy losses during transient operation. Phase controlled converter DC drives, dual-converter control of DC drive, power factor, supply harmonics and ripple in motor current. Chopper control DC drives. Source Current harmonics.

3-Phase Induction Motor Drives: Starting, Breaking and Transient Analysis. Calculation of energy losses. Speed Control, Staler Voltage control. Variable Frequency control from voltage and current sources, Slip power recovery-Static Scherbius and Cramer Drives.

Synchronous Motor Drives : Starting, Pull in and Braking of Synchronous motor. Speed control-variable frequency control, cycloconverter control.

Brushless DC Motor, Linear Induction Motor, Stepper Motor and Switched Reluctance Motor Drives: Important Features and applications.

Energy Conservation in Electrical Drives : Losses in electrical drive system. Measures for energy conservation in electric drives. Use of efficient motor. Energy efficient operation of drives. Improvement of power factor and quality of supply.

EE-568: POWER GENERATION SOURCES 

Generation of Electricity and Sources of Energy : Major sources of energy-Salient features, selection of site, basic schemes and constituents of Steam, Hydro, Nuclear, Diesel and Gas Turbine Power Stations. Co-generation, Hydro-thermal Energy co- ordination.

Steam Power Plants: Thermodynamic cycles and use of high steam pressure and temperature. Super heating of steam. Reheat cycle. Regenerative cycle. Binary vapour cycle.

Coal Classification, use of high ash coal, Indian Coal, supply, storage and handling of coal, Ash handling and dust collectors.

Steam Generators: Fire tube and water tube boilers. Modern boilers. Economiser and air preheated, condenser, supply of cooling water to condenser, cooling towers.

Steam Primovers: Impulse and reaction types.

Heat balance and efficiency.

Station Auxiliaries: Types of auxiliaries, power supply scheme for auxiliaries.

Modern development in steam power plants.

Hydro Electric Plants: Selection of site, classification and basic schemes. Types of turbines, capacity calculation. Pump storage projects.

Nuclear Power Plant: Types of fuels. Classification of reactors, methods of cooling; moderators, methods of control, safety measures, Basic schemes of nuclear power stations: Boiling water reactor, pressurized heavy water reactor, fast breader reactor, Cost of Nuclear Energy. Nuclear Power Stations of India.

Gas Turbine Power Plants: Operation of gas turbine power plant, open cycle plant, closed cycle plant, Combined gas turbine and steam turbine cycle. Comparative study of thermal, hydro, and nuclear power stations: Economic comparison of power stations, Inter connections. Base and peak load power stations. Impact of thermal, hydro and nuclear stations on environment.

New Energy Sources: Principle of MHD power generation, open cycle MHD system and closed cycle MHD system. Wind power generation.

Solar power generation: Solar power plant, photo voltaic cell, photo voltaic power generation. Tidal power generation. Geo-thermal power generation.

EE-569: AI APPLICATIONS TO POWER SYSTEMS 

Introduction to AI: Definition, Applications, Components of an AI program; production system. Problem Characteristics. Overview of searching techniques. Knowledge representation : Knowledge representation issues; and overview. Representing knowledge using rules; procedural versus declarative knowledge. Logic programming, forward versus backward reasoning, matching. Control knowledge.

Statistical Reasoning: Probability and Daye's theorem. Certainty factor and rule based systems. Baysian Networks, Dampster Shafer theorem. Semantic nets and frames, Scripts. Examples of knowledge based systems.

Pattern Recognition: Introduction, automatic pattern recognition scheme. Design Concepts, Methodologies, Concepts of Classifier, concept of feature selection. Feature selection based on means and covariances. Statistical classifier design algorithms; increment-correction and LMSE algorithms. Applications.

Artificial Neural Networks: Biological Neuron, Neural Net, use of neural 'nets, applications, Perception, idea of single layer and multilayer neural nets, backpropagation, Hopfield nets, supervised and unsupervised learning.

Expert Systems : Introduction. Study of some popular expert systems, Expert System building tools and Shells, Design of Expert Systems.

MA-501(EE): ADVANCED MATHEMATICS  

Optimization Techniques : Linear Porgramming, Bounded and unbounded solutions, graphical method, simplex method (Big-M and two-phase methods), degeneracy, duality (relationship between primall and dual and their objective functions), post-optimal or sensitivity analysis, Lagrange Multipliers, Kuhn-Tuckcr conditions. Quadratic Programming : Wolfe's method, Beak's method. Unconstrained Nonlinear Algorithms : Direct search method, gradient method. Constrained Nonlinear Programming: penalty method.

Numerical Differentiation: Numerical differentiation using Newton's forward, backward and Sailing's interpolation formulae.

Numerical Integration: General quadrature formula. Trapezoidal rule, Simpson's rule, Simpson's three eight rule, Romberg integration. Solution of Differential Equations: Euler's method, improved Euler's method, Runge-Kutta method of second order. Runge-Kutta Method of fourth order.
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EC-501 Digital Communication Systems: 




Cr. 4: (3-0-2)

Principles of data transmission: Binary communication systems (ASK. PSK, FSK, QPSK etc.) , SNR error rates, comparison of various system, carrier and clock synchronization, Matched filter.

Based pulsed Transmission, Nyquist criterion, Partial response signaling, Channel characterization, Effect of Inter symbol Interference, Equalization, Linear Equalization & decision feedback equalization.

Spread Spectrum signals, Direct sequence spread spectrum signsls and their applications, Generaton of PN sequence Frequency hopped spread spectrum signals, synchronization of spread spectrum signals.

EC-503 Information & Communication Theory: 



Cr. 4: (3-1-0)
Concept of Information and Entropy, Shanon’s theorms, Channel capacity Self information, Discrete and Continuous entropy, Mutual and joint information, Redundancy.

Source encoding &channel encoding, Error detection & Correction, Various codes for channel coding, Rate 

Distortion functions.

Linear block codes, systematic linear codes& optimum coding for Binary symmetric channel,

The Generator & parity check matrices, Syndrome decoding & Symmetric     channels,
 Hamming codes,

Weight enumerator, Perfect codes, BCH codes , Idempotent &Mattson Solomon polynomials, Reed solomon codes, justeen codes,MDS codes &generalised BCH codes ,Convolution codes &Viterbi decoding algorithm.

Performence of linear block codes &convolution codes,code incurable error probablity Upper &lower bounds.

Ref: 

1.Blahut  R.E. , Theory and practic of errer control codes, AWL1983.

EC-505 Computer Communications 




Cr. 4: (3-0-2)

Introduction to data communication. Concept of analog and digital signals. Bandwidth. Network architecture. Basics of OSI and TCP/IP reference models. Example architecture of other reference models.

Transmission media. Wired and wireless connectivity. FDM, TDM and CDMA. Circuit and packet switching. Frame relay and ATM switching. ISDN.

Local area network protocols. IEEE standards for LAN. Fibre optic networks. Satellite networks. Data link layer design issues: its functions and protocols.

Internet protocol. Routing algorithms. Congestion control algorithms. IP addressing schemes. Internetworking and sub-netting. 

Transport and application layer design issues. Connection management. Transport protocol on top of X.25. File transfer and access management.

Traditional cryptography. The Data Encryption Standard. Key distribution problem. Public cryptography. Authentication and digital signatures.

Modelling and Analysis of Computer Communication Networks: Pure Birth and Birth-Death Process. Bernoulli Trials-Markov Chains. Poisson Process. Calculation of Delay-Little's Formula, Burke's Theorem. Queueing Models: M/M/1, M/M/1/N, M/M/S, M/M/S/N queues. Imbedded Markov Chains-M/G/1 queue. Network layout and reliability considerations.

References:

Stallings: Data communication & Networking

Tanenbaum: Computer Networks

Blake: 

Jeremiah F. Hayes: Modelling and Analysis of Computer Communication Networks

EC-507 Cryptography 






Cr. 4: (3-1-0)

Introduction: Issues in Network Security, Threats to Network Security, Security Services, basic Concepts of Encryption and Decryption, Substitution Ciphers, Transposition Ciphers. Electronic Mail Security, IP Security, WEB Security, Intruders, Viruses and Worms, Firewalls. 

Cyber Laws: Cyber laws for Cyberspace- Legal Identity and Private International Laws in Cyberspace. IT Act 2000. IT Act 2000 in reference to Email, E-Commerce, Issues of Privacy. IT Act 2000, E-Contracts and IT Technology. E-Agreements and the Web Surfing, Terms of Service Contracts, Terms of Service Agreement for Web Site Owners. Tips to Frame a Private Policy for an E-commerce Site. 

Cyber Pirates - Copyright, Digital Content right. Steps to Protect the Contents on WWW, Software Patents, Domain Name System and Trademarks, ICANN's Functions, Cyber Trademarks Laws. IT Act and Issues of Copyright, Patent and Trademark. Crimes- Cyber Crimes and Future Imperfect, Strategy to Combat Cyber Crimes, IT Act 2000 and Cyber Crimes. 

Cryptography: Basic Terms and Concepts, Brief History of Cryptography and Cryptanalysis. Uses and misuses. Basic Number Theory - Divisibility, Primality, Bases, Congruences, Modular Arithmetic, GCD'S, Euclidian algorithm, Fermat and Euler Theorms, Finding large primes, Pohlig-Hellman, RSA. 

Elementary and Historical Ciphers - Caesar cipher, Transposition and Substitution, Poly- alphabetic ciphers, Product ciphers, DES, IDEA and Exponentiation ciphers. Cipher Modes - Block ciphers, Stream ciphers, Public vs. Private keys, Meet-in-the-middle, LFSRS. Authentication methods - One-way ciphers, Authentication functions, Message digests, MDS, SHA, Tripwire, Kerberos. Privacy-enhanced communication - Privacy, non-repudiation, Digital signatures, Certificate hierarchies, X.509, PGP, PKI. Introduction to secure transaction standards.

Key Management - Threshold schemes, Random number generation, Key escrow, Key recovery. Applications - Mental Poker, Quadratic residues, Oblivious transfer and Zer-knowledge proofs. Digital cash, Digital voting and Contract signing. 

References : 

Williain Stallings "Cryptography and Network Security: Principles and Practice", Pearson Education, 2000. 

Kernal Texpalan, " Communication network Management:, PHI, 1992. 

D.E. Cormer," Computer Networks and Internet", 2nd Edition, Addison Wesley Publication, 2000. 

Sharma, Vakul, "Handbook of cyber Laws", Macmillan India Ltd, 2002.

EC-509 Satellite Communication: 





Cr. 4: (3-1-0)

 Orbital parameters launching systems, Subsystem of stellite, Transponder and utilization, Satellite link design, Frequency Reuse and polarization. Earth station design and relay links, Multiplexing and multiple Access techniques. Introduction to spread spectrum, Lower Earth Orbit satellites

EC-511
Design of Microstrip Antennas 



Cr. 4: (3-0-2)
Microstrip radiators, printed dipole, slot, travelling wave, aperture coupled microstrip  antennas, various microstrip antenna configurations

Rectangular, Circular disk, ring, Triangular patch antennas and their design. Feed networks for microstrip antennas and arrays. 

Analytical models for microstrip antennas. Transmission line model, Cavity Model, Multiport Network Model, Model for Coaxial probe in microstrip antenna. Full wave analysis of microstrip antennas

Active and smart microstrip antennas, Design and analysis of microstrip antenna arrays.

Reference:

Microstrip Antenna design Handbook by R. Garg, P. Bharhia, I. Bahl, and A. Ittipiboo Pub. Artech House.

Microstrip Antennas: Theory & Design by J. R. James, P.S. Hall and C. wood Pub. Peter Peregrinns , UK

Microstrip antennas for wireless application Artech House 

EC-513   Signals and Systems 





Cr. 4: (3-1-0)
 Z-Transforms, discrete and continuous random variables, joint probability, stationarity & ergodicity, laws of large numbers, central limit theorem, various distribution functions (Gaussian, Normal, Poisson, etc.) and their properties, stochastic processes, introduction to estimation & detection theory, Matched Filters, Adaptive Filters (optimum filters).       

Ref.

John G.Proakis, Digital Signal Processing, Prentice-Hall of India, 1998.

Athanasios Papoulis, Probability, Random Variables and Stochastic Processes, McGraw-Hill, Inc, 1991.

Delores M.Etter, Engineering Problem Solving with MATLAB, second Edition, Prentice Hall, 1997.
EC-510  Digital Signal & Image Processing  



Cr. 4: (3-0-2)
Discrete and Fast Fourier Transform: Introduction. Properties of DFT & DFS. Sampling the Z-transform. Linear convolution using the DFT. Goertzel Algorithm. Decimation in time & frequency FFT Algorithms.

Representation of Digital Filters: Introduction. Signal flow graph representation of digital networks. Matrix representation of digital networks. Basic structure for IIR & FIR systems. Tellegens theorem and its applications.

CAD of Filters, DSP Architectures (Analog Devices & Texas Instruments)

Image Processing: Acquiring of Images using Video Camera. Digital Representation of Binary & Gray Scale Images, Linear operations on pictures. Two dimensional Discrete Fourier transform and Hadamard transforms & their applications to image processing. Sampling of pictures using an Array of points, Aliasing problem & its solution. Image Enhancement Techniques:- Gray scale modification Gray level correction, Gray scale transformation, Histogram  modification, sharpening of Images using differentiation, the laplaciam, High Emphasis filtering, sobel & kirsch operators. Smoothening:- Noise Removal, Averagins, Median, Min/Max. Filtering

Image Segmentation & Thresholding:- Thresholding, Multiband Thresholding, Thresholding from Textures, Selective histogram Technique, Boundry Lines & Contours. Image Compression:- Compression Techniques using K-L Transform, Block Truncation Compression. Error free Comprerssion using Huffman coding & Huffman shift coding.

Reference:

Signals and Systems- Oppenheim A.V., Willsky A.S. and Young I.J. PHE.

Digital Signal Processing- Oppenheim A.V. & Schafer R.W. PHI.

Digital Signal Processing- by LYONS, (Pearson Education)

Digital Signal Processing-by Mitra- (TATA McGraw Hill) Publications.

Digital Image Processing- by Gonzalez / Woods, (Pearson Education)

Digital Image Processing- by A.K. Jain 

Digital Picture Processing- by Rosenfield & Kak
EC-512 Mobile and Cellular Communication



 Cr. 4: (3-1-0)

Introduction: Components of Mobile Communication systems, Operation of cellular system, Trunking Efficiency, Concept of Frequency reuse, Multipath propagation, Short term and Long term fading, Frequency selective fading, Signal Propagation Models.

Co-Channel Interference, Techniques for reducing Co-Channel Interference, Diversity Techniques, Other Interferences-Adjacent Channel Interference, Near End Far End Interference, Cross talk, Interference between systems, Hand off Techniques, Antennas for Base Station and Mobile Units

Analog cellular Mobile System: Channel structures, RF power level, Modulation, Spectrum & channel Designation, Network control activity, System operation , Principal functions, Mobile scanning, registration, Call origination, Call receipt, Handoff, call termination, security & Identification, Supervisory Audio Tone (SAT) Signalling Tone (ST), Signalling Format.

Digital Cellular Mobile Systems: Digital v/s Analog cellular systems, Modulation, ARQ Technique, Digital Speech coding, Digital Mobile Telephony, channel Equalization, Multiple Access Schemes- FDMA, TDMA, CDMA.

Introduction to Analog & Digial MARR, WLL system, 3-G Systems, Mobile Computing.   Example systems: AMPS, MATS-D, CD-900, GSM, 

References:

Mobile & Cellular Telecommunication by W.C.Y Lee. McGrawhill 

Wireless Communications by T. S Rappaport, IEEE Press

Wireless & Mobile Communication Systems by D.P Agarwal & Qing Anzen, Thomson Press

EC-514
Telecommunication Technology and Management 
Cr. 4: (3-1-0)
Introduction to existing telecommunication technologies GSM, WLL, CDMA,

Circuit, packet, frame relay and ATM switching, Broadband ISDN, Evolution of IS-95 and third generation systems, 

Microcell networks planning in CDMA, Indoor planning, Sectorization and smart antenna, 

Tariff rules and guidelines, Comparison of different wireless technologies.

Books:

W. Stalling, Data Comm. & Networking,

EC-516   Advanced Optical Communication Systems 


Cr. 4: (3-0-2)
Optical fibers: review of fundamentals, Full EM analysis of cylindrical optical fibers, study of PMD, profile dispersion, dispersion Flattened and dispersion compensated fibers.

WDM, DWDM, Optical passive components and their design. Study of optical couplers, Isolators, Circulators, filters, Polarizers. Optical fiber measurements and testing, Link certification, Intro. to time domain reflectometer techniques.

Optical networking and design issues, FDDI, Fiber in local loop, subscriber loop, Fiber optic LAN, SDH & SONET, networking topologies and access control protocols.

Advanced optical sources & detectors, amplifiers, their reliability issues, new materials and process technologies for optical device fabrication. Optical integrated circuits, hybrid & monolithic systems, optical inter-connects, materials and processing for OEIC.

Optical sensors intrinsic & extrinsic, principles of pressure, temperature, displacement and velocity measurements.

Reference:

Fiber Optic Communication by Palais, Pearson Education

Fiber Optic Communication Technology by Mynbaev & Scheiner, Pearson Education

Optical Fiber Communication by Senior, Prentice Hall

EC-518 
Micro Electro Mechanical System (Mems) 

Cr. 4: (3-1-0)
Micro Electro Mechanical System (MEMS) Origins. MEMS Impetus / Motivation.

Material for MEMS. The toolbox: Processes for Micro machining.

MEMS Fabrication Technologies. Fundamental MEMS Device Physics: Actuation. Fundamental MEMS Devices: The Cantilever Beam. Microwave MEMS Applications: MEM Switch Design Considerations. The Micromachined Transmission Line. MEMS-Based Microwave Circuit and System.

     Books:

Microelectromechanical (MEM) Microwave Systems by Hector J.De Los Santos, Artechhouse

An Introduction to Microelectromechanical System by Nadim Maluf, Artechhouse

EC-520
Wireless Communication Technology 


Cr. 4: (3-0-2)
Basic principles of CDMA, Radio operating environment, Vehicular Radio environment,  

outdoor to indoor and pedestrian radio environment, Indoor office Radio environment, Mobility Models  and impact on system design, 

CDMA interface design, Physical Channels, Spreading Codes, Modulation, Error Control Scheme, Multi Rate Scheme, Power Control, WAP and other protocols for Internet access, 

Data transmission in GSM and UMTS, TCP in wireless environments, multi-user detection and its performance analysis, 

WCDMA Simulators, Fast Power Control, Spectrum efficiency, Coverage

Bluetooth and other wireless networks, system comparison.

Reference:

Prasad R. CDMA for wireless personal Communication, Boston London, Arteech House 1996

Manfred Taferner and Ernst Bonek, Wireless internet access over GSM and UMTS Pub-Springer

EC-522
Microelectronic Devices & Circuits 


Cr. 4: (3-1-0)

Brief recapitulation- band theory, FD statistics, recombination effects and bipolar junction devices. MOS devices-MOS capacitance, interface effects and characterization. MOSFET principles and characteristics, subthreshold region.

Various MOS structures-VMOS, DMOS etc. Parasitic effects in MOSFET and bipolar circuits. CCDs. High frequency devices-metal semiconductor contacts. MESFETS.

Hetero-junction devices-HEMTs, HBTs. 

Device modeling:  Bipolar devices-Gummel –Poon model and RC Distributed model.

MOS device modeling-long channel effects short channel structures scaled down device models, subthreshold conduction.

Reference:

S.M.Sze, Physics of semiconductor devices, Wiley Eastern, 1981.

D. Nagchoudhuri, Microelectronic Devices, Pearson Education India. 

Y.P.Tsividis, Operation and modeling of MOS transistor, McGraw-Hill, 1987.

M.S. Tyagi, Introduction to Semiconductor material and devices, John .

Antognetti and Massobrio, Device modeling with SPICE, McGraw-Hill.

Clifton G. Fonstad, Microelectronic devices and Circuits, McGraw-Hill 

International Edition, 1994. 

Edward S.Yang, Microelectronic devices, McGraw-Hill.

Streetman, Solid State Electronic Devices, PHI.

EC-524  Design of MICs & MMICs




 Cr. 4: (3-1-0)
Review of fundamentals of electronic conduction in compound semiconductors. Study of semiconductors like GaAs, InP. Fundamentals of band gap engineering. New materials and their growth techniques.

Dielectric material and their properties, thick film and thin film techniques, loss tangent, effective dielectric constant. Effect of dielectric height, metal thickness, width and freq. on dielectric constant. 

Two and three terminal devices for MIC and MMIC applications. Study of  MESFET and HEMT performance analysis and biasing arrangements. Review of  planar transmission lines, their applications as distributed components. Device and circuit integration techniques, multi-layered structures, probing and coupling techniques, bonding techniques.

CAD for MIC and MMIC, Intr. to nonlinear analysis, synthesis and optimization. Application of foundry design rules, models and design rule checks, layout techniques, process tolerances.

Methods of measurements and testing of MIC and MMIC. Intr. to scalar and network measurements, full nonlinear, harmonic and noise characterization. 

Applications of MIC and MMIC as, passive components, switches, mixers, oscillators, amplifiers. Intro. to Quasi-optical systems.

Reference:

Microwave Material and fabrication techniques by Laverghetta, Artech House

Microstrip Line and Slot Lines, KC Gupta, R garg, I Bahl, P Bhartia, Artech House

Computer Aided Analysis of Nonlinear Microwave Circuits, Paulo JC  Rodrigues, Artech House

The RF and Microwave Circuit design Cookbook, SA Mass, Artech House
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DEPARTMENT OF ELECTRONICS & COMMUNICATION ENGINEERING


SYLLABUS

M. Tech. (Microelectronics Stream)

1.   EC-551 CMOS VLSI Design






Cr. 4: (3-0-2)

Process flow and masking steps for MOS and CMOS technologies, Lambda based design rules.

(1) Electrical behavior of MOS transistors

(2) Latch up in CMOS technology

Layer properties of various conducting layers in MOS technology (diffusion, poly-silicon and metal): Sheet resistance, relative capacitance.

Fundamental time constant (() for a technology. Design and analysis of NMOS (enhancement and depletion) and CMOS inverters; rationing of transistor size, logic threshold, logic low voltage level, rise and fall of delays.

Design of basic gates in NMOS technology. CMOS logic design styles: static CMOS logic(AND, NOR gates), complex gates, domino logic, pseudo NMOS logic ,clocked CMOS(C2 MOS) logic.

Structured logic design: programmable arrays. Design of latches and flip-flops, static memory cell and dynamic memory cell.

MOS scaling theory and scaling of interconnection. 

Ref:

1. Sung-Mo Kang & Yusuf Leblebici, CMOS Digital Integrated Circuits Analysis and Design, McGraw-Hill, 1998.

2. Neil H.E.Weste and Kamran Eshraghian, Principles of CMOS VLSI Design, Addison Wesley, 1998.

3. Rabaey et al., Digital Integrated Circuits, Pearson India, 2002.

4. K. Martin, Digital Integrated circuit design, Oxford University press, 2001.

5. A.Mukherji, Introduction to nMOS and CMOS VLSI system design, Prentice Hall Inc., 1986.

6. C.Mead and L.Conway, Introduction to VLSI systems, Addison Wesley, 1986.

              7.        Glasser and Dobberpuhl, Design and analysis of VLSI circuits, Addison Wesley, 1985.

2.   EC-553 Digital System design:





 
Cr. 4: (3-1-0)

Sequential Logic Design- Introduction, Basic Bistable Memory Devices,additional bistable devices, reduced characteristics and excitation table for bistable devices. 

Synchronous Sequential Logic Circuit Design: Introduction, Moore, Mealy and Mixed type   Synchronous State Machines. Synchronous sequential design of Moore, Melay Machines, Synchronous Counter Design.

Data path and Control design. Algorithmic State Machine: An Algorithm with inputs, digital solution, Implementation of traffic light controller, ASM charts, Design Procedure for ASMs.

Introduction to programmable logic devices: PALs,  PLDs,  CPLDs and FPGAs.

Introduction to VHDL: Data types, Concurrent statements, sequential statements, behavioral modeling.

Ref:

1. Digital System Design, Ercegovic, Wiley.

2. Richard S. Sandige, Modern Digital Design, McGraw-Hill, 1990.

3. Zvi Kohavi, Switching and Finite Automata Theory, Tata McGraw-Hill.
4. Navabi. Analysis and modeling of digital systems. McGraw Hill, 1998.
5. Perry. Modeling with VHDL. McGraw Hill, 1994.

3.    EC-555 VLSI Physical design: 





Cr. 4: (3-0-2)

Circuit partitioning placement and routing algorithms.

Design Rule-verification, Circuit Compaction; 

Circuit Extraction and post layout simulation. 

Deep sub-micron interconnects modeling and synthesis.

Ref:

1. Sarrafzadeh, M. and Wong, C. K. An introduction to VLSI physical design, Mc Graw Hill, 1996.

2. Sait, S. M. and Youssef, H. VLSI physical design automation. IEEE press, 1995.

3. Sherwani, N. VLSI physical design automation. Kluwer, 1999.

4. Preas and Lorenzetti. Physical Design Automation of VLSI Systems. Benjamin-Cummings, 1988. 
               5. T. H. Cormen, C. E. Leiserson and R. L. Rivest, “Introduction to Algorithms,” McGraw-Hill, 1990

4.   EC-557 Synthesis of Digital systems: 





Cr. 4: (3-0-2)
Role of CAD in digital system design, levels of design and description such as behavioral, structural and physical;

Technological alternatives; languages for design description and modeling at various levels;

CAD tools for synthesis, optimization, simulation and verification of design at various levels as well as for special realizations and structures such as microprogrammes, PLAs, gate arrays etc.
Ref: 

1. G. D. Micheli. Synthesis and optimization of digital systems.

2. Dutt, N. D. and Gajski, D. D. High level synthesis, Kluwer, 2000.

3. T. H. Cormen, C. E. Leiserson and R. L. Rivest, “Introduction to Algorithms,” McGraw-Hill, 1990.

4. N. Deo, Graph Theory, PH India.



      5.   EC-559 CAD of ICs: 






Cr. 4: (3-0-2)
Introduction to concept of design, design methodologies, semi-custom and custom design approaches.

Data path & control design. 

Elements of device and circuit simulation, logic simulation.

Stick diagram and representation, layout of ICs, lambda based design rules.

Deep submicron interconnects modeling and synthesis.

Topics in design-yield and redundancy, low power design techniques.

     Ref: 

1. Raguram, R. Modeling and Simulation of Electronic circuits. PHIndia, 1996.

2. Weste and Eshraghian. Principles of CMOS VLSI design. Addison Wesley, 1998.

3. Kang, S. M. and Leblebici, Y. CMOS Digital Integrated Circuits: Analysis and Design. Mc Graw Hill, 2000.

4. Chandrakasan, A. P. Low-power design methodologies. IEEE Press, 1998.

5. A. Mukherji. Introduction to n|MOS and CMOS VLSI system design. Prentice Hall Inc., 1986

                 6.    C. Mead and L. Conway. Introduction to VLSI systems. Addison Wesley, 1985.

6.    EC-561 Combinatorial Optimization:  


 Cr. 4: (3-1-0)
Optmization problem- Convex sets and functions.

The SIMPLEX algorithm- forms of linear programming problem, geometry of LP, organization of Tableau. Computational considerations for simplex algorithm

Duality- dual of LP, dual simplex problem. Primal-dual algorithm.

Algorithms & complexity- shortest path, max-flow, Dijkshtra’s algorithm, min-cost flow, algorithm for graph search and matching; spanning trees and matroids; Integer Linear programming, Greedy algorithm, approximation algorithms; branch-and-bound; dynamic programming.

Ref:

1. Papadimitriou and Steiglitz, Combinatorial optimization, PH India, 2001.

2.    Nemhauser and Wolsey, Integer and Combinatorial optimization, Wiley Inter-science 1999.

7.   EC-563 VLSI Testing &Testability: 




Cr. 4: (3-1-0)
Physical Faults and their modeling; Stuck at Faults, Bridging Faults; Fault collapsing; Fault Simulation: Deductive, Parallel, and Concurrent Fault Simulation. 

Critical Path Tracing; 

ATPG for Combinational Circuits: D-Algorithm, Boolean Differences, PODEM Random, Deterministic and Weighted Random Test Pattern Generation; Aliasing and its effect on Fault Coverage. 

PLA Testing, Cross Point Fault Model and Test Generation.

Memory Testing Permanent  Intermittent and Pattern Sensitive Faults, Marching Tests; Delay Faults. 

ATPG for Sequential Circuits : Time Frame Expansion ; Controllability and Observability Scan Design, BILBO , Boundary Scan for Board Level Testing ; BIST and Totally self checking circuits.

System Level Diagnosis: Introduction; Concept of Redundancy, Spatial Redundancy, Time Redundancy, Error Correction Codes.

Reconfiguration Techniques; Yield Modeling, Reliability and effective area utilization.

Ref:

1. Abramovici, M., Breuer, M. A. and Friedman, A. D. Digital systems testing and testable design. IEEE press (Indian edition available through Jayco Publishing house), 2001.
2. Bushnell and Agarwal, V. D. VLSI Testing. Kluwer. 
3. Agarwal, V. D. and Seth, S. C. Test generation for VLSI chips. IEEE computer society press.

4. Hurst, S. L. VLSi testing: Digital and mixed analog/digital techniques. INSPEC/IEE, 1999.

8.   EC-513 Signals & Systems:






Cr. 4: (3-1-0)

Discrete and continuous random variables, joint probability.

Stochastic processes, stationarity & ergodicity, laws of large numbers, central limit theorem, various distribution functions (Gaussian, Normal, Poisson, etc.) and their properties.

Introduction to estimation & detection theory, Matched Filters, Adaptive Filters (optimum filters).

9.  EC-550 VLSI Technology: 






Cr. 4: (3-1-0)
Basic IC processing steps.

Crystal growth and wafer preparation. 

Epitaxy-basics of vacuum deposition, MBE. CVD- low and high temp/pressure depositions. 

Diffusion –kinetics, Ficks law, sheet resistivity methods of diffusion. 

Oxidation –properties of oxides, theory of oxidation, oxidation under different ambients. 

Ion implantation. 

Etching techniques. 

CVD of polysilicon, oxides and nitrides. 

Integrated circuit structures in bipolar and MOS. 

 
Introduction to process simulation, SUPREM.

Ref:

1. S. M. Sze, VLSI Technology, McGRAW-HILL, 1988.

2. D. Nagchoudhuri, Principles Of Microelectronic Technology, Wheeler Publishing, 1998.

3. Stephen A. Campbell, The Science and Engineering of Microelectronic Fabrication, Oxford University Press, 1996. 

4. Hong Xiao, Introduction to Semiconductor Manufacturing, Prentice Hall, 2001.

5. SK Gandhi, VLSI fabrication principles, John Wiley 1983.
6.  AB Glaser, GE Subak-Sharpe, Integrated circuit engineering, Reading MA, Addison Wesley 1977

10.    EC-552 Analog and Mixed Signal ICs: 



Cr. 4: (3-0-2)

Review of MOS Transistor operation models and equivalent circuits. Single-Stage Amplifiers, Differential Amplifiers. Passive and Active Current Mirrors: Cascode Current mirror, Wilson Current mirror. 

Theory and design of MOS Operational Amplifier, Complete CMOS operational amplifier including frequency compensation. 

Comparators and Voltage Reference Sources. 

Switched Capacitor Circuits: Principles of operation of Switched Capacitor Circuits, Switched Capacitor Filters. 

D/A and A/D converters.

Nonlinear Analog circuits: Timers, Function generators, Multipliers and PLL 

Ref:

1. P. R. Gray and R. G. Meyer. Analysis and Design of Analog Integrated Circuits. McGraw Hill, NY, 1994. 
2. A. B. Grebene, Bipolar and MOS analog integrated circuits design. John Wiley, 1984.

           3.  S. Soclof. Analog Integrated Circuits. Prentice Hall Inc. , 1985.

11.   EC-554 High Level Design & Modeling of digital systems: 


Cr. 4: (3-0-2)
System level design, description languages- SDL, SpecChart etc.

Architectural synthesis for DSP applications. 

Formal Verification of digital systems- BDD based approaches, functional equivalence, finite state automata, -automata, FSM verification. 

Hardware-software partitioning, interface synthesis, case studies.
Ref:

1. Gajski, Gupta and Vahid, Specifications and design of Embedded systems

2.         Topics on formal verification to be covered using topics from literature.

12.    EC-556 Embedded Systems- HW & SW Design:




Cr. 4: (3-0-2)

Embedded computing- Microprocessors, embedded design process, system description formalisms. Instruction sets- CISC and RISC;

CPU fundamentals- programming I/Os, co-processors, supervisor mode, exceptions, memory management units and address translation, pipelining, super scalar execution, caching, CPU power consumption.

Embedded computing platform- CPU bus, memory devices, I/O devices, interfacing, designing with microprocessors, debugging techniques.

Program design and analysis- models of program, assembly and linking, compilation techniques, analysis and optimization of execution time, energy, power and size.

Processes and operating systems- multiple tasks and multiple processes, context switching, scheduling policies, inter-process communication mechanisms.

Hardware accelerators- CPUs and accelerators, accelerator system design.

Networks- distributed embedded architectures, networks for embedded systems, network-based design, Internet-enabled systems.

System design techniques- design methodologies, requirements analysis, system analysis and architecture design, quality assurance.

Ref:
Wolf, W. Computers as components- Principles of embedded computing system design. Academic Press (Indian edition available from Harcourt India Pvt. Ltd., 27M Block market, Greater Kailash II, New Delhi-110 048.)

13.    EC-558 Advance Computer Architecture: 


Cr. 4: (3-1-0)
Motivation for parallel processing, classification of Parallel Architectures: SIMD/MIMD, Control/ Data Flow, Distributed/Shared Memory Architectures. 

Mapping Algorithms onto regular Arrays: Data dependencies, Linear, Rectangular Mesh and Hexagonal   Arrays and Algorithms for these Architectures. 

SIMD Algorithms: Design Considerations, Masking Vector instruction and Data structures. Memory Allocation Techniques. Interconnection Networks. Sorting and Data Broadcasting. Massively Parallel SIMD computing. 

MIMD Algorithms (Shared Memory): Synchronization, Mutual Exclusion , Hot spots. Interconnection networks. Algorithms for SM/SIMD Machines. Performance issues. 

MIMD Algorithms ( Distributed Memory ) : Synchronous and Asynchronous Operation. Message routing Schemes. Interconnection Networks. Packet and Circuit Switching. Network Architectures. Distributed Algorithms.


14.    EC-560 Memory Design & Testing: 





Cr. 4: (3-1-0)
Review of MOS Structure, Scaled Down MOSFET and CMOS Processing. Processing for Memories: Multipoly Floating Gate and Control Gate, Trench Capacitors and thin Oxide. Inverter Design: Choice of W/L and Noise Margin Calculation, Cascode and Differential Inverters. SRAM and DRAM Cell Design: Basic Cell Structures, modeling and design Equations. Sense Amplifiers: Necessity for Sense Amplifiers, Voltage and Current Sense Amplifiers, Reference Voltage Generation, Influence of Sense Amplifier on cell Architecture. Peripheral Circuits. Memory Testing: Modeling, Introduction to Functional Testing and Built in Self-Test.   

15.   EC-562 Design of Asynchronus Sequential Circuits :


 Cr. 4: (3-1-0)
Introduction: Summary of synchronous techniques - disadvantages in today's technology. Advantages of asynchrononous techniques - low power, performance, modularity. Historic difficulties with asynchronous design. Flow Table Reduction, The state-assignment Problem, Delays, Hazards, and Analysis, Feedback, other Modes of operation, Counters.
Circuit Classification: Bounded Delay, speed independent, and delay independent. Data models (single-rail, dual-rail). Handshaking protocols (2 phase, 4 phase)
 Micropipeline Circuits: Basic building blocks. Pipelines, with and without data processing elements. The design of the Amulet processors.

 NCL Logic: The NULL convention logic approach. Preserving delay insensitivity, threshold gates with hysteresis.
 Formal Aspects of Asynchronous: The Rainbow approach. Green descriptions of micro-pipelines. Overview of formal basis to asynchronous descriptions
 
 Ref :

Asynchronous sequential circuits by Stephen H. Unger, John Wiley & Sons

Switching and Finite Automota Theory. Kohavi, Tata McGraw Hill

16.    EC-564  FPGAs based design:





Cr. 4: (3-0-2)

Introduction to FPGA Architectures.

FPGA design flow, partitioning, placement and routing algorithms.

Technology mapping for FPGAs, case studies.

Ref:

1. Brown, S. D., Francis, R. J., Rose, J. and Vranesic, Z G. Field programmable Gate arrays. Kluwer, 1992.

2. Betz, V., Rose, J. and Marquardt, A. Architecture and CAD for Deep-submicron FPGAs. Kluwer, 1999.

3. Trimberger, S. M. FPGA Technology. Kluwer, 1992.

         4. Oldfield, J. V. and Dorf, R. C. FPGAs: Reconfigurable logic for rapid prototyping and implementation of digital systems. John Wiley, 1995

EC-510  Digital Signal & Image Processing  




Cr. 4: (3-0-2)
Discrete and Fast Fourier Transform: Introduction. Properties of DFT & DFS. Sampling the Z-transform. Linear convolution using the DFT. Goertzel Algorithm. Decimation in time & frequency FFT Algorithms.

Representation of Digital Filters: Introduction. Signal flow graph representation of digital networks. Matrix representation of digital networks. Basic structure for IIR & FIR systems. Tellegens theorem and its applications.

CAD of Filters, DSP Architectures (Analog Devices & Texas Instruments)

Image Processing: Acquiring of Images using Video Camera. Digital Representation of Binary & Gray Scale Images, Linear operations on pictures. Two dimensional Discrete Fourier transform and Hadamard transforms & their applications to image processing. Sampling of pictures using an Array of points, Aliasing problem & its solution. Image Enhancement Techniques:- Gray scale modification Gray level correction, Gray scale transformation, Histogram  modification, sharpening of Images using differentiation, the laplaciam, High Emphasis filtering, sobel & kirsch operators. Smoothening:- Noise Removal, Averagins, Median, Min/Max. Filtering

Image Segmentation & Thresholding:- Thresholding, Multiband Thresholding, Thresholding from Textures, Selective histogram Technique, Boundry Lines & Contours. Image Compression:- Compression Techniques using K-L Transform, Block Truncation Compression. Error free Comprerssion using Huffman coding & Huffman shift coding.

Reference:

Signals and Systems- Oppenheim A.V., Willsky A.S. and Young I.J. PHE.

Digital Signal Processing- Oppenheim A.V. & Schafer R.W. PHI.

Digital Signal Processing- by LYONS, (Pearson Education)

Digital Signal Processing-by Mitra- (TATA McGraw Hill) Publications.

Digital Image Processing- by Gonzalez / Woods, (Pearson Education)

Digital Image Processing- by A.K. Jain 

Digital Picture Processing- by Rosenfield & Kak 

DEPARTMENT OF MECHANICAL ENGINEERING

Proposed scheme of M. Tech. Programme   (Manufacturing System Engineering) Regular

ACADEMIC CURRICULUM

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative 

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	I SEMESTER 

	1.
	MA-501G
	Design of Experiments
	PG-11
	4
	3
	1
	0
	3
	0
	20
	0
	20
	60
	0

	2
	ME-501
	Manufacturing System Analysis
	PG-14
	4
	3
	1
	0
	3
	0
	20
	0
	20
	60
	0

	3.
	
	Minor Electives-I
	PG-16
	4
	3
	1
	0
	3
	0
	20
	0
	20
	60
	0

	4.
	
	Major Electives-I
	PG-15
	4
	3
	1
	0
	3
	0
	20
	0
	20
	60
	0

	5.
	
	Major Elective-II
	PG-15
	4
	3
	1
	0
	3
	0
	20
	0
	20
	60
	0

	6.
	
	Major Elective-III
	PG-15
	4
	3
	1
	0
	3
	0
	20
	0
	20
	60
	0

	
	Sub Total 20/25
	24
	
	
	
	

	II SEMESTER (SPRING)

	1.
	IC-502
	Simulation & Modeling
	PG12
	4
	2
	1
	2
	3
	0
	20
	20
	20
	40
	--

	2
	
	Institute core (Optional)
	PG13
	2
	1
	2
	-
	2
	-
	25
	-
	25
	50
	-

	3.
	
	Minor Electives-II
	PG-16
	4
	3
	1
	0
	3
	0
	20
	0
	20
	60
	0

	4.
	
	Major Electives-IV
	PG-15
	4
	3
	1
	0
	3
	0
	20
	0
	20
	60
	0

	5.
	
	Major Elective-V
	PG-15
	4
	3
	1
	0
	3
	0
	20
	0
	20
	60
	0

	6.
	
	Major Elective-VI
	PG-15
	4
	3
	1
	0
	3
	0
	20
	0
	20
	60
	0

	
	Sub Total 20/25
	22
	
	
	
	

	III SEMESTER (AUTUMN) 2nd Year

	1.
	ME-601
	Project
	PG-18
	4
	-
	-
	-
	-
	-
	-
	60
	-
	-
	40

	2.
	ME602
	Seminar
	PG-19
	4
	-
	-
	-
	-
	-
	-
	60
	-
	-
	40

	3.
	ME603
	Dissertation
	PG-20
	16
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	Sub Total 20/24
	24
	
	
	
	
	
	
	
	
	
	

	IV SEMESTER (SPRING)

	1
	
	Interdepartmental 
	PG-17
	4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2
	ME-603
	Dissertation
	PG-20
	20
	-
	-
	-
	-
	-
	-
	-
	-
	-
	100

	
	
	Sub Total  20/24
	24
	
	
	
	
	
	
	
	
	
	

	
	
	Total 80/98 
	94
	
	
	
	
	
	
	
	
	
	


List of Major Electives

	S. No
	Subject Code
	COURSE TITLE

	1.
	ME 511
	Work System Design

	2.
	ME 512
	Manufacturing Strategy

	3.
	ME 513
	Human Resource Management

	4.
	ME 514
	Computer Integrated Manufacturing Systems

	5.
	ME 515
	Materials Management

	6.
	ME 516
	Productivity Engineering 

	7.
	ME 517
	Quality System Engineering 

	8.
	ME 518
	Product Design and Development

	9.
	ME 519
	Production Planning and Control

	10.
	ME 520
	Operations Research

	11.
	ME 521
	Financial Decision Making

	12.
	ME 522
	Supply Chain Management

	13.
	ME 523
	Operations Management

	14.
	ME 524
	Strategic Information Technology & Systems


List of Minor Electives

	S. No.
	Subject Code
	Course Title

	1.
	ME 535
	Energy Management

	2. 
	ME 546
	Pollution Control Technologies


Detailed Syllabi

MA 501 G: Design of Experiments 




 3L-1T-0S/ 4 credits

Estimation: Criteria for the best estimator, Point estimation, Interval estimation, Confidence interval of mean and variance, maximum error of estimates.

Testing of hypothesis: Comparison of sample mean and proportion for large samples. Testing of hypothesis for small samples based on students “t” test, paired “t” test, F test and X2 chi-square test. Testing of independents of attributes using X2  test.

Analysis of Variance (ANOVA): Concept of experiments, One-Way classification, Mathematical Analysis of Model. Two-way classification. Terminology of experimental design. Completely randomized designs. Factorial and split-Plot designs, Incomplete Blocks design Latin square design, analysis of covariance. Sums of products, analysis of covariance table. Two factor experiments. Multi-factor experiments. 2nd factor experiments. Fractional replication.

ME 501: Manufacturing System Analysis (PG – 14)      

         

 Cr.4 (3-1-0)

General System Theory, Fundamental of Manufacturing System, Process System for manufacturing, Management System for manufacturing.  Automation System for manufacturing, Information System for manufacturing, Global manufacturing, Manufacturing excellence for future production perspective.

System modeling tools and methods, System Planning tools, Integrated manufacturing System Design.

Simulation, Types of Simulation, Simulation methodology, Simulation languages & Simulators.

Books recommended:

Hiltomi, Manufacturing System Engineering Tailor & Francis.

David O’Sullivan, Manufacturing System Redesigning, Prentice Hall

 ME 511: Work System Design (PG – 15)





 Cr.4(3-1-0)

Work Study: Introduction to work study, methods study, principles of motion economy, filming techniques, micro motion analysis.

Introduction to work measurement, time study, performance rating, standard allowances, work sampling, predetermined motion time systems, case studies.

Ergonomics: Introduction of human factor engineering and man-machine systems, work physiology and methods of measurement of work, design and selection of display and controls.  Application of anthropometrics data and design of work place.  A layout, environmental studies industrial safety and training, case studies.                    

Facilities Planning & Design

Business process Re-engineering: Introduction, Evaluation of BPR, phases of BPR, Underlying Principles: Product and service delivery processes.  New organizational blue prints, Information Technology, case studies.

 Books recommended:

  Saunders, M.S.and Mc Cornic E.J., ‘Human Factors in Engineering & Design’ , McGraw Hill.

  Tompkins, James A, John A. White, facilities, planning, John Wiley Newyork.

   Peppaed Joe & Rouland Philip, ‘Essence of Business Process Re-     Engineering’,  Prentice Hall of     India Ltd. 

   Hammer Michael & Champy James ‘Re-Engineering the Corporation’ Nicholas, Brealey Publishing.

   Barns R.M, Motion & Time Study, John Wiely and Sons. 

ME 512: Manufacturing Strategy (PG – 15) 




Cr.4(3-1-0)

Manufacturing Strategy: Relevance and concept, strategic issues in manufacturing, content and process aspect of manufacturing strategy, International innovations in manufacturing.

Competitive priorities - quality, delivery, flexibility and cost, improvement activities.

Trade-offs in manufacturing priorities, focused manufacturing, Implementation of manufacturing policies, world class manufacturing.

Interface between manufacturing and marketing, inter-relationship among manufacturing

Managers, suppliers, customers and competitors. Human resource issues.

          Books Recommended:

 
Voss C. A, Manufacturing strategy, 1992, Chapman & Hall

  
Steve Brown, Manufacturing the future, 2000, Prentice Hall

  
Terry Hill, Manufacturing strategy, 1989, Homewood, IL

ME 513: Human  Resource  Management 





Cr.4(3-1-0)

Role and functions of Human Resource management, strategic human resource planning, structuring of organization, design of production organization, Motivation, Leadership, Team Building, Job design, Acquisition of human resources, {Performance Appraisal, Employee training and career development, Management of change, conflict management

Books Recommended

Robbins, S.P., Organizational Behaviour, Concepts, Controversies and Aplications, PHI

Monappa Arun & Saiyadain M.S., Personnel Management, TMH

ME 514: Computer Integrated Manufacturing System (PG – 15) 


Cr.4(3-1-0)

Information to automation & CIM, NC, CNC, DNC, PLC

Manual & Computer aided part programming Group Technology & Computer aided Process Planning.

Automated material handling system, Automatic Storage & retrieval system.

Robotics in Manufacturing System.

Solid modeling, database for CAD/CAM and data exchange standard.

Flexible Manufacturing System.

   Books recommended:

Ranky P.G. Computer Integrated Manufacturing, Prentice Hall

          
Mikell P.Groover, Automation, Production Systems and Computer Integrated Mfg, Prentice Hall

ME 515: Materials Management 







Cr.4(3-1-0)
Forecasting Techniques including Box Jenkins.  Material Requirements, Explosion and Levels.  Classification and Inventory Analysis.  Codification, Standardization and Variety Reduction Make or Buy Decision, Inventory Control techniques.  Inventory Systems, Material Requirements Planning, Phasing.  Materials Function including Budgeting, Purchasing and Vendor Development.  Spare parts Management.  Store and materials Accounting.  Import export policies, legal aspects purchasing.  Evaluation of Material Managements Performance.

Books Recommended:

Ammer Dean, Materials Management, Illions.

Baily, Pert & Farmer, Managing Materials in Industry, Grower Press, London.

ME516:  Productivity Engineering 






Cr.4(3-1-0)

Basic definitions and scope of productivity.  Significance of productivity in economic development.  Productivity Measurement at national level.  Diversity of productivity concepts. Partial productivity, total productivity and total factor productivity, Productivity measurement model, Total productivity models. Productivity Evaluation-Expression for total productivity change, the productivity Evaluation Tree.  Productivity Planning.   Long/short term productivity planning.  Causes of low productivity in organization. Strategies for productivity improvement.  Analytical productivity improvement model.  Productivity improvement techniques: Technology based, materials based, product based, employee based and task based.  Productivity in service industries; Case studies.

Books Recommended:
Scot Sink, Productivity Management: Planning Measurement and Evaluation. Control and Improvement – John Wiley, N.Y.

Sumnath, David J., Productivity Engineering & Management, Mc.Graw Hill N.Y.
ME 517: Quality System  Engineering 






Cr.4(3-1-0)

Fundamental of Quality, Contribution of Quality gurus, Quality Cost.

Statistical process Control & Process capability.  

Acceptance Sampling plans for attribute and variable.

Taguchi Quality loss function and concept of robust design.

Concept of six sigma, FMEA, QFD, Poka Yoke.

ISO 9000 series of standard, QS 9000, TQM, Quality circle.

Bench marking. Product Quality and reliability.

Books recommended:

     Grant, E.L.& Leavenworth R.S. Statistical Quality Control, McGraw Hill.

     Juran J.M& Gryna F.M. Quality planning and analysis, McGraw Hill.

     Koru Ishikawa, Guide to Quality Control, Asian Productivity Organization.

     Amitava Mitra –Fundamentals of Quality Control & Improvement, Mcmillan Publishing Company.

ME 518: Product Design & Development 






Cr.4(3-1-0)

Product definition, New product development concept, product development process, consumer behavior, identifying customer needs.  Establishing product specification, concept generation, concept selection and product architecture.

Industrial design, design for manufacturing prototyping, Economic analysis of new products.

Test marketing and commercialization of new products.

Books Recommended

       Chitle A. K and Gupta R.C, Product Design and Manufacturing, PHI

        Saunders, M.S.and Mc Cornic E.J., ‘Human Factors in Engineering & Design’, McGraw Hill.

        Ulrich K. T and Eppinger S.D, Product Design and Development, Mc Graw Hill

ME 519: Production Planning & Control 






Cr.4(3-1-0)

Management of Production Systems, Forecasting, Materials Management, Aggregate Planning, Master Planning Schedule, Capacity Planning, Production and Sequncencing, Resource Scheduling, MRP, JIT, OPT, TOC.

Books Recommended

Bedworth, David, D & James E Bailey, Integrated Production control Systems, John Wiley & Sons

Narsimhan S. L., Mcleavy, Billirgton, Production Planning & Invebntory Control, PHI

Monk, J. G., Operations Management, Mc Graw Hill

ME520: Operation Research 







Cr.4 (3-1-0)
Review of Business Statistics and Probability, Probability Distributions, Sampling Distributions, Estimation, Hypothesis Testing, Co-relation and regression analysis. Revision of Linear Programming Problem, Duality and Post Optimal Sensitivity Analysis.  Integer Linear Programming, Goal Programming, Dynamic Programming.  Simulation.  Design of Experiments.  Introduction to Non-linear Programming Problems.

Books Recommended:

Operations Research by Hamdy A.Taha, 6/e, PHI

 S. S. Rao, Optimization Techniques, Wiely Eastern

ME 521:  Financial Decision Making 






Cr.4 (3-1-0)
Financial Statement: balance sheet, P&L accounts, Financial analysis, liquidity ratios, leverage ratio, profitability ratios and activity ratios.

Profit planning: Break even analysis, marginal analysis, EPS, P/E ratio, Return- on- Investment leverage.

Capital Budgeting: Nature of Capital budgeting Decisions, time value of money,

Various approaches to evaluate investment proposals.

Risk and required return: Capital asset theory, weighted average required return, determination of required return, valuation of the firms common stock.

Short term and long term financial decisions: Sources of short-term finance, Sources of long term financing: convertible securities, warrants, effective cost of long term debt.

Dividends policies and decisions: Nature of dividend decision, factors affecting dividend decisions, alternative form of dividends, developing dividend policies.

Books Recommended:

Chandra Prasanna, Financial Management, Theory & Practice, Tata McGraw Hill.

Kuchal, S.C. Financial Management & Analytical and Conceptual Approach, Chitanaya Publishing House, Bombay.

John J. Humpton, Financial Decision-Making, Prentice Hall India.

I.M. Pandey, Financial Management, Vikas Publishing House.

      ME 522: Supply Chain Management 






Cr.4(3-1-0)
Role of Supply Chain Management, Scope and Importance.  Customer driver Strategies, Logistics and Competitive Strategy; System View, Co-ordination and Management of Transportation, Inventory, Order Processing, Purchasing, Warehousing, Materials Handling, Packaging.  Customer Service Management.  Marketing and Supply Chain Interface, finance and supply Chain Interface.  Distribution Policies and Plans.  International Logistics, Ocean Carrier Management.  Import-Export Logistic Management Decision Support Models of Supply Chain Management: Transportation Systems.  Warehouse Design, Distribution Policies, Transshipment.  Etc. Information Systems.

Books Recommended:

Ronald H. Ballou, Business Logistics Management, Prentice Hall

Martin Christopher, Logishes & Supply chain Management.

Mohanty. R. P, Deshmukh. S. G., Supply chain Management, Phoenix publishing  

ME 523:Operations  Management 







Cr.4(3-1-0)

Strategy & Competition, Manufacturing & Service Strategies, Forecasting, Aggregate Planning, Capacity Planning, Advanced Resource Management Techniques, Project management, Line Balancing, Theory of Constraints & Synchronous Manufacturing, Factory of the Future.

Book recommended:

Steven Natmias, Production & Operations Management, McGraw Hill, 2001
Panneerselvam, Production & Operation Management, Prentice Hall India

ME 524: Strategic Information Technology & Systems 




Cr.4 (3-1-0)

Concepts and Principles of Strategic Information Systems Management Information System (MIS), Information flow and Decision-Making. System Development Life Cycle.  Evaluation of MIS in an organization.  Database Management System (DBMS) Concepts Models of DBMS.  Hierarchical Network & Locational Design Considerations of DBMS Design Considerations of DBMS.  Normalization, File Introduction to ORACLE/INGRESSRDMS.  Evaluation of RDBMS Packages.  Design Support Systems Concepts, Architecture and Implementation.  Executive Information System: Distributed DATA Processing: Concept and Implementations considerations; Vertical, horizontal and heterogeneous systems.  Network structure & Architecture Type of Networks.  Wide Area Network (WAN) Local Area Network (LAN) Design consideration of LAN and its implementation criteria Ethernet, ARCNET, Token ring consideration in LAN environment and its advantages.  Difficulty with conventional manufacturing methods needs for intelligence, basic concept of Artificial Intelligence, Problem representation, Problem solution Techniques. K Overview of expert systems.

Books Recommended:

C.J.Date, An Introduction to DataBase Management System Norosa Publication House.

Martin J. Design and Strategy for DDP Prentice Hall.

Tannabaum, a.S.Computer Network, Prentice Hall.

ME 535 Energy Management  







Cr: 4 (3-1-0)

Introduction to Energy Management: Aims and approaches of auditing, types of energy audit, energy indices in residential, commercial and industrial sector, data collection.

Energy in Manufacturing: Energy and environmental analysis of products, energy consumption in manufacturing, laws of energy and materials flow.

Energy in Residential Sector: Supply of energy for rural and urban housing, fuel substitution, efficiency improvement of domestic appliances.
Instrumentation for Energy Management: Measurement of heat flux, radiation, psychometric variables, fluid flow & velocities, data analysis. 

Life Cycle Analysis: LCA of energy systems, concept of life cycle costing and its use.

Demand Side Management: Principles of DSM, rules and tools of DSM, fundamentals of demand response, DSM tools and practices.

Text books:

C.B. Smith, Energy Management Principles, Pergamon Press, New York, 1981.

Hamies, Energy Auditing and Conservation: Methods, Measurements, Management & case study, hemishpere, Washington, 1980.

Diamant R.M., Total Energy, Pergamon Press, Oxford, 1970.

     ME 546 Pollution Control Technologies 





Cr: 4 (3-1-0) 

Introduction: Introduction to air pollution, classification of pollutants, their effects, impact of environment on human.

 Air Pollution Sources: Mobile and stationary sources, types of plume dispersion mechanisms, air quality measurement concepts.

Control devices for particulate contaminants: gravitational settlement, centrifugal and wet collectors, fabric filters, cyclon separators, electrostatic precipitators

Control devices for gaseous contaminants from stationary sources: adsorption, adsorption, condensation, combustion based pollution control systems. 

Automotive Emission control: Types and construction of catalytic converters, emission control through operating parameters and engine design, alternative fuels for emission reduction.

Laws and regulations: National and international standards for mobile and stationary sources of air pollution.

Text book:

Howard S. Peavy, Donald Rowe; Environmental Engineering; Tata Mc-Graw Hill, 1989. 

DEPARTMENT OF METALLURGICAL ENGINEERING

ACADEMIC CURRICULUM

M. Tech. (NON FERROUS METALLURGY)

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area

Code
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	1st YEAR                                                  I SEMESTER (AUTUMN)

	1.
	MA 501D
	Institute Core (Advanced Mathematics)
	PG-11`
	4
	3
	1
	0
	3
	0
	20
	---
	20
	60
	---

	2
	MT 501
	Phase transformation and Equilibria
	PG-14
	4
	3
	1
	0
	3
	0
	20
	--
	20
	60
	---

	3
	
	Minor Elective – I (Inter Departmental)
	PG-16
	4
	3
	1
	0
	3
	0
	20
	---
	20
	60
	---

	4.
	
	Major Elective - I
	PG-15
	4
	3
	1
	0
	3
	0
	20
	--
	20
	60
	---

	5.
	
	Major Elective-II
	PG-15
	4
	3
	1
	0
	3
	0
	20
	---
	20
	60
	---

	6.
	
	Major Elective-III
	PG-15
	4
	3
	1
	0
	3
	0
	20
	---
	20
	60
	---

	
	Sub Total
	24
	

	                                                                    II SEMESTER (SPRING)

	1.
	IC502
	 Simulation & Modeling
	PG-12
	4
	2
	1
	2
	3
	0
	20
	20
	20
	40
	---

	2.
	HS
	Institute Core (Optional)
	PG-13
	2
	2
	0
	0
	3
	0
	---
	---
	---
	100
	---

	3.
	
	Minor Elective-II (Inter Departmental)
	PG-16
	4
	3
	1
	0
	3
	0
	20
	---
	20
	60
	---

	4.
	
	Major Elective-IV
	PG-15
	 5
	3
	1
	2
	3
	0
	10
	10
	20
	60
	---

	5.
	
	Major Elective-V
	PG-15
	5
	3
	1
	2
	3
	0
	10
	10
	20
	60
	---

	6.
	
	Major Elective - VI
	PG-15
	4
	3
	1
	---
	3
	0
	20
	---
	20
	60
	---

	
	Sub Total
	24
	

	2nd YEAR                                                  III SEMESTER (AUTUMN)

	1.
	MT601
	Seminar 
	PG-19
	4
	
	---
	8
	---
	---
	---
	60
	--
	-
	40

	2
	MT603
	Project
	PG-18
	4
	
	
	8
	
	
	
	60
	--
	-
	40

	3
	MT605
	Dissertation
	PG-20
	12
	
	
	14
	
	
	
	
	--
	-
	--

	
	Sub Total
	20
	

	                                                                     IV SEMESTER (SPRING)

	1.
	
	Interdepartmental, 

(Additional Course)
	PG-17
	4
	3
	1
	---
	3
	---
	20
	---
	20
	60
	---

	2
	MT605
	Dissertation
	PG-20
	20
	
	
	26
	3
	
	
	
	
	
	100

	
	Sub Total
	24
	

	                             Total
	92
	


Details of the subject of M.Tech.(Nonferrous Metallurgy)

	S. No
	Subject Code
	Course Title

	
	
	Minor Electives (Inter-Departmental)

	1
	ME-512
	Manufacturing Strategy

	2
	ME-514
	Computer Integrated Manufacturing Systems

	3
	ME-515
	Materials Management

	4
	ME-518
	Product Design and Development

	
	
	Major Electives

	
	
	Major Electives –I

	1
	MT-503
	Extraction of Nuclear and Space Metals

	2
	MT-505
	Physical Metallurgy of special Purpose Non-ferrous Metals and Alloys

	3
	MT-507
	Industrial Corrosion and its Control

	
	
	Major Electives – II

	4
	MT-509
	Operations Research

	5
	MT-511
	Casting Practice of Light Metals & Their Alloys

	6
	MT-513
	Advanced Mineral Processing

	
	
	Major Electives – III

	7
	MT-515
	Characterization of Metals and Alloys

	8
	MT-517
	Treatment of Metallurgical Wastes & Recovery of By-products

	9
	MT-519
	Superalloys

	
	
	Major Electives-IV

	10
	MT-502
	Advances in Production of Common Non-ferrous Metals

	11
	MT-504
	Advanced Techniques for Joining of Metals & Materials

	12
	MT-506
	Total Quality Management

	13
	MT-508
	Selection of Metals and Alloy Design

	
	
	Major Electives–V

	14
	MT-510
	Forming of Non-ferrous Metals & Alloys

	15
	MT-512
	Non-equilibrium Solidification of Metals & Alloys

	16
	MT-514
	Industrial Heat Treatment

	17
	MT-516
	Failure Analysis

	
	
	Major Elective –VI

	18
	MT-518
	Powder Metallurgy of Non-ferrous Metals & Alloys

	19
	MT-520
	Composite Materials

	20
	MT-522
	Environmental Management in Metallurgical Industries


Syllabus for M. Tech. (Non-ferrous Metallurgy) 

MA-501D       Advanced Course In Mathematics




3L-1T-0P/Credits:4

Statistics and Probability: Probability theory, Baye’s theorem, Binomial, Poisson and normal distributions, testing of hypothesis, Chi square test goodness of fit, independence of two variables, student t-test, analysis of variance, F-test, correlation and regression, coefficient of correlation, rank correlation, lines of regressions.

Stochastic Process: Poison process for discrete parameters, Markov chains, queing theory.
Calculus of Variations: Functionals, Euler equations for one and several variables; isoperimetric problems; Applications.

Optimization Techniques: Unsconstrained optimization, optimization of functions of two variables, Lagrange’s multipliers, Linear programming-simplex method, Transportation problems, Assignments problems.

MT-501 Phase Transformations and Equilibria




3L-1T-0P/Cr.: 4

Phase Diagrams and Phase Equilibria, Nucleation and change of state, Types of Phase transformation, Gas to Liquid, Liquid to solid and solid state transformations.

Classification of solid State transformations, Diffusion in solids, Kirkendal effect, diffusional and diffusionless transformations, solid solutions, Precipitation hardening, Order-Disorder, Massive and Spinodal transformations. Thermodynamics, Kinetics, Nucleation and growth of all types of transformatins. Recovery, Recrystallization and Grain Growth.

Reference:

1. Phase Transformations in Metals and Alloys by David Porber and Kenneth Estekling 

2. Physical Metallurgy – R.W. Chan

3. Kinetics of Phase Transformations- J. Bu
MT -503   Extraction of Nuclear and Space Metals       


3L-1T-0P/Cr.4

Brief outline of essential requirements of nuclear and aerospace metals.

Extraction of Nuclear Metals:

Atomic minerals, their occurrence in India, general methods of their processing. Production metallurgy of nuclear grade uranium, thorium, beryllium and zirconium. Production of enriched uranium. Processing of spent fuel and extraction of plutonium.

Indian Reactors and Atomic Energy Program.

Extraction of space age metals: aluminium, lithium, silicon, magnesium, and titanium.

References:

1. C. D. Harrington and A. D. Ruechle; Uranium Production Technology.

2. S. Glasston; Nuclear Reactor Engineering.

3. R. G. Bellarry and N. A. Hill; Extraction and Metallurgy of Uranium, Thorium and Beryllium;   Pergamon Press Ltd. 

4. W. D. Jamruck; Rare Metal Extraction by Chemical Engineering Technique; Pergamon Press Oxford. 

5. G. L. Miller; Metallurgy of Rare Metals.

6. A. J. Kaufmenn et al.; The Metallurgy of Zirconium.

7. N. Seuryukov; Non-ferrous Metallurgy; Mir Publishers, Moscow.  

8. W. A. Krivsky; High Temperature Refractory Metals; Gordon and Breach, New York.

MT-505 Physical Metallurgy of Special Purpose Non-Ferrous Alloys    
3L- 1T-0P/ Cr. 4
Special purpose metals and alloys of aluminium, magnesium, titanium, copper, nickel,  lead, zinc and tin for critical appraisal of their application. 

Physical properties electrical conductivity, thermal conductivity and magnetic properties. Alloying nature, Phase diagram of important alloy systems, Non-equilibrium modifications. Structure and properties changes. Theories and mechanism of heat treatment processes. 

Corrosion and oxidation characteristics. 

Deformation and heat treatment, Effect of temperature, alloying additions and impurities. Recovery, recrystallization and grain growth.

Fabrication and joining techniques.

Bearings, low melting point alloys and die-casting alloys. 

References:

1. ASM Metals Hand Book, Vol. 2.

2. ASM Metals Hand Book, Vol. 3.

3. Light Alloys- Metallurgy of the light metals by I. J. Polmear, Edward Arnold.

4. Engineering Materials: Properties and Selection by K.G. Budenski, PHI, New Delhi.

5. Engineering Metallurgy, Part 1, by R. A. Higgins, ELBS/Edward Arnold.

6. Introduction to Engineering Materials by Vernon John, Macmillan Education Ltd., London.

MT-507 Industrial Corrosion & Its Control  




3L-1T-0P/Cr. 4

An over view of thermodynamic & kinetic aspects of corrosion. Causes, mechanism & methods of prevention of various forms of corrosion with special reference to uniform, bimetallic, pitting, erosion, intergranular corrosion, stress corrosion cracking, corrosion fatigue, dealloying & oxidation of metals. Effect of metallurgical and environmental variables on corrosion.

Study of corrosion testing methods, their relative merits & demerits. Construction & working of a potentiostat & its applications. Corrosion monitoring & inspection.

Case studies: Specific corrosion Problems & their solutions in automobile, aviation, petroleum, food processing & distribution industries, nuclear reactors, water supply systems, cooling systems, hot water systems, pipelines, reinforcement in concrete structures, marine environments, biomedical devices.

References

Corrosion: Vol. I & II by L.L. Shrier, R. A. Jarmon & G.T. Bursteir, Butterworth & Heinemann publications, Great Britain.

Corrosion Science & Technology by David Talbot & James Talbot, CRC Press, London.

Corrosion Engineering by  Mars G. Fontana Pub. by McGraw Hill, N.Y.

Principles & prevention of Corrosion by Denny A. Jones, Prentice Hall. N.J.

 Journals of Corrosion Prevention & its control.

Metals Handbook, Vol. 13, Corrosion, Ninth Edition, ASM Publication.

MT-509  Operations Research 






3L-1T-0P/Cr.4

Introduction : Concept, characteristics, phases and steps of O.R.

Linear Programming: formulation of the problems, various cases, Simplex method, Artificial variable techniques, Duality.

Transportation and Assignment : Solution of the problem, Degeneracy, assignment problem, Transhipment model.

Inventory Control: Introduction, modeling, various inventory models with examples.

 Project Scheduling: Phases of project scheduling, by PERTL and CPM. Network preparation and analysis, Cost consideration, Applications.

Dynamic Programming: Formulation, solution and application, various cases with examples.

Queue Theory: Objective, elements of queueing system, important models.

Goal programming, Sequencing theory, Integer programming, Replacement theory, Game theory, Simulation, Optimization techniques for non linear programming.

References:

Engineering Optimization, S.S. Rao, New Age International New Delhi.

Operation Research, H.A. Taha, Prentice Hall of India.

Operation Research, B.S. Goyal and S.K.Mittal, Pragati Prakashan Meerut.

Optimization Techniques, S.K.Jain and D.M.Mehta, Jaipur Publishing House, Jaipur.

MT-511 Casting Practice for Light Metals & Alloys

3L-1T-0P/Cr. 4
Aluminium and Magnesium and their alloys: 

Casting properties, melting practice (types of furnaces, fluxes, grain refiners, nucleating agents & filters used), castings processes, solidification, gating and risering, degassing and inclusions control.

Casting defects, causes and remedies, finishing inspection of castings.

 Beryllium, Titanium and their alloys:

Melting and casting practice, solidification, casting defects, causes and remedies .

References:

Heine R.W., Loper C.R. and Rosenthal P.C., Principles of metals casting, McGraw Hill.

P. L. Jain, Principles of Foundry Technology, Tata McGraw Hill

D. Kumar & S. K. Jain, Foundry Technology, CBS, New Delhi.

P.C.Mukharji, Metal Cast Technology, IBH & Oxford Publications.

MT-513 Advanced Mineral Processing




3L-1T-0P/Cr. 4

Comminution – physical concepts of fracture, theories of crushing and grinding.

Theoretical basis of ore beneficiation by gravity, electrostatic and flotation concentration, The phases in flotation systems, surface tension, contact angles, Gibb’s adsorption equation, The physical chemistry of solid-gas-solution interfaces, electrical effect of interfaces-electrokinetic phenomena at gas-liquid interfaces. Mechanism and modulation of collection. Kinetic  considerations in flotation.

General principles of mill location, mill design and construction, mill operation, mineral dressing economics, milling cost and evaluation of metallurgical results. 

Chemical treatment of ores.

References:

Flotation by A. M. Gaudin.

Ore processing by S. K. Jain.

Mineral Processing by Priyor.

MT-515 Characterization of Metals and Alloys



3L-1T-0P/Cr. 4
Introduction: Scope of subject, classification of techniques for characterization, macro- and micro- structure characterization of solids using transmission and scanning electron microscopy.

Methods of structure determination: X-ray, Electron- and Neutron-diffraction.

Methods involving materials analysis: Electron microprobe analyzer, X-ray diffraction, and X-ray fluorescence. Atomic absorption spectrometry and spectrophotometry.

Methods for direct observations of lattice imperfections:  Electron microscopy and Field ion microscopy.    Etch pit techniques 

Quantitative Metallography: Image analysis. 

Reference:

Techniques of Metals Research Vol. 1 Part 1 & 2 by R. F. Bunshah.

Elements of X-ray diffraction by B.D. Cullity (Addison Wesley 1978).

Metals Hand Book, 9th edition, ASM Vol. 10. (Materials characterization, ASM 1980).

X-ray Metallography by A. Taylor, J. Wiley, New York.

MT-517  Treatment of Metallurgical Wastes and Recovery of By-Products
3L-1T-0P/Cr.4
Types of metallurgical wastes and their sources, their effects on human and social life.

Sources and handling of red mud, recovery of valuables from red mud. 

Applications of red mud- present and future 

Recovery of valuables from pot linings, vanadium sludge, aluminium plant gases and anode butts.

Treatment of anode mud of copper production for recovery of precious metals. Treatment of sulphur bearing gases from copper production. Treatment of effluents from lead and zinc production.

Recovery of valuables from dross during refining of lead.

References: 

Encyclopedia of Chemical Tech. (Vol.1–25) Edited by Jacaqueling I., Kroschivtz, John Wiley and sons.

Enclyclopedia of chemical Processing & Design,Volume (1-32), Edited by J. Mcketta and William A. Cunnghain, Marcel Dekkar Inc, New York.

Extraction of Copper by Biswas & Davenport.

MT 519 Superalloys







3L-1T-0P/Cr.4

Requirements of materials for high temperature applications. Effect of elevated temperature on the properties of materials. Designing for high temperature alloys.

Commonly used non-ferrous superalloys and their characteristics.  Creep, fatigue, oxidation, sulphidization and hot corrosion resistance of superalloys.

Workability, machinability and weldability of superalloys.

Industrial applications of commonly used superalloys.

References:

1. ASM Metals Hand Book, Vol. 2.

2. ASM Metals Hand Book, Vol. 3.

3. Sims, C.T.; and Hagel, W.C.; The Superalloys, John Wiley & Sons, London.

4. Hehemann, R. F. and Ault, G. M.; High Temperature Materials, John Wiley & Sons, London.

MT-502  Advances in Production of Common Nonferrous Metals                        3L-1T-0P/Cr.4
Aluminium: Developments in production of alumina by Bayer’s Process and alternatives to Bayer’s Process. Carbon Technology, Improvements in Hall Haroult Process and alternatives. Production of super purity aluminium.

Copper: Developments in copper smelting. New processes for extraction of copper. Energy concepts in copper smelting. Losses of copper in slag and its recovery. 

Lead & Zinc: Advances in production of zinc & lead. Newer processes in zinc extraction by pyrometallurgy & hydrometallurgy. Imperial smelting process. Treatment of complex sulphide ores containing lead, copper and zinc. Production of zinc from lead slags by slag fuming.

Nickel and Cobalt:  Extraction practices from sulphide ores, lateritic oxide ores, refractory ores and wastes and scraps.

General: Numerical Problems based on energy and material Balance.

Reference:

Extraction of nonferrous metals – By Gill.

Extraction of Copper – Biswas d& Davenport.

Encyclopedia of Chemical Tech. (Vol.1–25) Edited by Jacaqueling I., Kroschivtz,        John Wiley and sons.

Enclyclopedia of chemical Processing & Design,Volume (1-32), Edited by J. Mcketta and William A. Cunnghain, Marcel Dekkar |Inc, New York.

MT-504 Advanced Techniques for Joining of Metals & Materials                         3L-1T-0P/ Cr.4

Welding Process, classification, various welding techniques and their principles, Electron beam, Plasma, Laser, explosive welding techniques. Welding Process variables such as heat source, heat flow, gas-metal and slag-metal reactions, Fluxes and filler materials, protective atmospheres. Metallurgical variables, weld joint microstrtucture, grain growth, gas absorption, solidification, precipitation, residual stress, welding defects. Welding applications with respect to ferrous and non-ferrous metals and alloys.

Joining of Plastics.

References:

Modern Welding : A.D. Althouse, C. H. Turnquist and W.A. Bowditch, The Goodheart – Willcose Co.

Welding and Welding Technology : R.L. Little, Tata McGraw Hill Co.

The Science and Practice of Welding, Vol. 1 & 2 : A.C. Davies, Cambridge University Press, Cambridge.

Welding Processing and Technology : R.S. Parmar, Khanna Publishers, Delhi.

Welding Handbook, Section 1 to 5 : American Welding Society.

MT-506 Total Quality Management





 3L-1T-0P/Cr.4

Quality concept, brief discussion about work of Deming, Juran and Taguchi; 

Statistical process control, control charts variable and attribute. Process capability studies, problem solving tools and techniques. Acceptance sampling – sampling by attribute, Concept of six sigma.

Quality system standard – ISO 9000, QS 9000, ISO 14000. 

Application of TQM in Metallurgical industries 

References:

Paul James; Total Quality Management, Prentice Hall

Juran & Caryana, Quality Planning Analysis.

E.L. Grant, SQC.

Indian Foundry Journal

MT-508 Selection of Materials and Alloys Design 




3L-1T-0P/ Cr.4

Importance of material selection. Factors affecting material selection. Impact of material manufacturing processes on material selection.

Concept and significance of alloy design. Alloy design methodology. Design for non-ferrous high strength materials, tough materials, fatigue resistant materials, creep resistant materials, wear resistant materials and corrosion resistant materials.

References:

ASM Handbook, Vol. 2, Properties and Selection: Nonferrous Alloys and Special-Purpose Materials, Materials Park, Ohio: ASM International, 1990.

Boyer, H.E.(ed.), Selection of Materials for component Design: Source Book, Metals Park, Ohio; American Society for Metals, 1990.

Sedlack, V., Nonferrous Metals and Alloys, New York; Elsevier, 1986.

Ashhby, M.F. Materials Selection in Mechanical Design, New York: Pergamon, 1992.

Ranganathan S., Arunachalam V.S. and Cahn R.W. (Eds.), Alloy Design, Indian Academy of Science, Bangalore, 1981.

Tien John K. and Ansell George S. (Eds.), Alloy and Microstructural Design, Academic Press.

MT-510  Forming of Non Ferrous Metals & Alloys




3L-1T-0P/ Cr.4

Metallurgical factors : Introduction to metal forming, Principles of nonferrous metals forming, classification of forming processes, Factors affecting the formability, Effect of temperature, composition & strain rate.

Extrusion : Types of extrusion, |Process variables, impact extrusion. Defects and quality control.

Forging : Processes, equipment, defects and quality control, Rotary swaging.

Rolling : Types of rolling, Process variables, Roll pass design, defects.

Sheet Metalworking Processes: Blanking, spinning, coining Hammer forming, Roll forming, Rubber deforming stretch forming.

Forming wire, Bar of tubes: Metallurgical consideration, wiredrawing seam & seamless tubes.

Miscellaneous forming operations, high energy rate forming.

References:

M.F. Ashby and D.R.H. Jones, Engineering Materials Vol. 2, Pergamon Press.

R.A. Higgins, Engineering Metallurgy, Part II, Metallurgical Process Technology.

G.E. Dieter, Mechanical Metallurgy, McGraw Hill Book company.

Aluminium, Vol III – Fabrication and Finishing, Ed. K.R. Van Horn. American society for Metals.

The Hot and Cold Working of Non-Ferrous Metals and Alloys, Symposium Institute of Metals.

MT-512 Non-Equilibrium Solidification of Metals and Alloys


3L-1T-0P/Cr.4

Solidification of metals and alloys, Non-equilibrium solidification, undercooling, types of undercoolings, phase diagrams, non-equilibrium phase diagrams, to line concept.

Rapid solidification, Techniques for rapid solidification, Equilibrium phase, Meta stable phase,  Extension in solid solution, Quasi crystals, Nano-crystals. Capacitors through rapid solidification techniques. Synthesis of rapidly solidified powders.

References:

Metallic Glasses, T.R.Anantharamon.

Rapid Solidification Technology. Ed. T.R. Anantharamon & C. Suryanarayana. Trans. Tech. Publications.

Solidification Processing, M.C. Flamings.

Advances in Materials and their Applications, Ed. P. Ramarao.

MT-514 Industrial Heat Treatment                           




 3L-1T-0P/Cr.4

Important heat treatment operations given to alloys. Effect of heat treatment on microstructure and properties. Thermomechanical heat treatment.

Heat treatment furnaces, Furance atmospheres and their control. Heat treatment defects, specific heat treatments for specific applications such as wear, magnetic, high temerature applications for specific alloys.

References:

Wear Resistance of Metals and Alloys: G.R. Kingsbuley, American Sciety of Metals.

The Super Alloys: C.T. Sims and W.C.Hagel 

Light Alloys : Metallurgy of Light Metals – I.J.Polmsur

MT-516 Failure Analysis







3L-1T-0P/ Cr.4

Types of failure in metallic materials. Factors causing failures of metallic materials. Falure Analysis methodology. Tools for failure analysis. Engineering Design for failure prevention.

References:

F.A.A. Crane and J.A. Charles, Selection and Use of Engineering Materials.

S.Telelmam and A.J. McEivly,  Fracture of Structural Materials.

J.E. Knott, Fundamentals of Fracture Mechanics.

R.D. Barer and B.F. Peters, Why Metals Fail.

MT-518 Powder Metallurgy of Non-Ferrous Metals & Alloys


 3L-1T-0P/Cr.4
Elements of powder Metalurgy : Historical background Powder, production techniques, Characterization, conditioning, compaction, sintering  and applications.

Non-ferrous Powder Metallurgy: Production of Al, Cu, Mg, Ti, Ni, Co and Be elemental and alloy powders, Production of tungsten carbide, titanium carbide and tantalum carbide powders.

Liquid phase sintering of copper and tin powders, non-porous bearing, silver-tin amalgam for dental restorations.

Powder rolling of aluminium, nickel and copper.

Injection moulding, loose powder sintering, slip casting and infiltration with special reference to non-ferrous metals.

Properties and specifications of P/M structural parts from aluminium alloys and copper alloys, their applications and economics, Powder forgings.

Wrought P/M products of beryllium, magnesium, aluminium, superalloys, dispersion strengthened alloys.

Powder metallurgical magnets: alnico magnets, cobalt-rare earth magnets, elongated single domain magnets, magnets for high frequencies.

Powder metallurgy of the refractory and ractive metals: tungsten wire and other products, molybdenum, tantalum, titanium, zirconium and other alloys.

Powder metallurgy of superconducting materials. 

Naropowders: production, properties & applications.

References:

J.S. Hirschoron – Introduction to Powder Metallurgy

R.H.T. Dixon & A.  Clayton – Powder Metallurgy for Engg.

R.M. Geloman, Powder Metallkurgy Science, MPIF, 1984.

F.V. Lenel, Powder Metallurgy – Principles & Applications, 1980.

ASM Metals hand book, V. 7 ‘Powder Metallurgy’

MT- 520 Composite Materials






3L 1T 0P /Cr. 4
Definition, importance of composite materials over other engineering materials; advantages and disadvantages of composites; general characteristics, general requirements of composite materials. Classification of composites on the basis of microstructure, reinforcement geometry and matrix materials.

Forms of reinforcements, their function and characteristics. Functions of matrices and their characteristics.

Dispersion strengthened, particle strengthened and fibre-reinforced composites. Strengthening mechanisms, Rule of mixture. Continuous and discontinuous fibre composites.

Major composite classes – polymer matrix, metal matrix and ceramic matrix composites. Hybrid composites. Examples of these composites. Role of interfaces in composites. Toughening mechanisms in PMC, MMCs and CMCs. Fabrication of fibre reinforced composites.

Laminated, sandwich and filled composites: Applications of composites.

Reference:

Composite Materials: Properties, Non-destructive testing and repair by Mel M. Schwartz, Pub: Prentice Hall, New Jersey.

Industrial Materials: Polymers, Ceramics and composites, Vol. 2 by David A Colling and Thomas Vasilos, Pub.: Prentice Hall, N. Jersey.

Modern composite Materials by L.J. Broutman and R.M. Krock Pub.: Addison- Wesley.

Composite Materials – Science and Engg. By K.K. Chawla, Pub.: spriger-Verlag, New York
MT-522  Environmental Management in Metallurgical Industries

3L - 1T- 0P/Cr.4
Relationship between metals, materials and denvironment. Treatment of toxic effluents from Al, Cu, Zn, Pb smelter utilizing low grade mineral absorbent. Processing of waste solution containing heavy metals. Emissions from metallurgical industries and their control. Noise pollution in metallurgical industries and foundries and its management.

Need for energy efficiency and promotions of cleaner production in foundry and metallurgical industries. Environmental legislation related to metallurgical industries.

References:

Dastur M.N. – Proceedings of Seminar on Management, Environment, Feb. 1994.

Lahari A.K. - Environment and Waste Management in Iron and Steel Industries 1999.

Gupta  R.C.  – Proceedings of the International Conference on EMMI-2000.

Elective interdepartmental (Minor Electives for other departments)

MT 602   Engineering Materials and Processing Technology

3L-1T-0P/Cr. : 4
Classification and nature of engineering materials, Properties and selection principles. Crystal and polymeric structure of materials, Phase diagrams.

Steel and Cast Iron products, Metallurgy and spectrum of steels and cast irons. Carbon and alloy steels, stainless steel, Tool  Steels and their designation, die steels, Heat treatment. Surface and selective hardening.

Aluminium and its alloy: Alloy designation types of products, Heat treatment and corrosion

Copper and its alloys: Spectrum of copper and its alloys, Heat treatment, Fabrication, Wear Resistance, Alloy selection and corrosion.

Magnesium, Nickel, Zinc, Titanium and Refractory Metals: Selection in solving design problems, Metallurgy and properties, alloy specification.

Polymeric Materials: Nature and their behaviour, Plastics & Elastomers, Polymerisation Reactions. Deformation and Strengthening mechanism.

Ceramic Materials: Nature and morphology of ceramics and glasses, Electrical, mechanical and thermal porperties, Processing Techniques.

Composites: characteristics and classification of composites, Matrix materials, Types of fibres, dispersoids, Processing of composites

Reference:

William F. Smith: Principles of Materials Science & Engineering, McGraw Hill International.

Von Vlack : Elements of Materials Science & Engineering, Wesley Publishing Co.

Callister N.D. Materials Science & Engineering, John Wiley and Sons.

Bundiski K.G. : Engineering Materials, Prentice Hall of India.

MT  514  Industrial Heat Treatment                        




 3L-1T-0P/Cr.4

Important heat treatment operations given to alloys. Effect of heat treatment on microstructure and properties. Thermomechanical heat treatment.

Heat treatment furnaces, Furnace atmospheres and their control. Heat treatment defects, specific heat treatments for specific applications such as wear, magnetic, high temperature applications for specific alloys.

References:

Wear Resistance of Metals and Alloys: G.R. Kingsbuley, American Sciety of Metals.

The Super Alloys: C.T. Sims and W.C.Hagel 

Light Alloys : Metallurgy of Light Metals – I.J.Polmsur

MT 604  Defromation, Fracture and Failure Analysis 3L-1T-0P/Cr. 4
Dislocation theory, plastic deformation in metals and alloys. Effect of temperature, stress and Environment on deformation.

Types of Fracture: Brittle fracture, ductile fracture, creep and fatigue fracture, fracture toughness and its determination. Deformation mechanism major.

Fractography: Macroscopic, Microscopic failure analysis and some case studies.

Reference:

Advances in Research in Strength and Fracture of Materials, P.R.R. Toplix, Pergaman Press.

Metallography in Failure Analysis, J.L. Ma Cal and P.M. French, Plenum Press.

Deformation and Fracture Mechanics of Engineering Materials- R.W. Hertzberg, John Wiley and Sons.

Mechanical Behaviour of Materials, T.H. Courney, McGraw Hill International

Analysis of Metallurgical Failure, V.J. Golangelo and F.A. Heiser, John Wiley and sons.

MT-507 Industrial Corrosion & its Control  




3L-1T-0P/Cr. 4

An over view of thermodynamic & kinetic aspects of corrosion. Causes, mechanism & methods of prevention of various forms of corrosion with special reference to uniform, bimetallic, pitting, erosion, intergranular corrosion, stress corrosion cracking, corrosion fatigue, dealloying & oxidation of metals. Effect of metallurgical and environmental variables on corrosion.

Study of corrosion testing methods, their relative merits & demerits. Construction & working of a potentiostat & its applications. Corrosion monitoring & inspection.

Case studies: Specific corrosion Problems & their solutions in automobile, aviation, petroleum, food processing & distribution industries, nuclear reactors, water supply systems, cooling systems, hot water systems, pipelines, reinforcement in concrete structures, marine environments, biomedical devices.

References:

Corrosion: Vol. I & II by L.L. Shrier, R. A. Jarmon & G.T. Bursteir, Butterworth & Heinemann publications, Great Britain.

Corrosion Science & Technology by David Talbot & James Talbot, CRC Press, London.

Corrosion Engineering by  Mars G. Fontana Pub. by McGraw Hill, N.Y.

Principles & prevention of Corrosion by Denny A. Jones, Prentice Hall. N.J.

 Journals of Corrosion Prevention & its control.

Metals Handbook, Vol. 13, Corrosion, Ninth Edition, ASM Publication.

MT 606  Casting Technology







3L-1T-0P/Cr. 4
Patterns: Materials for patterns, Types of patterns, selection of pattern type, pattern colours and markings, pattern storage, pattern making machines and tools, pattern allowances & design considerations.

Sand Moulding: Types of moulds, properties and selection of sands, clay bonding agents, sand mixtures, conditioning of moulding sand.

Sand Cores and Core making : Types of cores core, composition, core mixtures, reinforcing of cores, core ramming, stock cores, core baking, core washes, assembly and core setting, design considerations, core making machines.

Casting processes: Shell moulding, carbon dioxide moulding, plaster moulding, Investment casting, permanent mould casting, die casting, slush casting, centrifugal casting.

Solidification of metals and alloys, segregation. 

Gating & Risering : Gating design, aspiration effect, effects of friction and velocity distribution, Riser design and placement. Types of risers, methods to achieve directional solidification. 

Casting Defects: Types of casting defects and their remedies.

Casting design: metallurgical, design and economic considerations, computer – aided design and drafting in foundries.

Melting Furnaces: Induction furnace, oil fired furnace, electric resistance furnace, cupolas, etc.

Melting practice for S.G. iron,  grey iron, aluminium and copper alloys

Quality control in foundries.

References:

R.W. Heine, C.R. Loper, P.C. Rosenthal, Principles of Metal Casting, Tata McGraw Hill Pub. Co. Ltd., New Delhi

P.L. Jain, Principles of foundry Technology, Tata McGraw Hill Co. Ltd., New Delhi.

P.L. Jain, Tool Engineering for Metal Casting Processes, Tata McGraw Hill Co. Ltd., New Delhi.

H.F. Taylor, M.C. Flemings, J. Wulf, Foundry Engineering, Wiley Eastern Ltd., Delhi.

Amitabh Ghosh & Ashok, Kumar Mallik Manufacturing Science, Affiliated East – West Press Pvt. Ltd., New Delhi.

P.C. Mukherjee, Fundamentals of Metal Casting Technology, Oxford & 1BH Pub. Co. Pvt. Ltd., New Delhi.

Foundry TEchnology, D. Kumar & S.K.Jain, CBS, Publishers, New Delhi

ACADEMIC CURRICULUM

M.Tech. (CAD in Structural Engineering)

	S. No.
	Subject Code
	Course Title
	Subject Area
	Credits
	Contact Hours per week
	Exam. Duration (Hrs.)
	Relative Weightage (%)

	
	
	
	
	
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	1st Year
	               I-Semester (Autumn)

	1.
	MA501B
	Mathematics 
	PG-11
	4
	3
	1
	-
	3
	
	20
	
	20
	60
	

	2.
	ST501
	Advanced Structural Analysis
	PG-14
	4
	3
	1
	-
	3
	
	25
	 
	25
	50
	

	3.
	
	Major Elective-I
	PG-15
	4
	3
	1
	-
	3
	
	25
	
	25
	50
	

	4.
	
	Major Elective-II
	PG-15
	4
	3
	1
	-
	3
	
	25
	
	25
	50
	

	5.
	
	Major Elective-III
	PG-15
	4
	3
	1
	-
	3
	
	25
	
	25
	50
	

	6.
	
	Minor Elective-I
	PG-16
	4
	3
	1
	-
	3
	
	25
	
	25
	50
	

	Sub Total
	24
	
	
	
	
	
	
	
	
	
	

	II-Semester (Spring)

	1.
	IC502
	Simulation & Modeling
	PG-12
	4
	2
	1
	2
	3
	-
	20
	20 
	20
	40
	

	2.
	
	Major Elective-IV
	PG-15
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	3.
	
	Major Elective-V
	PG-15
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	4.
	
	Major Elective-VI
	PG-15
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	5.
	
	Minor Elective-II
	PG-16
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	Sub Total
	20
	
	
	
	
	
	
	
	
	
	

	2nd Year                                                             III-Semester (Autumn)

	1.
	ST601
	Seminar
	PG-19
	4
	
	
	
	
	
	
	60
	
	
	40

	2.
	ST602
	Project
	PG-18
	4
	
	
	
	
	
	
	60
	
	
	40

	3.
	ST603
	Dissertation
	PG-20
	16
	
	
	
	
	
	
	
	
	
	

	Sub Total
	24
	
	
	
	
	
	
	
	
	
	

	IV Semester (Spring)

	1.
	
	Course from Other Dept.
	PG-17
	4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2.
	 ST603
	Dissertation (Contd. From III Semester)
	 PG-20
	20
	
	
	
	
	
	
	
	
	
	100

	Sub Total
	24
	
	
	
	
	
	
	
	
	
	

	Total
	92
	
	
	
	
	
	
	
	
	
	


Departmental Core: 

1. ST: 501 : Advance Structural Analysis  

Major Electives (Major area of specialization)

ST 511 : Advance Solid Mechanics

ST 521 :  Structural Dynamics

ST 531 : Soil Structure Interaction

ST 541 : Concrete Technology

ST 551 : Structural Optimization

ST 561 : Design of Steel Structures

ST 571 : Design of Concrete Structures  

ST 512 : Bridge Engineering

ST 522 : Tall Buildings

ST 532 : Prestressed Structures

ST 542 : Earthquake Engineering

ST 552 : Reliability based Structural Engineering Design

ST 562 : Plates and Shells

ST 572 : Finite Element Methods

Minor Electives (Minor area of specialisation) (From Geotechnical specialization)

1. ST 591 : Advanced foundation design 

2. ST 592 : Ground improvement techniques 

3. Courses from Major electives in M.Tech. in Transportation, Environmental and Water Resources Engineering.

Advanced Structural Analysis (ST501)

Matrix methods in skeletal structural analysis : force and displacement methods; Structure on elastic foundation; Direct stiffness method; Member stiffness matrix; Formation of joint stiffness matrix and vectors; Rotation of axes in two and three dimensions; Analysis and computer formulations of continuous beams, plane frames, plane trusses, space trusses and space frames.

Advanced Solid Mechanics (ST511 )   

Linear elasticity, Stress, strain, constitutive relations; Boundary conditions, Description of an Elasticity problem as a boundary value problem, Plane stress, strain, axi-symmetric problems, Large displacements and large strains; Cartesian, cylindrical and spherical coordinates; Introduction to curvilinear coordinates; Thermal strains. Introduction to plasticity; Yield condition; Ideal elasto-plastic material; Complete formulation for an elasto-plastic problem.

Structural Dynamics (ST 521)

SDOF System: Equation of motion; Free vibration; Harmonic load; Evaluation of damping; Periodic load; General load (time domain, frequency domain); Response spectrum load. MDOF System: Structural matrics; Undamped free vibration; Generation of damping matrix, Mode superposition analysis; Practical considerations. Continuous Systems : Equation of motion; Undamped free vibration; Forced response. Random Vibrations: Random variables and random recesses; Models of random dynamic loads; Stochastic response of SDOF and MDOF systems.

Soil Structure Interaction (ST531)

Critical study of conventional methods of foundation design, nature and complexities of  soil structure interaction, application of advanced techniques of analysis; such as the finite element method, finite differences, relaxation and interaction for the evaluation of soil structure interaction for different types of structures under various conditions of loading and subsoil characteristics; preparation of comprehensive design oriented computer programmes for specific problems. Interaction problems based on the theory of sub grade reaction such as beams, footings, rafts, bulkheads etc. Analysis of different types of frame structures founded on stratified natural deposits with linear and nonlinear stress strain characteristics., Determination of pile capacities,  group action of piles considering stress strain characteristics of real soils, Anchor piles and determination of pull out resistance.

Concrete Technology (ST 541)

Review of constituent materials and mix design, admixtures, properties of concrete in fresh state and hardened state, special concretes, durability of concretes subjected to extreme environment, deterioration mechanisms, assessment and control of corrosion in concrete structures, insitu assessment of concrete structures, various NDT techniques and their applications, repair of concrete structures.

Structural Optimisation (ST551)
Formulation of different types of structural optimisation problems; Optimality criteria based structural optimisation; Computation of derivatives of response quantities with respect to design variables; Classical optimisation; Lagrange multipiler technique and Kuhn-Tucker conditions; Solution of NLP by direct methods and by series of unconstrained optimisation problems and by series of unconstrained optimisation problems and by series of linear programming problems.

Design of Steel  Structures (ST561)

Design of rigid and semi rigid bolted and welded connections, tubular trusses and space frames, open web sections, castellated beams, communication towers. Composites in construction; Design of steel concrete composite beams and columns, composite trusses,  connections. 

Design of Concrete Structures  (ST571)

Design and structural detailing of standard structures, like; framed structures, for residential, industrial, public utility and recreational purposes; truss, storage vessels, underground and elevated structures, etc.  Development of computer programs for design of structural elements and complete structures.

Bridge Engineering (ST512)

Types of Bridges, choice of bridge type, criteria for selection of bridge site, economic span, bridge loadings, slab bridges, effect of skew, load distribution theories for multi beam bridges, design of R.C. and prestressed T beam bridges, arch bridges, behavior and structural action of box girder and cable stayed bridges, bridge bearings, methods of construction, inspection and maintenance procedures, rehabilitation of bridges.

Tall Buildings (ST522)

Structural systems of tall buildings; Moment resistant. frames, braced frames, eccentrically braced frames, shear walls, coupled shear walls, frame shear wall interaction, tubular structures; approximate and matrix oriented methods of design of tall buildings; design of pile and raft foundation for tall buildings; application of artificial intelligence to tall building design.

Pre-Stressed Structures (ST532)

Basic philosophy of prestressing: Various techniques of prestressing with and without prestressing cables, different systems of prestressing, materials and design concepts, Prestressing of concrete structures, Analysis and design of beams, Design of end blocks, Ultimate strength in flexure and shear, Statically indeterminate structures, Tension members, tanks, compression members, partial prestressing, composite construction, precast prestressed elements.

Earthquake Engineering (ST542)

Characterisation of ground motion, Earthquake intensity and magnitude; Recording instruments and base line correction; Predominant period and amplification through soil; Earthquake spectra for elastic and inelastic systems; Idealisation of structural systems for low, medium and high rise buildings; Lateral force evaluation by mode superposition and direct integration; Reserve energy technique; Effect of foundation/soil on earthquake response; Analysis for torsion; Review of damages during past earthquakes and remedial measures; Reinforcement detailing for members and joints coupling; Codal provisions.

Reliability Based Civil Engineering Design (ST552)
Concepts of structural safety; Basic statics and probability; Resistance parameters and distributions; Probabilistic analysis of loads, live load and wind load; Basic structural reliability; Monte Carlo study of Structural safety; Level 2 reliability methods; Reliability analysis of components; Reliability based design determination of partial safety factors, code calibration; Reliability of structural systems; Fatigue reliability – S-N curve approach; Applications to steel and concrete structures; Offshore structures etc.

Plates And Shells (ST562)

Plate equation and behaviour of thin plates in Cartesian, polar and skew coordinates; Curvilinear coordinates and coordinate transformation; Isotropic and orthotropic plates, bending and twisting of plates; Navier and Levy solutions and energy methods; rectangular, circular plates and plates with variable rigidity in Cartesian and polar coordinates; Numerical solutions. Shell behaviour, shell surfaces and characteristics, classifications of shells, equilibrium equations in curvilinear coordinates, force displacement relations; Membrane analysis of shells of revolution and cylindrical shells under different loads, shallow shells, concept of pseudo stresses, membrane solution of elliptic paraboloids and hyperboloids, solutions of typical problems.

Finite Element Method (ST572)

Principles of discretisation; Element stiffness mass formulation based on direct, variational and weighted residual techniques; Displacements, hybrid stress and mixed approaches; Shape functions and numerical integration,convergence, Displacement, hybrid stress and mixed formulations; Shape functions, isoparametric formulation, numerical integration and convergence; Formulations for elements for two dimensional and axisymmetric shells, Semi analytical formulations; Three dimensional elements and degenerated forms; Stiffener elements and modifications such as use of different coordinate systems, use of nonconforming modes and penalty functions; Application to layered composite plate/shells, bridge, roof, nuclear and offshore structures; Hybrid stress and mixed formulations for plates.

Minor Electives (Minor area of specialization) (From Geotechnical specialization)

Advanced Foundation Design (ST591)

Critical study of conventional methods of foundation design, analysis of settlement of soil and foundations, foundations of in expensive and swelling soils, geological problems in building and bridge foundations, highways, harbors, dynamic soil properties, dynamic bearing capacity of shallow foundations, liquefaction of soils, foundations of reciprocating, impact type and rotary machines, vibration isolation and screening, raft foundations, well foundations, special footings and beams on elastic foundations, coffer dams, types and design principles, foundations under uplift loads, underpinning of foundations, design of bridge abutments.

Ground Improvement Techniques (ST592)
Ground improvement potential, drainage methods, precompression and vertical drains, vibration methods, grouting and injection, mechanical cementing and chemical stabilisation; granular piles, stone columns, diaphragm walls, Soil reinforcement, Geosynthetics and their  application cost effective design of retaining walls with geosynthetics, civil engineering applications of extruded polymer grids, Geomembranes with landfill closures, Thermal methods of ground improvement, Improving Rock stability and Quality. 

Compulsory Courses (Inter Departmental)

Advanced Course In Mathematics (MA 501B)

Statistics and Probability: Probability theory, Baye’s theorem, Binomial, Poisson and normal distributions, testing of hypothesis, Chi square test-goodness of fit, independence of two variables, Student’s F-test, analysis of variance, F-test, correlation and regression, coefficient of correlation, rank correlation, lines of regression; Numerical Analysis : Interpolation, finite differences – forward, backward and central differences, Newton’s formulaic for forward differences and backward differences; Stirling’s formula for central differences, Numerical differentiation and integration – Simpson’s one-third, Simpson’s three-eight and trapezoidal rules, numerical solution of ODE of 1 order : Euler’s modified Euler’s and Runga Kutta 4th order, Milne’s  methods; Numerical solution of PDE : Laplace equation in two dimensions, heat equation in one dimension, wave equation in one dimension, using finite difference methods; Matrices : Rank of a matrix, solution of linear simultaneous equations, inverse of a matrix by elementary transformations, eigen values, eigen vectors, Cayley-Hamilton Theorem.

Simulation And Modeling (IC502)

Review of probability theory and statistics: Random number generation, random variables, probability distribution functions, Estimation of mean, variances, correlation, Hypothesis testing, confidence interval, central limit therein, law of large number, normal distribution, t-test, pained t-test, ANOVA – an introduction.

Models: Discrete, continuous, Markov models.

Simulation: Developing, verifying, validating and testing a simulation model. Monte Carlo simulation, Numerical computational methods for simulation

Department of Management Studies

MMS (Master of Management Studies)
III SEMESTER

Proposed Academic Curriculum

	Teaching Scheme
	Contact Hours/week
	Exam. Duration (Hrs.)
	Relative Weightage (%)

	Subject Code 
	Course Title
	Subject area 
	Credit
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	III Semester 

	MM15
	ERP & SCM
	DC
	3
	2
	1
	-
	3
	-
	25
	-
	25
	50
	-

	MM16
	Customer Relationship Management 
	DC
	3
	2
	1
	-
	3
	-
	25
	-
	25
	50
	-

	
	Elective-I
	DE
	3
	2
	1
	-
	3
	-
	25
	-
	25
	50
	-

	
	Elective-II
	DE
	3
	2
	1
	-
	3
	-
	25
	-
	25
	50
	-

	
	Elective-III
	DE
	3
	2
	1
	-
	3
	-
	25
	-
	25
	50
	-

	
	Elective-IV
	DE
	3
	2
	1
	-
	3
	-
	25
	-
	25
	50
	-

	
	Elective-V
	DE
	3
	2
	1
	-
	3
	-
	25
	-
	25
	50
	-

	MM17
	Summer Training Evaluation (Summer training 45 days at the end of IInd Semester)
	DC
	4
	
	
	
	
	
	
	
	
	
	100

	
	Sub Total
	
	25
	
	
	
	
	
	
	
	
	
	


*  Every student in required to select one area of specialization. He will select elective   

    papers from that specialization area only.

*  Area of specialization floated and electives offered therein will be decided on the basis    

    of minimum no. of students as decided by institute opting for that specialization   and    

    elective, as well as,  resources available in the department.

Department of Management Studies

MMS (Master of Management Studies)
IV SEMESTER

Proposed Academic Curriculum

	Teaching Scheme
	Contact Hours/week
	Exam. Duration (Hrs.)
	Relative Weightage (%)

	Subject Code 
	Course Title
	Subject area 
	Credit
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	MM18
	Seminar
	DC
	4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	100

	MM19
	Project
	DC
	20
	-
	-
	-
	-
	-
	-
	-
	-
	-
	100

	
	Sub total
	
	24
	
	
	
	
	
	
	
	
	
	


List of electives

Electives are divided into six different sub-specializations. Student may choose any one sub-specialization. Sub-specialization and its related elective courses will be offered only if adequate resources are available in the department for running that course and minimum no. of students, as decided by the institute, opt for this course. 

Technology Management

Production Management

Information Technology System Management

Computer Aided Human Resource Management

Computer Aided Marketing Management

Computer Aided Financial Management 

Technology Management

IM/TM-01
Management of Technology Transfer

IM/TM-02
Management of Innovation

IM/TM-03
Design Management

IM/TM-04
Technology Management: Strategic Perspective

IM/TM-05
R&D Management

IM/TM-06
Technology Forecasting & Assessment

IM/TM-07
Management of new Venture

Production Management

IM/PM-01
Strategy Oriented Production Management System

IM/PM-02
Computer Integrated Manufacturing System

IM/PM-03
Total Quality Management

IM/PM-04
World Class Manufacturing Systems

IM/PM-05
Facilities Planning

IM/PM-06
Logistic and Supply Chain Management

IM/PM-07
Business Process Simulation

IM/PM-08
Production Management

IM/PM-09
Manufacturing Strategy

IM/PM-10
Business Process Re-Engineering

Information Technology System Management

ITM01

Internet and Web Programming

ITM02

Object Relational Data Base Management System

ITM03

Distributed Data Processing

ITM04

Software Engineering

ITM05 
Advanced Software Development Tools

ITM06

Fundamentals of E-Commerce

ITM07

ERP: Concepts

ITM08

Information and Decision System 

ITM09

Object Oriented Development Methodologies

ITM10

Artificial Intelligence & Expert Systems in Business

ITM11

Economic Issues In Information Management

Computer Aided Human Resource Management

CAM/HRM 01
Organizational Development

CAM/HRM 02
Decision Making and Conflict Management


CAM/HRM 03
Management Training and Development

CAM/HRM 04
Labour Legislation in India

CAM/HRM 05
Manpower Planning & Management

CAM/HRM 06
Wages & Salary Administration

CAM/HRM 07
Safety Management

CAM/HRM 08
Communication

CAM/HRM 09
Industrial Psychology

CAM/HRM 10
Industrial Relation

CAM/HRM 11
Managing Across Culture

Computer Aided Marketing Management

CAM/MM01

Marketing Research & Consumer Behaviour

CAM/MM02

Sales & Distribution Management

CAM/MM03

Advertising Management

CAM/MM04

Product Management & Sales Distribution

CAM/MM06

International Marketing

CAM/MM07

Marketing of Services

Computer Aided Financial Management

CAM/FM01 

International Trade & Finance

CAM/FM02 

Management of Financial Institution

CAM/FM03

Financial Engineering 

CAM/FM04

Management Control System

CAM/FM05 

Valuation, Merger, Acquisition & Corporate Control

CAM/FM06 

Management of New Ventures

Detailed Syllabus

(A) Departmental Core:

MM15 Enterprise Resource Planning & Supply Chain Management (ERP & SCM) (2L1T) Credit-3

Introduction to ERP. Benefit of ERP. ERP and related Technologies. Business Process Reengineering, business Modules in an ERP Package. ERP market place. Various commercially available ERP software packages. ERP implementation  and associated problems. Data warehousing data mining. Online Analytical Processing. Enterprise integration application. ERP and E-commerce. ERP and internet. Future directions in ERP.

Supply chain management. Strategic supply chain management. Management of supply resources.  Management of inventory and transportation in supply chain Management. Re-Engineering of supply chain. IT enabled supply chain and  decision support system for supply chain management. Organizational design & Motivational issue. Performance measurement system for managing the supply chain. Best practices & bench marking of supply chain. Towards world class supply chain management.

MM16 Customer Relationship Management (2L1T) Credit-3

Introduction to customer relationship management. Customer Relationship Management and the world of E-Business. CRM as a business strategy. Steps in implementing a CRM strategy. Four types of customer relationship management. Win back or save; prospecting, loyalty & Cross-sell/up-sell. Elements of CRM implementation,  Market-intelligent Enterprise. Creating Loyalty. From customer loyalty to customer dependency. Customer acquisition & CRM. Building & implementing the customer strategy. Effective channel & product strategies. CRM through new product development. Channel  Management & CRM Embracing the E-Channel for CRM. E-channel management. Customer centric organization. The tools for CRM. Best practices in outsourcing CRM learning and knowledge management programs in the age of CRM. Case Studies.

(B) Departmental Elective 

Technology Management

IM/TM-01: Management of Technology Transfer (2L1T) Credit-3

Process of Technology Transfer: Mechanisms for Technology Transfer, Outsourcing, Licensing, Product Consortia, and Joint Ventures. Analytical and Empirical Models of Technology Transfer. Technology sourcing: in-house R & D, Other firms, Laboratories, Academia. Technology Pricing Models. Managing  Successful Technology Transfer; Organizational  Capabilities, Technology Assimilation and Diffusion. Policy Environment for Technology Transfer. Case Studies in Technology Transfer. Global  Technology Transfer and Technology Flows. Role of Multinationals. Technology Transfer to LDC's and Niches. Technology Learning through Technology Transfer. Regulatory and Promotional Framework Developing TT Agreements.

IM/TM-02:  Management of Innovation (2L1T) Credit-3
Element of Creativity, Creativity thinking and Creative action, Nature of innovation, Simulating innovation, Designing and Structuring innovation, Managing ambiguity and paradox, Autonomy and enterprenurship techniques of creativity, Element of Organisational excellance, Appraisal system, Innovation and Quality.

IM/TM-03: Design Management (2L1T) Credit-3
Technology & Design. Nature of Design and Development Process. Setting up a Product Design and Development Unit. Manpower Planning for D & D Unit, Designer Attributes and Designer Selection. Managing Creative design Teams, Methods of  Enhancing Creative Output, Design Brief/Design Evaluation, Costing of Design Effort, Corporate Design k& Development Policy. Planning a Design Programme, Patenting & Design Registration. Evaluation of Design. Case Studies.

IM/TM-04: Technology Management: Strategic Perspective (2L1T) Credit-3
Understanding Technology, Technology-Management integration, Life-cycle approach to technology management, Technology management, Technology forecasting, Generation and Development, Technology flow, Diffusion and assessment, Technology transfer, Evaluating technology and concerns of phasing out and upgradation, Strategic management of technology, Technology operation and quality concerns, Structure and technology, Investing for technological maintenance and growth, Market factors in technological operation, Human factors in technological operations. Joint ventures, Technology support system, Information networking for technological upgradation.

IM/TM-05: R &D Management (2L1T) Credit-3

Introduction, Nature of planning, Choice and objectives of technological forecasting. Proposal preparation and motivative  effort  to initiate the research and development programme, concept of creativity, Group  approach to idea generation, conditions for successful growth of creative ideas to realization,  Quality of research personnel and staff selection, Organisation and special problems of research and development, Conducting a research and development project, Scheduling, monitoring, and decision making for cost effectiveness, Accountability and responsibility.

IM/TM-06: Technology Forecasting and Assessment (2L1T) Credit-3

Forecasting to Support Technological Strategic and Operational Planning. Elements of A Forecasting Process. Forecasting Techniques Based on Time Series Models, Precursor, envelope Curves and Experience Curves. Technical Assessment, Delphi Method, Qualitative Techniques based on Morphological Analysis and technological Gap analysis. Organising for Technology Forecasting.  Case studies in Equipment Design and Information technology. Technology in Social Context Assessment: Components; Problems Definition, Description. Social Description, Forecasts. Impact Identification, Measures, and Assessment. Strategies for Assessment, Bounding of assessment. Impact Analysis, economic Impact Analysis. Qualitative and Quantitative facets. Assessment of Risks and Uncertainty. Safety and environment Regulation. Critiques.

IM/TM-07: Management Of New Ventures (2L1T) Credit-3

Concept of New Ventures; New Venture Management; An Overview Managing Issue of Different  Fronts Simultaneously. Strategic and Operational Implication. Project Reassessment: Problems in Implementation, Cost and Item Overruns, Recasting Assumption, New Environmental Framework, Project Viability. Technology Absorption: Product and Process Technologies. Appropriate Technology. Import/Indigenous Availability of  Technology. Policy Issues in Finance: Shortage of Operating Funds. Sources of Funds and How to Tap Them, Venture Capital Financing. Policy Issues in Marketing: Characteristics of Marketing. New Venture Products and Services. Constraints. Successful Strategies in Practice. Networking, in New Venture: Networking with Industries, Networking with Institution, Type of Networking, Survival and Growth Networking. Operational and Strategic Networking. Developing Systems in New Venture: Planning for Growth, Change in Structure and Systems. New Ventures and Strategic Planning.

Production Management

IM/PM-01: Strategy Oriented Production Management Systems (2L1T) Credit-3
Strategic role of production Management-Meshing of Short and Medium Term Operations planning and Control with Long Term Strategic Goals of the Organization.

Concepts of Strategy. hierarchy of strategic decisions.



Strategic Choices in Manufacturing



Capacity
-amount, timing, type



Facilities
-size, location,: specialization (focus)



Process
-Span ,scale, flexibility



Vertical
-direction ,extent, balances,



Integration
-alternatives



Vendors
-number, structure, relationship



Quality
-strategic role, various dimensions, balance



Systems
-Organisation, Planning, Scheduling and Control.



Human Resources
-People based strategy, various practices Emerging production management concepts &practices, such as Just-in-Time with examples and cases.

Manufacturing strategy interconnectedness with financial, costing and reward systems and need for change in reporting and evaluation systems. Service Operations Strategy-comparison with manufacturing strategy.

IM/PM-02: Computer Integrated Manufacturing System (2L1T) Credit-3
Microprocessor applications, Local area network software.

Computer aided design. Two dimensional drafting. Three dimensional modelling. Computer aided manufacturing. Robotics and their applications. Computer controlled material transport system (AGVS). CNC & NC part programming. Flexible manufacturing system : Design and operations problem, office automation. Application of computer networking and communication in production and service industries.

IM/PM-03: Total Quality Management (2L1T) Credit-3
Concept and philosophy of Total Quality Management .Understanding Quality .Quality Maintenance and Quality  assurance, Quality Management Systems ISO 9000, Quality Planning Strategy; Quality audit documentation and information systems, Quality of work life, Quality circles, Organising and managing employee involvement, Union involvement and managers at various management levels, Statistical and Quantitative Techniques for total Quality control  and assurance of products and process, Quality function development, Taguchi methods for offline control, The need  for lifestyle  approach  to design and evaluation, Careful  need for integration of Quality of maintenance, Reliability and productivity, Integrated Technology, People, Quality and productivity for achieving higher Quality of life.

IM/PM-04: World Class Manufacturing Systems (2L1T) Credit-3
The Imperative of WCM, Evolution of WCM. Building Blocks of WCM. Benchmarking for WCM. Advanced Manufacturing Technology (AMT) for WCM - Definition, Evaluation and their Competitive Potential. AMT's in Use - CAD/CAM, Computer Aided Process Planning (CAPP). Flexible Manufacturing Systems (FMS), Computer Integrated Manufacturing (CIM). Enabling Systems for Word Class Manufacturing (WCM), Just in Time (JIT) Systems. Group Technology (GT), Design Manufacturing Integration (DMI), Learning Organisation, Integrative Planning Systems (MRPII/ERP),Accounting Systems (ABC), Benefits and Economic Justification of WCMs. Implementations of WCMs. Barriers to Implementation. Strategic Implication of WCM. Role of WCM in Competitive Strategy. Choice and supplier Selection.

IM/PM-05: Facilities Planning (2L1T) Credit-3
Facilities Location, Facilities Sizing, Facilities Layout including office layout, Land scaping etc., Facilities Design, Automated Storage and Retrieval, System Material handling, Automated Guided Vehicles, Group Layout, Line Balancing, Quantitative Methods in Location Layouts, Material Handling. Computerisation in Location, Layout planning and Facilities Design.

IM/PM-06: Logistics and Supply Chain Management (2L1T) Credit-3
Role of Supply Chain Management, Scope and Importance. Customer driver Strategies, Logistics and Competitive Strategy: Systems View, Co-ordination and Management of Transportation, Inventory, Order Processing, Purchasing, Warehousing, Materials Handling, Packaging. Customer Service Management. Marketing and Supply Chain Interface, finance and supply Chain Interface. Distribution Requirement Planning. Distribution Network Planning and warehous Location. Integrated supply. Production , Distribution Policies and Plans. International Logistics, Ocean Carrier Management. Import-Export Logistic Management Decision Support Models of Supply Chain Management: Transportation Systems. Warehouse Design, Distribution Inventory Policies, Transhipment. Etc.Information Systems.

IM/PM-07: Business Process Simulation (2L1T) Credit-3
Role of Simulation-Scope and Purchase Involved in Simulation Process. Simulation Modeling-Stochastic Models. Process generators. 'What If' Scenarios. Simulation Languages, Simulators Simulation software's-Evaluation and Application case Studies in Corporate Planning, Marketing, Inventory, Scheduling, quality, Capital budgeting. System Dynamic Models and their Corporate Application.

IM/PM-08: Production Management (2L1T) Credit-3

An overview: Introduction, Systems concept in Production Management, Objectives in Production/operations management, Production Management Decisions, Type of Production System, Management of materials in production systems, Concepts in systems life-cycle, Role of scientific method in production/operations management.

Work and Job design: Work Design: Introduction to work design, The work-study Approach, An overview, Method study, Work Measurement. Job Design: Introduction job design, Design factors environmental factors, Organizational factors, Behavioural Dimensions of job design, Socio-Technical approach to job design.

IM/PM-09: Manufacturing Strategy (2L1T) Credit-3
Manufacturing's Role in Corporate Strategy, Defining Product Markets, Competitive Priorities and Manufacturing Tasks. New emerging Paradigms of Manufacturing, Value creation and Flexibility Manufacturing policy Formulation and Implementation. Structural and Infrastructure. Theory of Constraints Capacity and Facilities Strategy. Manufacturing Technology Strategy. Vertical Integration Souring and Outsourcing Organizational Focus and Manufacturing Strategy Linkages between Manufacturing & Marketing R&D. Technology and Business Strategies Strategy Audit and Evaluation. Manufacturing Performance analysis strategies for Engineering and process industries.

IM/PM-10: Business Process Reengineering (2L1T) Credit-3

Management of Change; TQM, Kaizen and ISO 9000, Process Definition, Business Process Structure. Role of Information Technology. Net Working, Shared Data Base, Distributed Computing & Experts Systems, Process Redesign and Evaluation, Case Studies - Kodak, Ford Motor, IBM Credit, Etc. The Indian Scene-Private and Public Sector. The Challenges and Imperatives. Detailed BPR Methodologies and Application: Implementation and Evaluation.

Information Technology System Management

ITM01 Internet and Web Programming (2L1T) Credit-3

Introduction to computer networks; Different types of Networks; Internet as a global network; Evolution of Internet; Basic Internet Anatomy, Internet Connectivity – Dial up, Leased; Basic Internet Protocol : TCP/IP; Internet Applications :- Electronic Mail, World wide Web, WWW Applications, Domain Names & associated aspects, Chat applications : Web Chat, Chat Applets, IRC, Search and Gopher services, Internet Telephony, Telnet, Multimedia on Internet, Internet Security, E-commerce. 

Introduction to Web Sites; Elements of web sites; Introduction to HTML; Sample page development; URLs and linking of pages; Development of sample project 

Static and dynamic web sites; VB Scripts and Java Script; Introduction to Web Servers – IIS; ASP 2.0 introduction; Simple ASP programs; Database connectivity using ASP; ADO Objects; Other ASP Objects their methods and properties; Sample ASP Site development. 

ITM02 Object Relational Data Base Management System (2L1T) Credit-3

ORDBMS:- ORDBMS, Concepts, Oracle, Architecture, SQL, Logical & Physical Database Structure, Administering the Oracle Database, Backup & Recovery, Performance Timing, Database Migration, Security Issues for a Database.

ITM03 Distributed Data Processing (2L1T) Credit-3


Distributed Processing Potential : Forms and Distributed Processing Strategies. Distributed Data Processing : Concept and implementations considerations; Vertical, horizontal and heterogeneous systems. Network Structure and Architecture : Type of Networks and OSI Architecture. Wide Area Network (WAN), Metropolitan Area Network (MAN) and Local Area Network (LAN). Design Considerations of WAN and MAN related issues like TCP/IP, X.25 Gateway, Bridge, Repeater Router. Use of WAN, MAN in application systems. Design considerations of LAN and its implementation criteria : Ethernet, ARCNET, Token ring. Application System development consideration in LAN environment and its advantages.

ITM04 Software Engineering (2L1T) Credit-3


Introduction to Software Engg., Software requirement specifications, Planning and managing software projects, Software design concepts, Principals and Strategies, Coding, Testing and Maintenance, Object oriented software engineering, Software quality assurance, Case tools for software development.

ITM05 Advanced Software Development Tools (2L1T) Credit-3


Windows Programming, Visual Basic, Developer/Designer 2000/Power Builder 5.0, Practical using Windows SDX, X-Windows, Visual Basic and latest available.

ITM06 Fundamentals of E-Commerce (2L1T) Credit-3

Background,, Need for E-commerce, Cope of e-commerce, Applications of E-commerce , Branches of e-commerce: Business to business, business to consumer, consumer to consumer, careers in this field,

ITM07 ERP: Concepts (2L1T) Credit-3

ERP: Evolution, Characteristics, features, components, Need, Evaluation Criteria for ERP Packages, The ERP Domain, Understanding the business Processes and functions, Business Engineering and ERP, Enterprise Modeling and Integration for ERP, Advantages of ERP.

ITM08 Information and Decision System (2L1T) Credit-3


Review of Decision making process in business and industrial environment, Quantitative Techniques for decision making Gaming and game theory, Group decision making Evolution Decision Support System (DSS) Specific DSS, DSS generator and DSS Tools. Data. Model and dialog Management system and Interfaces between them, Graphical and quantitative tools to build model and model management system, Adaptive Design approach to DSS development, Accommodation cognitive style in DSS, Integrating Expert and Decision Support Systems, Group Decision support system and case studies.

ITM09 Object Oriented Development Methodologies (2L1T) Credit-3


Need of object oriented programming, Procedural languages, The object oriented approach, advantages of OOP Characteristics of object oriented languages, Objects, Classes, inheritance, Reusability, New Data Types, Polymorphism and overloading. Object oriented Programming using C++. Overview of C++ programming Basic program construction. Input, Output  Statements. Preprocessor Directives, variables, Data Type, Manipulators, Operators, Type conversion, Looks & Decisions. Structures, Enumerated Data Types, Functions Passing argument to functions Retring values from functions. Reference arguments. Overloaded function. Inline functions Default Arguments, Variables and storage classes returning by reference. Object and classes:  A simple class. C++ objects as physical objects. C++ object as Data Type. Constructor land distracters. Objects as function structures can classes. Classes, Objects and Memory, State class Date Arrays:- Definition array.  Array Elements accessing array elements, Overview array elements, initializing arrays, multidimentional arrays. Passing array to functions. Arrays of structure. Arrays as class member Date. Arrays of object linkings. Operator overloading: Overloading unary operator. Overloading Binary operators. Data conversion. Pitfalls of  Overloading & conversion. 

Inheritance: - Derived class and Base class . Derived class constructors. Member functions. Class hierarchies. Public and print inheritance. Level of inheritance. Multiple inheritance and program development. 

Pointers:- Addresses and pointers. Pointers and arrays, Pointers and function pointers and string, Memory Management (new and delete ) Pointers to Objects. Linked Lists. Pointers to Pointers. 

Files and Streams: - Streams, String I/O,  Object I/O,  character I/O, Object I/.O, with multiple objects. File pointers, Command Line arguments.

C++ Class Library: - String class, stack class, Container class hierarchy, Data class, List class, Queue class.

ITM10 Artificial Intelligence & Expert Systems in Business (2L1T) Credit-3


Introduction to Artificial Intelligence: Simulation of so called intelligent behavior, in different area: Problem solving: games, natural language question answering, visual perception, learning: Aim-oriented (heurist c) algorithms verses solution guaranteed algorithms, Understanding Natural Language; Parsing techniques, context free and transformational grammers, transition nets, augmented transition nets Fillmore's grammers, Shanks conceptual dependency grammers free analyses, sentence generation, Translation. Knowledge Representation: first order predicate calculus Horn's chouses; The language PROLOG; Semantic nets, augmented transition nets Fillmore's grammers Shank's partitioned nets, Minsky's frames, case grammer theory; production rules, knowledge base, the inference system forward and backward deduction, Export System: Existing Systems (DENDRAL, NYCINE): domain explorations: Meta knowledge, expertise transfer, self-explaining systems. Pattern Recognition Structured Descriptions: Symbolic description machine perception, line finding interpretation semantic and models. Object identification speed recognition. The language LISP and/or prolog is to be covered in this course.  

ITM11 Economic Issues In Information Management (2L1T) Credit-3


Consumer behavior in IT Industry, Product life cycle of IT products and services, Factors effecting make or buy decisions on software, Unbundling and its effect on software procurement, contractual aspects of purchasing software; selecting appropriate languages and services; cost of program conversion; mathematical model for the programming conversion decision, Theory of production, choice of optimal combination of factors; Market analysis; Theories of pricing: full cost pricing and average cost pricing.

Computer Aided Human Resource Management

CAM/HRM 01
Organizational Development (2L1T) Credit-3

Concept, Definition, Nature and need of Organisation Development (OD). Formal and Informal Organisation. Organisation Design. Organisation as a System. Organisation Development Process and Training. Management by Objectives (MBO) : Goal Setting and MBO Process in Organisation. OD and Action Research. OD Interventions : Inter - group Team Building, process. Consulting, Survey Feedback and Grid Organisation Development. Managing Change and Organisational Growth Strategies. Contemporary Research in OD and its future.

CAM/HRM 02
Decision Making and Conflict Management (2L1T) Credit-3

Decisions Making : Nature & Types of Decisions Making and Managerial Roles.

Centralised versus decentralised decision making.

Behavioural Analysis of Decision Making.

Group Decison Making.

Conflicts in Decision Making, Role Conflicts - Social Conflict. Managing Conflicts. Conflicts Avoidance Techniques. Idea Testing in Decision Making. Decision making by Consensus Participative Management. Leadership and Power.

CAM/HRM 03
Management Training and Development (2L1T) Credit-3

Management training Process and Objectives : Conceptual Framework. Learning process and Training. Methods of Training Needs Identification, Levels of Training on the Job and Off - the Job Training.

Designing and Planning training programmes.

Role of Training Departments : Styles of Coordination. Trainer Qualities and Skills.

Management Training Methods : Lectures, Case Method, Incident Process, Role Playing, Management Games, Sensitivity, Training, Programmed Instruction, Use of Audio - Visual Aids.

Management Training and Organisation Development.

Process of Action Research.

Evaluation of Management Training : Strategies & Techniques.

Educational Technology and Future of Management Training.

CAM/HRM 04
Labour Legislation in India (2L1T) Credit-3

Wages & Bonus

--
Payment of Wages Act, 1936

--
Minimum Wages Act, 1948

--
Payment of Bonus Act, 1965

Social Security

--
Workmen's Compensation Act, 1923

--
Employee's State Insurance Act, 1948

--
Employee's Provident Fund Act, 1952

--
Maternity Benefit Act, 1961

--
Payment of Gratuity Act, 1972

Industrial Relation

--
Trade Union Act, 1926

--
Industrial Dispute Act, 1947

Condition of Work

--
Industrial Employment (Standing Order Act, 1946)

--
Factory Act, 1948

--
Shops & Establishment Act

Interpretation of these laws.

CAM/HRM 05
Manpower Planning & Management (2L1T) Credit-3

Public policy with regard to Manpower at different level

Choice in Corporate strategy on manpower.

Forecasting future manpower requirement, Analysis of stock and flows of corporate manpower. Anticipating future manpower needs, technique & methods used in training & development & designing, establishing & operating programmes in the area.

CAM/HRM 06
Wages & Salary Administration (2L1T) Credit-3

Conceptual & theoretical framework for wages. Economic Reasoning, Socio-Economic Concern, National Policy, Corporate Consideration & Compensation Management.

Components of wages & salary packages, Statutory provision governing wages & salary & fringe benefits, Working of different Institution like Wage Board, Pay Commission, Leading Issue & tools related to wages & salary administration.

Recent trend in wage policy in India.

CAM/HRM 07
Safety Management (2L1T) Credit-3

The objective of the course is to provide studies with basic knowledge about safety needs analysis procedures and control measures as applicable to design of safety in an Industrial Production System :

Concepts and definition of safety, Industrial Safety and Accident Safety, Costs and Losses.

Production and System liability Implied Warranty and Safety and basis for product liability actions.

Sequence of accident causes, development sequence - diagram, Models of accident sequence.

Human Error based and change based safety problems.

Environmental factors in Safety.

Human Factors Principles for safety and improved performance, Safety and Reliability, Safety Analysis - Programmes.

Need for standards, horizontal versus vertical standards, Standards and Criteria for Safety, Regulatory Agencies.

Organisatonal risk assessment and product/system hazards.

Safety programme Improvement Projects and Case Studies.

CAM/HRM 08
Communication (2L1T) Credit-3

Corporate communication: personal Communication, Employee Relations, Public Relations and Govt. Relations (Lobbying). Effective communication with Unions.

Communication as a tool of management control.

The process and problems of communication.

Overcoming barriers to communication.

Communication technique.

Use of Body language.

Persuasive and Assertive Skills.

Effective Interview process.

Communication skills for effective negotiations.

Humour and Emotion in Communication.

Media management and public relations.

Emerging trends in communication methodologies.

CAM/HRM 09
Industrial Psychology (2L1T) Credit-3

Place of Psychology in Industry ,

Psychology of Attitude,

Morale & Group Processes,

use of Psychological test in selection &  placement, Motivation & work,

Fatigue,

Working Environment,

Psychological factors in Labour,

Turnover,

Frustration as a factor in behaviour,

Causation in Behaviour.

CAM/HRM 10
Industrial Relation (2L1T) Credit-3

Industrial Relations in the Indian context- an overview law and environment.

Labour Legislation.

Indian Industrial Worker; Background , Education, Skills and adjustment, absenteeism , Aspiration, the influence of  Trade.

Unions, Profile of the New Worker.

Trade Unions - Historical Perspectives.

Unionization: recognition -Registered Union, Multiplicity.

Trade Union Leadership, Finances and Ancillary function.

Employer's Federations.

Wages and industrial Relations.

Collective Bargaining.

Employee Grievances, Lockout, Strike, Lay off.

Discipline - Judicial approach and Domestic Enquiries.

Industrial Conflicts - National Commission on Labour.

Labour Administration Machinery & Machinery for settlement of Disputes - IR , Labour Welfare and Social Security.

Workers participation in Management: Concepts, Management Councils, Joint Consultation.

Worker’s Education.

Technology and Industrial Relations.

Role of ILO in Labour Welfare.

Labour Policies.

CAM/HRM 11
Managing Across Culture (2L1T) Credit-3

Changing scenario of Business, Globalization, Business dealing from different culture backgrounds. Behavioral issue in Joint venture, mergers, Acquisition, Technical Collaborations. Major Trading Partners-USA, Japan, Germany, South East Asia, Organizational Systems, Similarities and Differences. Manager and Management in these counties. Evolution of Business norms. Work Ethics, Management values. Socio-culture Environment. Culture Alliance and Culture Shocks. Psychological and social adjustments. Analyzing and Diagnosing and Diagnosing Culture Differences. Sensitivity, Work Values, Culture Symbols. 

Computer Aided Marketing Management

CAM/MM01
Marketing Research & Consumer Behaviour (2L1T) Credit-3

Nature and scope of Marketing Research, Problem formulation. Decisions under uncertainty-choice models. Value and cost of decision making operation. Bayesian decision theory. The cost and value of Research information.  Measuring conditional pay offs. Organizational Structure of Marketing Research, Marketing research process. Research designs, exploratory, descriptive land experimental. The sources of marketing information, choosing a research design. Data collection .Types of information that can be  obtained from respondents. The sources of errors in information from respondents. Observation methods, Questionnaire design, Attitude measurement techniques Motivational research techniques  Administration of surveys, Sampling procedures in Marketing Research. Estimating sample size, Tabulation of survey data Analysis of data. Choosing an appropriate statistical technique, Advanced Techniques in analyzing associative data. Discriminant analysis, factor analysis land clustering methods, multi-dimensional scaling and conjoining  analysis, Marketing research applications: forecasting procedures, brand positioning and markets segmentation. Evaluating new marketing strategies, Ethical issues in marketing research. Consumer behaviour studies, Scope and their applications. Consumers needs and motives. Consumer as a perceiver and learner. Influence of personality and attitudes on buying behaviour. Models of consumer decision making process. Model of consumer behaviour. Family decision-making, Diffusion of innovation. Socio-economic and cultural aspects Indian consumer market. Models of industrial buying behaviour, Pattern of industrial buying behaviour in India.

CAM/MM02
Sales & Distribution Management (2L1T) Credit-3

Introduction to Sales Management, Personal selling and salesmanship. Basic Marketing palling for the sales manager, the sales role in the marketing mix, determining sales related marketing policies. Nature and scope of personal selling. Setting personal selling objectives, formulating personal selling objectives, Recruiting and selecting sales personnel, developing and conducting sales training programme. Designing and administering compensation plan, supervision of salesmen. Motivating sales personnel, sales meetings and sales contests, designing territories and allocating sales efforts, objective and sales quotas for sales personal, Developing and managing sales evaluation programme, sales cost and analysis, Distribution management, concept, opportunity, responsibility, The channel of distribution and development channels, Channel structure Type and design of marketing channels. Direct, vertical and Horizontal marketing system. Channel selection. Managing distribution channel in India. General idea of public distribution system in Indian context. Marketing channel functions, channel dynamics, channel purchasing decisions. Assortment pricing in channel, channels communications and Information system. Control of marketing channels. Scope and objectives of physical distribution strategy, Inventory and location decisions. Operation of logistics systems.

CAM/MM03
Advertising Management (2L1T) Credit-3

Role & objective of marketing communication in the marketing programme. Stimulation of primary and selective Method. Role of advertising in the marketing Mix. Processes of marketing communication-Will Schramm's Model. Two step flow communication. Theory of cognitive dissonance, Determination of target audience, cultural, demographic, social class, consumer attitudes, Definition of advertising goals, DAGMAR approach. Building of advertising programmes, message theme headline, layout. Copy  logo, appeals Media planning. Determining advertising expenditure, determining advertising effectiveness. Rational testing, opinion and attitude test, recall and controlled experiments in the field, Advertising Research, consumer groups, product analysis and market analysis Advertising organisation, Advertising agency, legal, ethical and social aspects of advertising.

CAM/MM04
Product Management & Sales Distribution (2L1T) Credit-3

Sales Promotion and marketing mix. Nature and types of sales promotion. Consumer behaviour and sales promotion; deal prone consumer, economic theory  of promotion  sales promotion's impact on sales,  evaluation of sales promotion experiments, choice and purchase timing models, Manufacture promotion planning process, Retailer promotion planing process, Strategic issues in designing promotional strategies, substantive findings and issues on coupons,  trade dealings and retail promotions.

CAM/MM06
International Marketing (2L1T) Credit-3

International Marketing: Definition, concept and setting, Distinction between international trade, marketing and business. Economic environment of international marketing. International institutions-World Bank, International Monetary Fund, UNCTAD, GATT, Custom Union, Common Markets, Free trade zones, Economic communities. Constraints on international marketing. Fiscal and non-fiscal barriers, non-tariff barriers. Trading partner bilateral trade agreement, commodities agreements and G.S.P. India and world trade, Import and Export policy. Direction and Quantum of India's Exports. Institutional Infrastructure for Export Promotion. Export Promotion Council, Public Sector Trading Agencies, ECGC, Commodity Board etc. Procedure and Documents: Registration of Exporters, export quotations, Production and clearance of goods for exports, shipping and transportation insurance, negotiation of documents. Instrument of payment: open account, bills of exchange, letter of credit. Export Finance, International Marketing. Mix: identification of markets, Product policy, international product life cycle, promotion strategy pricing strategy and distribution strategy. Various form of International business. Marketing of joint ventures and turnkey projects.

CAM/MM07
Marketing of Services (2L1T) Credit-3

Services as maker Concept. Types of services: Social, Financial, Physical, Economic, Domestic and Culture. Growth of service sector in Indian Economy. Social Marketing and Family Planning in India. Application of Marketing Research. Tools and Techniques in analyzing Service markets. Behaviour Models. Planning and service Marketing Mix. Evolution of concept of service Package. Pricing and Distribution of services. Mass and Localized of service Packages. Organising Institutional set up for Service Marketing. Information and Auditing of Marketing at Services.

Computer Aided Financial Management

CAM/FM01: International Trade & Finance (2L1T) Credit-3

International Monetary Systems, Exchange Rates and Foreign Exchange Markets, Tariffs, Restrictions and Their Impact on International Trade, Theories of International Trade, Macroeconomics Policy in an Open Economy, International financial  Integration, the Role of Foreign Direct Investment and Multinationals in a Developing Economy.

CAM/FM02: Management of Financial Institution (2L1T) Credit-3

Economic role and Primary Objective of Financial Institutions, Environment of Financial Institutions, Nature of Assets and Liabilities of financial Institutions, Financial Management of Non Bank financial Intermediates, Management of Bank Portfolios. 

CAM/FM03: Financial Engineering (2L1T) Credit-3

Introduction to Financial Engineering. Contributory Factors. Conceptual Tools of Financial Engineering Valuation Relationships, Return Measurement, And Risk Measurement. Dept Instruments, Interest Rates and Exchange Rates. Speculation, Arbitrage and Market Efficiency. Treasurer’s Perspective. Physical Tools of Financial Engineering: Futures and Forwards, swaps, Single period and Multi-period Options, Fixed Income securities, Recent Innovations, Equity and Equity Related Instruments, Hybrid Securities. Asset-Liability Management. Hedging and Related Risk Management Techniques. Leverage Buyout Arbitrage. Tax-Driven Deals Future Trends. 

CAM/FM04: Management Control System (2L1T) Credit-3

Strategic Planning and Management Control, Operational Control. Responsibility Centres and Profit Centres, Identificaiton of Profit Centres, Creation of Profit Centres, Profit Centres as Control systems, Decentralisation and Profit Centres, Mechanics of Determining Profit Objectives of Profit Centres. Problems and Persectives of Transfer Pricing. Determining Divisional Goals in a Mulit-Divisional Company. Problems of Growth and Corporate Control. Financial Goal Setting, Reponsibility Budgeting, MBO, Human Problems with Budgets, Zero Based Budgeting. Manufacturing Control, Marketing control, R&D Control, Project Control, Administrative Control Etc. Management Audit.

CAM/FM05: Valuation, Merger, Acquisition & Corporate Control (2L1T) Credit-3

Company value and Valuation  Methods. Strategic Implications of Mergers, Acquisitions and Restructuring. Theories of Mergers and Diverstitures. Deal Structuring, Financial Restructuring. Acquisitions and Take-overs. Objectives, Models, Regulatory Environment and Government policy. MAT Code. Managerial Strategies. Value Chain and Vertical Integration Perspectives. Risk Analysis and Management.

CAM/FM06: Management of New Ventures (2L1T) Credit-3

Concept of New Ventures: New Venture Management: An Overview Managing Issue of Different Fronts Simultaneous; Stratetgic and Operational Implication Project Reassessment: Problems in Implementation, Cost and Item Overruns, Recasting Assumptions, New Environmental Framework, Project viability Technology Absorption: Policy Issues in Finance: Shortage of Operating Funds. Sources of Funds and How to Tap Them. Venture Capital financing Policy Issues in Marketing: Characteristics of Marketing. New Venture Products and services. Constraints. Successful Strategies in Practice. Networking. In New Venture: Networking with Industries. Networking with Institution, Type of Networking, survival and Growth Networking, Operational and Strategic Networking. Developing systems in New Venture: Planning for Growth, Change in Structure and Systems. New Ventures and Strategic Planning.

DEPARTMENT OF CHEMICAL ENGINEERING
ACADEMIC CURRICULUM

M. Tech. (Chemical Engineering)

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative 

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area

Code
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	1st YEAR                                                                             I SEMESTER (AUTUMN)

	1
	MA501G
	Advanced Mathematics
	PG-11
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	2
	CH501
	Advanced Transport Phenomena
	PG-14
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	3.
	
	Minor Elective
	PG-16
	4 
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	4.
	
	Major Elective I
	PG-15
	5
	3
	1
	3
	3
	-
	10
	35
	20
	35
	-

	5.
	
	Major Elective II
	PG-15
	5
	3
	1
	3
	3
	-
	10
	35
	20
	35
	-

	
	Sub Total
	22
	15
	5
	6

	II SEMESTER (SPRING)

	1.
	IC502
	Modelling and Simulation
	PG-12
	4
	2
	1
	2
	3
	-
	20
	20
	20
	40
	-

	2.
	
	Technical Communication (Optional)
	PG-13
	2
	2
	-
	-
	
	
	25
	-
	25
	50
	-

	3.
	
	Minor Elective
	PG-16
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	4.
	
	Major Elective III
	PG-15
	5
	3
	1
	3
	3
	-
	10
	35
	20
	35
	-

	5.
	
	Major Elective IV
	PG-15
	5
	3
	1
	3
	3
	-
	10
	35
	20
	35
	-

	6.
	
	Major Elective V
	PG-15
	4
	3
	1
	-
	3
	-
	25
	-
	25
	50
	-

	
	Sub Total
	24
	17
	5
	6

	2nd YEAR                                                                           III SEMESTER (AUTUMN)

	1.
	CH621
	Seminar
	PG-19
	4
	-
	-
	6
	-
	-
	-
	50
	-
	-
	50

	2.
	CH623
	Project
	PG-18
	4
	-
	-
	6
	-
	-
	-
	60
	-
	-
	40

	3.
	CH625
	Dissertation
	PG-20
	16
	-
	-
	18
	-
	-
	-
	50
	-
	-
	50

	
	Sub Total
	24
	-
	-
	30

	IV SEMESTER (SPRING)

	1.
	
	Inter Departmental
	PG-17
	4
	3
	1
	-
	-
	-
	-
	-
	-
	-
	-

	2.
	CH625
	Dissertation
	PG-20
	20
	-
	-
	24
	-
	-
	-
	-
	-
	-
	100

	
	Sub Total
	24
	3
	1
	24


List of Major Electives

Major Elective I

 (i)
 CH503 Advanced Chemical Reaction Engineering

 (ii)
 CH505 Advanced Thermodynamics

 (iii)
 CH507 Multicomponent Separations

 (iv)
 CH509 Computational Methods in Chemical Engineering

 (v) 
 CH511 Pollution Control Systems

Major Elective II 

 (i)
CH513 Bioprocess Principles

 (ii) 
CH515 Optimisation of Chemical Processes

(iii) 
CH517 Natural and Synthetic Polymers

 (iv) 
CH519 Membrane Based Separation Techniques 
Major Elective III

(i) 
CH502 Catalysis and Surface Chemistry

(ii) 
CH504 Selected Separation Processes  

(iii) 
CH506 Bioseparations

(iv) 
CH508 Polymer Processing

(v) 
CH510 Advanced Process Control

Major Elective IV

 (i) 
CH512 Modeling and Analysis of Bioprocesses

 (ii) 
CH514 Polymer Reaction Engineering

(iii) 
CH516 Petroleum Refining Engineering-I 

(iv) 
CH518 Advanced Pollution Control

Major Elective V

 (i) 
CH520 Conceptual Design of Chemical Processes

 (ii) 
CH522 Multi-phase Flow Systems

 (iii) 
CH524 Environmental Impact Assessment 

(iv) 
CH526 Petroleum Refining Engineering-II

 (v) 
CH528 Industrial Biotechnology

Syllabi of Courses for M.Tech. (Chemical Engineering)

CH501 Advanced Transport Phenomena 



     3L+1T
Ex. Hrs. 3

Basic concepts and review of classical flow problems, Mathematical foundations. Basic equations of momentum transport in isothermal flow systems and applications of complex flow problems, Macroscopic balances for mass, momentum and mechanical energy. 

Review of fundamentals and classical conduction problems, equations for heat and momentum transfer, and applications. 

Review of classical mass transfer problems and basic equations for diffusion mass transport in binary systems, Heat, mass and momentum transfer in multicomponent systems, Boundary layer theory. 

Texts / Reference Books

R.B. Bird, W.E. Stewart and E.N. Lightfoot, Transport Phenomena, Wiley International ed., New York, 1960. 

G.K. Batchelor, An Introduction to Fluid Dynamics, Cambridge University Press, Cambridge, 1967. 

J.C. Slattery, Momentum, Energy and Mass Transfer in Continua, Robert E. Krieger Publishing Company, New York, 1981. 

Major Elective I

CH503 Advanced Chemical Reaction Engineering

3L+1T+3P Ex. Hrs. 3

Stoichiometric representation. Isothermal ideal reactors, Recycle. Thermodynamic considerations and reactor energy balances. Reactor stability. Concepts of nonideality. Segregated flow and maximum mixdness. Mixing models. Catalysis. Catalyst structure and characterization. External and internal mass transfer. Non-isothermal considerations. Fixed, moving and fluidised bed reactors. Non-catalytic gas-solid reactions. Gas-liquid reactions and mass transfer models. Contactors and reactor design considerations. 

Texts / Reference Books

Fogler, H.S., Elements of Chemical Reaction Engineering, Prentice Hall, New Jersey, 1986. 

Froment, F.G. and Bischoff, K.B., Chemical Reactor Analysis and Design, Wiley, New York, 1990. 

Smith, J.M. Chemical Engineering Kinetics, 3rd ed., McGraw-Hill, New York, 1981. 


CH505 Advanced Thermodynamics



3L+1T+3P Ex. Hrs. 3

Fundamental concepts of classical and statistical thermodynamics. Intermolecular forces and potential energy functions. Molecular theory of corresponding states. 

Thermodynamic properties and multicomponent multiphase equilibria from Equations of state. 

Extensive computer calculations for generation of phase equilibrium data, e.g. VLE, LLE, GLE, SLE, SFE, LFE and their combinations, phase equilibria at extreme conditions. Molecular theories of solutions and activity coefficient models. 

Biothermodynamics of dilute aqueous systems. Thermodynamics of polymer solutions and colloidal systems. 

Texts / Reference Books

Prausnitz, J.M., Lichtenthaler R.M. and Azevedo, E.G., "Molecular Thermodynamics of fluid-phase Equilibria, 2nd edition Prentice Hall Inc., Englewood Cliffs, New Jersey, 1986. 

Reid R.C., Prausnitz J.M. and Poling, B.E., "The properties of Gases & Liquids", 4th ed., 

McGraw Hill, New York, 1987. 

Edsall J.T. & Gutfreund H., "Biothermodynamics", John Wiley & Sons Ltd., New York, 1983. 

CH507 Multicomponent Separations



3L+1T+3P Ex. Hrs. 3

Distribution coefficients; Design variables; General short-cut methods; Rigorous methods of absorption, extraction and distillation; Azeotropic and extractive distillation; Actual plates; Design of packed columns. 

Texts / Reference Books

B.D. Smith, Design of Equilibrium Stage Processes, McGraw Hill, New York, 1963. 

C.D. Holland, Fundamentals of Multicomponent Distillation, McGraw Hill, New York, 1981.
CH509 Computational Methods in Chemical Engineering
3L+1T+3P Ex. Hrs. 3

Linear Algebraic Equations: Introduction, Gauss-Elimination, Gauss-Siedel and LU Decomposition methods, Thomas’ algorithm.

Eigen Values and Eigen Vectors of Matrices: Introduction, Fadeev-Leverrier’s method, Power method, Householder’s and Givens’ method.

Nonlinear Algebraic Equations: Single variable and multivariable successive substitution method, single variable and multivariable Newton-Raphson technique, Polynomial root finding methods.

Function Approximation: Least squares curve fit, Newton’s interpolation formulae, Lagrangian interpolation, Pade approximation, Cubic spline approximation. Integration formulae: Trapezoidal rule, Simpson’s rule.

Ordinary Differential Equations - Initial Value Problems: Explicit Adams-Bashforth technique, Implicit Adams-Moulton technique, Predictor-corrector technique, Runge-Kutta methods, Stability of algorithms.

Ordinary Differential Equations - Boundary Value Problems: Finite difference technique, Orthogonal Collocation (OC), Shooting Techniques.

Partial Differential Equations: Partial Differential Equations (PDE) - Classification of PDE, Finite difference technique (Method of lines), Orthogonal collocation. 

Case Studies.  Use of spreadsheets in Chemical Engineering.

Text/Reference Books

Gupta, S. K., “Numerical Methods for Engineers,” New Age International Ltd., New Delhi, 1995.

Hanna, O.T. and Sandall,O.C., "Computational Methods in Chemical Engineering," Prentice-Hall, 1975. 

Davis, M.E., "Numerical Methods & Modelling for Chemical Engineers," John Wiley, 1984.

Constantinides, A., “Applied Numerical Methods with Personal Computers,” McGraw-Hill, 1987.

Press, W. H., Teukolsky, S. A., Vellerling, W. T., Flannery, B. P., “Numerical Recipes in C,” 2nd ed., Cambridge University Press, New Delhi, 1992.

CH511 Pollution Control Systems




3L+1T+3P
Ex. Hrs. 3

Sources of water, air and land pollution; Legislation and standards; Analysis of pollution; Design of waste-water and industrial effluent treatment; Specification of Clean technologies and recovery schemes of useful chemicals. 

Air pollution and its measurement; Design of pollution abatement systems for particulate matter and gaseous constituents; Hazardous waste disposal and treatment; Solid-waste disposal and recovery of useful products through chemical and biological methods. 

Text/Reference Books

Mahajan, S.P., Pollution Control in Process Industries, Tata-McGraw Hill, 1985. 

N.L. Nemerow, Liquid waste of Industry - Theories, Practices and Treatment, Addison Wesley, New York, 1971. 

W.J. Weber, Physico-Chemical Processes for Water Quality Control, Wiley Interscience, New York, 1969. 

W. Strauss, Industrial gas Cleaning, Pergamon, London, 1975. 

A.C. Stern, Air Pollution, Volumes I to VI, Academic Press, New York 1968.

Major Elective II

CH513 Bioprocess Principles



3L+1T+3P 
Ex. Hrs. 3

Bioresources, Biomolecules, Enzyme and enzyme kinetics, Case study of a commercial enzyme process. 

General microbiology, metabolic stoichiometry and energetic, molecular genetics, microbial kinetics and reactors. Case studies in microbial processes. Downstream bioprocessing; Physical separation processes, Chromatography; membrane processes; Modern Biotechnological applications. 

Text/Reference Books

Bailey, J.E. and Ollis, D.F., "Biochemical Engineering Fundamentals", 2nd Ed., McGraw Hill, 

New York, 1986. 

Aiba, S., Humphrey, J. Biochemical Engineering, Academic Press, 1973. 

Reed, G., Food Sciences and Technology, Academic Press, 1975. 

Prescott, S.C., Dunn, C.G., Industrial Microbiology, McGraw Hill, New York, 1960 & 1983 Edns.


CH515 Optimisation of Chemical Processes


3L+1T+3P Ex. Hrs. 3

Formulation of the objective function.

Unconstrained single variable optimization: Newton, Quasi-Newton methods, polynomial approximation methods.

Unconstrained multivariable optimization: Direct search method, conjugate search method, steepest descent method, conjugate gradient method, Newton’s method.

Linear Programming: Formulation of LP problem, graphical solution of LP problem, simplex method, duality in Linear Programming, two-phase method.

Non linear programming with constraints: Necessary and sufficiency conditions for a local extremum, Quadratic programming, successive quadratic programming, Generalized reduced gradient (GRG) method.

Applications of optimization in Chemical Engineering.

Text/ Reference Books

Edgar, T.F., Himmelblau, D. M., Lasdon, L. S., “Optimization of Chemical Process”, 2nd ed., McGraw-Hill, 2001.

Rao, S. S., “Optimisation Techniques”, Wiley Eastern, New Delhi, 1985.

Gupta, S. K., “Numerical Methods for Engineers”, New Age, 1995.

Beveridge, G. S. and Schechter, R. S., “Optimization Theory and Practice”, McGraw- Hill, New York, 1970.

Rekllaitis, G.V., Ravindran, A. and Ragsdell, K. M., “Engineering Optimization- Methods and Applications”, John Wiley, New York, 1983.

CH517 Natural and Synthetic Polymers



3L+1T+3P Ex. Hrs. 3

Forces affecting a molecular system. Cohesive energy and polymers, Mechanisms and methods of polymerisation. Design features of polymerisation reactors. New applications of polymers such as in membranes; typical features of natural polymers such as cellulose and rubber. 

Text/ Reference Books

Kaufman, H.S. and Falcetta, J.T., "Introduction to Polymer Science and Technology, SPE Textbook, Wiley Interscience, New York, 1977. 

Mark, H.F. and Gaylord, N.C., Encyclopeida of Polymer Sci. & Tech., 2nd edn. Interscience, 1989. 

Blow, C.M., Rubber Technology and Manufacture, 2nd ed., Butterworths, London, 1982. 

Brown, R.M., Cellulose and other natural polymer systems; Biogenesis, Structure and degradation, Plenum Press, New York, 1982.

CH519 Membrane Based Separation Techniques


  3L+1T+3P Ex. Hrs. 3

Introduction to Membrane separation, Equilibrium and rate governed separation processes, Mechanism of separation and transport models, Osmotic pressure and its determination. Preparation of synthetic membranes and their characterization.

Working principle, flux equations, factors affecting performance and design principle of various membrane separation processes such as Reverse Osmosis, Ultra filtration, Micro filtration, Dialysis, Electro dialysis, Pervaporation, Membrane distillation, and separation of gaseous mixtures using Membranes. Membrane  Reactors and Membrane bioreactors.

Polarization phenomena and Fouling in Membrane Separation, Different membrane modules, comparison of the module configuration, some case studies and economic aspects.

Text/ Reference Books

Marcel Mulder, “Basic Principles of Membrane Technology”, 2nd ed. 1996, Kluwer Academic Publishers, Boston/London.

Bungay P.M. et. al, “Synthetic Membranes: Science, Engineering and Applications”, Nato, ASI Series, Vol. 181, Riedel Publishing Co. 1986.
Nobles R.D. & Stern S.A. “Membrane Separation Technology: Principles and Applications”, Elsevier, Amsterdam, 1995.

Ho, W.S.W, and Sirkar K.K., “Membrane Hand book”, Van Nostrand Reinhold, 1992, N.Y.

B.S. Pareekh, “Reverse Osmosis: Technical Application for High purity Water Production” Marcel Dekker.

Major Elective III

CH502 Catalysis and Surface Chemistry



3L+1T+3P
Ex. Hrs. 3

Review of chemical kinetics; Homogeneous catalysis; Acid base catalysis; Heterogeneous catalysis; Adsorption-physical and chemical surface area, pore size and pore volume determination; reaction rates and selectivity; Role of diffusion in catalysis; Polymerization in emulsions; Selection, preparation and evaluation of catalysts. 

Text/ Reference Books

J.M. Thomas and W.J. Thomas, Introduction to the principles of Heterogeneous Catalysis, Academic Press, 1967. 

C.N. Satterfield and T.K. Sherwood, The Role of Diffusion in Catalysis, Addison Wesley, 1963. 

P.H. Emmett (Ed.), Catalysis, Reinhold, 1954. 

CH504 Selected Separation Processes



3L+1T+3P
Ex. Hrs. 3

Adsorption separations: Review of fundamentals, mathematical modelling of column contactors, Pressure swing adsorption. Ion chromatography, Affinity chromatography, Graient chromaottaphy, Parametric pumping, Countercurrent, Simulated countercurrent and multidimensional chromatography. 

Introduction to Membrane Separation Processes, Classification and working principle of  RO, UF, MF, ED, Pervaporation, Gaseous Separations, and membrane distillation. 

Ion Exchange, History, basic principle and mechanism of separation, Ion exchange resins, regeneration and exchange capacity.  Exchange equilibrium, affinity, selectivity and kinetics of ion exchange. Design of ion exchange systems and their uses in removal of ionic impurities from effluents. 

 Surfactant Based Separation, Fundamentals of Surfactants at surfaces and in solution, Foam fractionation and froth floatation, Design of foam fractionation column, Micellar separation and liquid membrane permeation.

Supercritical Fluid Extraction, Physicochemical principles, thermodynamic modeling, process synthesis and analysis, case studies.

Text/ Reference Books

Wankar, P.C., Large Scale Adsorption and Chromatography, CRC Press, Boca Raton, F1. 1986. 

Rousseau, R.W. (ed.), Handbook of Separation Process Technology, John Wiley & Sons, New York, 1987. 

Sourirajan, S. and Matsura, T., Reverse Osmosis and Ultra-filtration-Process Principles, NRC Publication NO.24188, Ottawa, 1985. 

Porter M.C. (ed.), Handbook of Industrial Membrane Technology, Noyes Publication, Park Ridge, New Jersey, 1990. 

Hatton, T. A., Scamehorn, J. F. and Harvell, J. H., “Surfactant  Based Separation Processes”, Vol. 23, Surfactant Science Series, Marcel Dekker Inc., New York 1989.

McHugh, M. A. and Krukonis, V. J., ‘Supercritical Fluid Extraction”, Butterworths,    

Boston, 1985.

CH506 Bioseparations




3L+1T+3P
Ex. Hrs. 3

Characteristics of bioproducts; Flocculation and conditioning of broth. Mechanical separation; Cell disruption; Protein precipitation and its separation; aqueous two phase extraction; Adsorption-desorption processes; Chromatic methods of separation based on size, charge hydrophobic interactions. Biological affinity methods etc.; Membrane based separation; Electrophoresis; and Electro dialysis; Crystallization; Case studies. 

Text/ Reference Books

Harrison R.G.,. Todd, P., Rudge, S.R. and Petrides, D.P. “Bioseparations Science and Engineering,”Oxford University Press, New York, 2003

Belter, P.A.  ., Cussler E.L and Hu, W. S.  “Bioseparations: Downstream Processing for Biotechnology,” John Wiley & Sons, 1988
CH508 Polymer Processing 





3L+1T+3P  Ex. Hrs. 3

Classification of Polymer Processing Operations. Simple Model Flows for analyzing processing operations with examples. Extrusion and extruders. Calendering, Roller and Blade Coating, Film Blowing. Fiber spinning injection moulding, blow moulding, thermoforming, rotational moulding. Compression and transfer moulding. Reaction injection moulding. Compounding and mixing. Twin screw extruder. Banbury and other mixing equipments in polymer processing. 

Text/ Reference Books

Middleman, S., "Fundamentals of Polymer Processing," McGraw-Hill Book Company, NY (1977)

Morrison, F.A., “Understanding Rheology,” Oxford University Press, 2001.

Tadmor, Z. and Gogos C.G., “Principles of Polymer Processing,” Wiley- Interscience, New York (1979).

CH510 Advanced Process Control




3L+1T+3P
Ex. Hrs. 3

Control systems with Multiple loops: Cascade control, split range control, Feed-forward and Ratio control. Adaptive and Inferential control systems.

Multiple input multiple output (MIMO) control systems; Interaction and Decoupling of control loops; Digital Control systems, Z- Transforms, Discrete-time response of Dynamic Systems, Design of Digital feedback control systems, Process Identification and Adaptive control; Model predictive control.

Text/Reference Books

Stephanopoulos, G., “Chemical Process Control”, Prentice Hall of India, New Delhi, 1990.

Seborg, E., Edgar, J. F. and Mellichamp, D. A., “Process Dynamics and Control”, John Wiley, 1989.

Astron, K. J. and Wittenmark, B., “Computer Controlled Systems”, Prentice Hall, 1994.

Coughanowr, D. R., “Process Systems Analysis and Control”, 2nd Ed., McGraw Hill, NY, 1991.

Major Elective IV

CH512 Modeling and Analysis of Bioprocesses                          3 L+1T+3P Ex. Hrs. 3

Review of enzyme and microbial kinetics, metabolic stoichiometry. 

Kinetics of substrate utilization, product formation and biomass production in cell cultures. Growth and product formation in filamentous organisms. Thermal death kinetics for cell and spores. Transport phenomena in Bioprocess systems. Mass Transfer, heat transfer and power input calculations for different kinds of fementators and for Newtonian and non-Newtonian fermentation broths. 

Design and Analysis of biological reactors; Case studies in Fermentation, Enzymatic and Waste treatment bioprocess design. Experiments to illustrate bioprocesses. 

Text/Reference Books

Bailey J.E., and Ollis, D.F., "Biochemical Engineering Fundamentals", 2nd Edn., McGraw- Hill Intl. Edn., New York, 1986. 

Flechter; Ghose, T.K. Blakebrough, N., Advances in Biochemical Engineering Series, Springer-Verlag, Berlin. 

CH514 Polymer Reaction Engineering



3L+1T+3PEx. Hrs. 3

Classification of polymerization reactions, Chain chemical reactions and Polyaddition, Reaction mechanisms and rate equations; Order of polymerization reaction; Molecular weight distribution in batch and continuous reactors; Average molecular weight and experimental determinations based on viscosity osmotic pressure etc. polymerization; Semi-batch reactor operation; Design of batch and continuous reactors. Heat removal from polymerisers. Heterogeneous polyaddition reactors; Suspension and Emulsion polymerization; Smith-Ewart?s theory and Stockmayers equation; Continuous emulsion polymerization; An ionic and cationic polyaddition; Co-polymerization; Mayo?s equation and reactivity ratio; Alfreg-Price equation; Rate of copolymerization and y factor; Skiest?s equation. 

Polycondensation reactions; Flory?s equation and molecular weight distribution; Molecular weight regulations. 

Typical case studies involving the analysis of polymerisers. 

Text / Reference Books

G.M. Burnett, Mechanism of Polymer Reactions; Interscience, New York, 1954. 

F.M. Bovey, A.J. Medalia, E.J. Meachan and I.M. Kolthoff, Emulsion Polymerization; Interscience, New York, 1955. 

G.E. Harn, Copolymerization, Interscience, New York, 1969. 

Mark, H. Bikalis et al, (Ed Encyclopdiea of Polymer Science and Engineering, Interscience, New York, 1989. 

CH516 Petroleum Refining Engineering-I



3L+1T+3P Ex. Hrs. 3

Chemistry of Petroleum hydrocarbons, Composition of petroleum, and petroleum products. Physico-chemical and thermodynamic properties of petroleum products and their characterization, Oilfield refining operations -Dehydration, Desalting, Gas separation, Natural gas production and gas sweetening. Refinery operations and vacuum distillation. Sequencing of distillation columns. Distillation column design. Tube still heater design. 

Text / Reference Books

W.L. Nelson, Petroleum Refinery Engineering, McGraw Hill, New York, 1961. 

R.J. Hengateback, Petroleum Refining, McGraw-Hill, New York, 1959. 

V.Y. Stern, Gas phase oxidation, Pergamon, London 1964, Steiner, H. 

CH518 Advanced Pollution Control



3L+1T+3PEx. Hrs. 3

Industrial wastewater characterization, Treatability studies- Segregation, Pretreatment., Standards.

Control of Pollutants- Coagulation, Sedimentation, Thickening, Precipitation, Biological Oxidation, Biomethanation, Adsorption, Ion-Exchange, Membrane Separation, Chemical Oxidation, Sludge dewatering and disposal methods. 

Control of water pollution from organic chemicals, refinery, petrochemical, distillaries, pulp and paper, textile, fertilizer, tanneries, food and pharmaceutical industries, coke-ovens, and steel plants.

Text / Reference Books

Metcalf and Eddy, “Waste Water Engineering Treatment, Disposal”, 3rd ed., Tata McGraw Hill.

Modi, P. N., “Sewage Treatment and Disposal and Waste Water Engineering,” Vol. II, Standard Book House, Delhi , 2001.

Peavy, H. S., Rowe, D. R. , Tchobanoglous, G. , “Environmental Engineering” ; McGraw Hill, 1995.

Mahajan, S. P., “Pollution Control in Process Industries,” Tata McGraw-Hill, New Delhi, 1985.

Arceivala, S.J., “Wastewater Treatment and Disposal”, Marcel Dekker, 1981.

Major Elective V

CH520 Conceptual Design of Chemical Processes


3L+1T
Ex. Hrs. 3

Process synthesis: Hierarchial approach to conceptual design, Input information and batch v/s continuous processes, Input-output structure of the Flow Sheet, Recycle structure, Separation systems, Sequencing of Distillation Columns, Reactor network synthesis, Heat exchanger networks and strategies, Design of Heat Exchangers,  Separation Towers, Pumps, Compressors and expanders, Optimal design and scheduling of batch processes. Cost estimation and Profitability analysis.

Text/Reference Books

Douglas, J.M., “Conceptual Design of Chemical Processes,” McGraw-Hill, Singapore, 1988 

Seider W.D., Seader J.D. and Lewin D.R. “Product and Process Deign Principles” John Wiely & Sons Inc, 2004
Peters, M.S. and Timmerhaus, K.D., “Plant Design and Economics for Chemical Engineers,” McGraw- Hill, Singapore, 1991

CH522 Multi-phase Flow Systems





3L+1T
Ex. Hrs. 3

Introduction to the flow of multiphase mixtures: gas or vapor-liquid, liquid-liquid, liquid-solid, gas-solid, solid-liquid-gas and gases carrying solids (pneumatic transport) stratification and disperson, Flow regimes and flow patterns.

Gas (Vapor) and Liquid Flows: Horizontal flow, Vertical flow,  pressure, momentum and energy relations, methods of evaluating pressure drop, Lockhard-Martinell, Chisholm correlations, critical flow, non-Newtonian flow.

Solid-Gas Flow: Effect of pipeline diameter, inclination, bends, valves and length. Liquid and its physico-chemical properties, rheology, corrosive nature, viscosity, Solid particle size, distriibution phase, and density i.e. their factors effecting behavior in a fluid, Concentration of particles and the flow rates of both solids and liquid.

Solid-Gas Flow: Horizontal flow, Suspension mechanism, determination of voids, energy requirements for conveying, pressure drop and solid velocities in dilute phase flow, dense phase conveying, vertical transport.

Bubble and drop formation: Phase holdups, Interfacial areas, mixing and pressure drops, multiphase (gas liquid solid) operations.

Text/Reference Books

Govier, G.W. and Aziz, K., “THE FLOW OF COMPLEX MIXTURES IN PIPE,” Krieger Publication Florida, 1982.

Coulson JM and Richardson J.F., “CHEMICAL ENGINEERING,” Vol I, Butterworth-Heinmann, Oxford, 1999.

CH524 Environmental Impact Assessment



3L+1T
Ex. Hrs. 3

Basic concept of EIA, EIS and EMP. 

Prediction and assessment of impacts of air, water, biota, noise, cultural and social economic environment. 

Rapid and comprehensive EIAs. 

Case studies.

Text/ Reference Books

Canter, L.W., “Environmental Impact Assessment,” 2nd ed., McGraw-Hill, Singapore.

Jain, R.K., “Environmental Impact Assessment,” 

CH526 Petroleum Refining Engineering-II



3L+1T
Ex. Hrs. 3

Thermal Processes-Thermal cracking, Coking, Pyrolysis, Visbreakng; Design of thermal cracking unit, Catalytic Processes-Catalytic Cracking, Catalytic reforming, Application of molecular sieve for refinery processes. Hydrogenation Processes-Hydrogenation, Hydrocracking, Hydro refining, Hydrofinishing, Hydro-desulfurisation. 

Text/ Reference Books

Nelson, W.L., Petroleum Refinery Engineering, McGraw Hill, New York, 1961. 

Hengstebeck, R.J., Petroleum Refining, McGraw Hill, New York, 1959. 

Steiner, H., Introduction to Petroleum Chemicals Industry, Pergamon, London, 1961. 

V.Y. Sern, Gas Phase Oxidation, Pergamon, London, 1964. 

CH528 Industrial Biotechnology




3L+1T
 Ex. Hrs. 3

Fundamentals of biochemical engineering sciences; Biotechnology - ancient and modern; Exploitation of microbes - Large scale process, commercial exploitation, micro-gravity biotechnology (space biotechnology); Animal biotechnology - application of animal cell culture, monoclonal antibodies, transgenic animals and gene therapy; plant biotechnology - plant cell, tissue and organ culture processes - engineering perspectives; Large scale separation processes - ATPS, gradient elution and affinity interaction; Technoeconomics of biotechnology industries; Legal, social and ethical aspects of biotechnology; Biotechnology and the third world. 

Text/ Reference Books

Primrose, S.B. : Modern Biotechnology, Blackwell Scientific Publications, Oxford, 1989. 

Flechter; Ghose, T.K. Blakebrough, N., Advances in Biochemical Engineering Series, Springer-Verlag, Berlin. 
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DEPARTMENT OF ELECTRONICS & COMMUNICATION ENGINEERING


SYLLABUS

M. Tech. (VLSI DESIGN)

1.   EC-551 CMOS VLSI Design




Cr. 4: (3-0-2)

Process flow and masking steps for MOS and CMOS technologies, Lambda based design rules.

(3) Electrical behavior of MOS transistors

(4) Latch up in CMOS technology

Layer properties of various conducting layers in MOS technology (diffusion, poly-silicon and metal): Sheet resistance, relative capacitance.

Fundamental time constant (() for a technology. Design and analysis of NMOS (enhancement and depletion) and CMOS inverters; rationing of transistor size, logic threshold, logic low voltage level, rise and fall of delays.

Design of basic gates in NMOS technology. CMOS logic design styles: static CMOS logic(AND, NOR gates), complex gates, domino logic, pseudo NMOS logic ,clocked CMOS(C2 MOS) logic.

Structured logic design: programmable arrays. Design of latches and flip-flops, static memory cell and dynamic memory cell.

MOS scaling theory and scaling of interconnection. 

Ref:

7. Sung-Mo Kang & Yusuf Leblebici, CMOS Digital Integrated Circuits Analysis and Design, McGraw-Hill, 1998.

8. Neil H.E.Weste and Kamran Eshraghian, Principles of CMOS VLSI Design, Addison Wesley, 1998.

9. Rabaey et al., Digital Integrated Circuits, Pearson India, 2002.

10. K. Martin, Digital Integrated circuit design, Oxford University press, 2001.

11. A.Mukherji, Introduction to nMOS and CMOS VLSI system design, Prentice Hall Inc., 1986.

12. C.Mead and L.Conway, Introduction to VLSI systems, Addison Wesley, 1986.

7.        Glasser and Dobberpuhl, Design and analysis of VLSI circuits, Addison Wesley, 1985.

2.   EC-553 Digital System design:




 Cr. 4: (3-1-0)

Sequential Logic Design- Introduction, Basic Bistable Memory Devices,additional bistable devices, reduced characteristics and excitation table for bistable devices. 

Synchronous Sequential Logic Circuit Design: Introduction, Moore, Mealy and Mixed type   Synchronous State Machines. Synchronous sequential design of Moore, Melay Machines, Synchronous Counter Design.

Data path and Control design. Algorithmic State Machine: An Algorithm with inputs, digital solution, Implementation of traffic light controller, ASM charts, Design Procedure for ASMs.

Introduction to programmable logic devices: PALs,  PLDs,  CPLDs and FPGAs.

Introduction to VHDL: Data types, Concurrent statements, sequential statements, behavioral modeling.

Ref:

6. Digital System Design, Ercegovic, Wiley.

7. Richard S. Sandige, Modern Digital Design, McGraw-Hill, 1990.

8. Zvi Kohavi, Switching and Finite Automata Theory, Tata McGraw-Hill.
9. Navabi. Analysis and modeling of digital systems. McGraw Hill, 1998.
10. Perry. Modeling with VHDL. McGraw Hill, 1994.

3.    EC-555 VLSI Physical design: 




Cr. 4: (3-0-2)


Circuit partitioning placement and routing algorithms.

Design Rule-verification, Circuit Compaction; 

Circuit Extraction and post layout simulation. 

Deep sub-micron interconnects modeling and synthesis.

Ref:
5. Sarrafzadeh, M. and Wong, C. K. An introduction to VLSI physical design, Mc Graw Hill, 1996.

6. Sait, S. M. and Youssef, H. VLSI physical design automation. IEEE press, 1995.

7. Sherwani, N. VLSI physical design automation. Kluwer, 1999.

8. Preas and Lorenzetti. Physical Design Automation of VLSI Systems. Benjamin-Cummings, 1988. 
5.   T. H. Cormen, C. E. Leiserson and R. L. Rivest, “Introduction to Algorithms,” McGraw-Hill, 1990

4.   EC-557 Synthesis of Digital systems: 


Cr. 4: (3-0-2)
Role of CAD in digital system design, levels of design and description such as behavioral, structural and physical;

Technological alternatives; languages for design description and modeling at various levels;

CAD tools for synthesis, optimization, simulation and verification of design at various levels as well as for special realizations and structures such as microprogrammes, PLAs, gate arrays etc.
Ref: 

1.   G. D. Micheli. Synthesis and optimization of digital systems.

2.  Dutt, N. D. and Gajski, D. D. High level synthesis, Kluwer, 2000.

3.  T. H. Cormen, C. E. Leiserson and R. L. Rivest, “Introduction to Algorithms,” McGraw-Hill, 1990.

4.  N. Deo, Graph Theory, PH India.



      5.   EC-559 CAD of ICs: 





Cr. 4: (3-0-2)
Introduction to concept of design, design methodologies, semi-custom and custom design approaches.

Data path & control design. 

Elements of device and circuit simulation, logic simulation.

Stick diagram and representation, layout of ICs, lambda based design rules.

Deep submicron interconnects modeling and synthesis.

Topics in design-yield and redundancy, low power design techniques.

     Ref: 

1.  Raguram, R. Modeling and Simulation of Electronic circuits. PHIndia, 1996.

2.  Weste and Eshraghian. Principles of CMOS VLSI design. Addison Wesley, 1998.

3.  Kang, S. M. and Leblebici, Y. CMOS Digital Integrated Circuits: Analysis and Design. Mc Graw Hill, 2000.

4.  Chandrakasan, A. P. Low-power design methodologies. IEEE Press, 1998.

5. A. Mukherji. Introduction to n|MOS and CMOS VLSI system design. Prentice Hall Inc., 1986

6.  C. Mead and L. Conway. Introduction to VLSI systems. Addison Wesley, 1985.

6.    EC-561 Combinatorial Optimization:  



 Cr. 4: (3-1-0)
Optmization problem- Convex sets and functions.

The SIMPLEX algorithm- forms of linear programming problem, geometry of LP, organization of Tableau. Computational considerations for simplex algorithm

Duality- dual of LP, dual simplex problem. Primal-dual algorithm.

Algorithms & complexity- shortest path, max-flow, Dijkshtra’s algorithm, min-cost flow, algorithm for graph search and matching; spanning trees and matroids; Integer Linear programming, Greedy algorithm, approximation algorithms; branch-and-bound; dynamic programming.

Ref:

1. Papadimitriou and Steiglitz, Combinatorial optimization, PH India, 2001.

2. Nemhauser and Wolsey, Integer and Combinatorial optimization, Wiley Inter-science 1999.

7.   EC-563 VLSI Testing &Testability: 




Cr. 4: (3-1-0)
Physical Faults and their modeling; Stuck at Faults, Bridging Faults; Fault collapsing; Fault Simulation: Deductive, Parallel, and Concurrent Fault Simulation. 

Critical Path Tracing; 

ATPG for Combinational Circuits: D-Algorithm, Boolean Differences, PODEM Random, Deterministic and Weighted Random Test Pattern Generation; Aliasing and its effect on Fault Coverage. 

PLA Testing, Cross Point Fault Model and Test Generation.

Memory Testing Permanent  Intermittent and Pattern Sensitive Faults, Marching Tests; Delay Faults. 

ATPG for Sequential Circuits : Time Frame Expansion ; Controllability and Observability Scan Design, BILBO , Boundary Scan for Board Level Testing ; BIST and Totally self checking circuits.

System Level Diagnosis: Introduction; Concept of Redundancy, Spatial Redundancy, Time Redundancy, Error Correction Codes.

Reconfiguration Techniques; Yield Modeling, Reliability and effective area utilization.

Ref:

1. Abramovici, M., Breuer, M. A. and Friedman, A. D. Digital systems testing and testable design. IEEE press (Indian edition available through Jayco Publishing house), 2001.
2. Bushnell and Agarwal, V. D. VLSI Testing. Kluwer. 
3. Agarwal, V. D. and Seth, S. C. Test generation for VLSI chips. IEEE computer society press.

4. Hurst, S. L. VLSi testing: Digital and mixed analog/digital techniques. INSPEC/IEE, 1999.

8.   EC-513 Signals & Systems:




 Cr. 4: (3-1-0)

Discrete and continuous random variables, joint probability.

Stochastic processes, stationarity & ergodicity, laws of large numbers, central limit theorem, various distribution functions (Gaussian, Normal, Poisson, etc.) and their properties.

Introduction to estimation & detection theory, Matched Filters, Adaptive Filters (optimum filters).

9.
EC-505 Computer Communications 



Cr. 4: (3-0-2)

Introduction to data communication. Concept of analog and digital signals. Bandwidth. Network architecture. Basics of OSI and TCP/IP reference models. Example architecture of other reference models.

Transmission media. Wired and wireless connectivity. FDM, TDM and CDMA. Circuit and packet switching. Frame relay and ATM switching. ISDN.

Local area network protocols. IEEE standards for LAN. Fibre optic networks. Satellite networks. Data link layer design issues: its functions and protocols.

Internet protocol. Routing algorithms. Congestion control algorithms. IP addressing schemes. Internetworking and sub-netting. 

Transport and application layer design issues. Connection management. Transport protocol on top of X.25. File transfer and access management.

Traditional cryptography. The Data Encryption Standard. Key distribution problem. Public cryptography. Authentication and digital signatures.

Modelling and Analysis of Computer Communication Networks: Pure Birth and Birth-Death Process. Bernoulli Trials-Markov Chains. Poisson Process. Calculation of Delay-Little's Formula, Burke's Theorem. Queueing Models: M/M/1, M/M/1/N, M/M/S, M/M/S/N queues. Imbedded Markov Chains-M/G/1 queue. Network layout and reliability considerations.

References:

Stallings: Data communication & Networking

Tanenbaum: Computer Networks

Blake: 

Jeremiah F. Hayes: Modelling and Analysis of Computer Communication Networks

10.  EC-550 VLSI Technology: 





Cr. 4: (3-1-0)
Basic IC processing steps.

Crystal growth and wafer preparation. 

Epitaxy-basics of vacuum deposition, MBE. CVD- low and high temp/pressure depositions. 

Diffusion –kinetics, Ficks law, sheet resistivity methods of diffusion. 

Oxidation –properties of oxides, theory of oxidation, oxidation under different ambients. 

Ion implantation. 

Etching techniques. 

CVD of polysilicon, oxides and nitrides. 

Integrated circuit structures in bipolar and MOS. 

Introduction to process simulation, SUPREM.

Ref:

1.  S. M. Sze, VLSI Technology, McGRAW-HILL, 1988.

2.  D. Nagchoudhuri, Principles Of Microelectronic Technology, Wheeler Publishing, 1998.

3.  Stephen A. Campbell, The Science and Engineering of Microelectronic Fabrication, Oxford University Press, 1996. 

4.   Hong Xiao, Introduction to Semiconductor Manufacturing, Prentice Hall, 2001.

5.   SK Gandhi, VLSI fabrication principles, John Wiley 1983.
6.  AB Glaser, GE Subak-Sharpe, Integrated circuit engineering, Reading MA, Addison Wesley 1977

11.    EC-552 Analog and Mixed Signal ICs: 


Cr. 4: (3-0-2)

Review of MOS Transistor operation models and equivalent circuits. Single-Stage Amplifiers, Differential Amplifiers. Passive and Active Current Mirrors: Cascode Current mirror, Wilson Current mirror. 

Theory and design of MOS Operational Amplifier, Complete CMOS operational amplifier including frequency compensation. 

Comparators and Voltage Reference Sources. 

Switched Capacitor Circuits: Principles of operation of Switched Capacitor Circuits, Switched Capacitor Filters. 

D/A and A/D converters.

Nonlinear Analog circuits: Timers, Function generators, Multipliers and PLL 

Ref:

3. P. R. Gray and R. G. Meyer. Analysis and Design of Analog Integrated Circuits. McGraw Hill, NY, 1994. 
4. A. B. Grebene, Bipolar and MOS analog integrated circuits design. John Wiley, 1984.

          3.   S. Soclof. Analog Integrated Circuits. Prentice Hall Inc. , 1985.

         12.   EC-554 High Level Design & Modeling of digital systems: 
Cr. 4: (3-0-2)
System level design, description languages- SDL, SpecChart etc.

Architectural synthesis for DSP applications. 

Formal Verification of digital systems- BDD based approaches, functional equivalence, finite state automata, -automata, FSM verification. 

Hardware-software partitioning, interface synthesis, case studies.
Ref:

2. Gajski, Gupta and Vahid, Specifications and design of Embedded systems

       2.   Topics on formal verification to be covered using topics from literature.

       13.    EC-556 Embedded Systems- HW & SW Design:

Cr. 4: (3-0-2)

Embedded computing- Microprocessors, embedded design process, system description formalisms. Instruction sets- CISC and RISC;

CPU fundamentals- programming I/Os, co-processors, supervisor mode, exceptions, memory management units and address translation, pipelining, super scalar execution, caching, CPU power consumption.

Embedded computing platform- CPU bus, memory devices, I/O devices, interfacing, designing with microprocessors, debugging techniques.

Program design and analysis- models of program, assembly and linking, compilation techniques, analysis and optimization of execution time, energy, power and size.

Processes and operating systems- multiple tasks and multiple processes, context switching, scheduling policies, inter-process communication mechanisms.

Hardware accelerators- CPUs and accelerators, accelerator system design.

Networks- distributed embedded architectures, networks for embedded systems, network-based design, Internet-enabled systems.

System design techniques- design methodologies, requirements analysis, system analysis and architecture design, quality assurance.

Ref:
Wolf, W. Computers as components- Principles of embedded computing system design. Academic Press (Indian edition available from Harcourt India Pvt. Ltd., 27M Block market, Greater Kailash II, New Delhi-110 048.)

       14.    EC-558 Advance Computer Architecture: 


Cr. 4: (3-1-0)
Motivation for parallel processing, classification of Parallel Architectures: SIMD/MIMD, Control/ Data Flow, Distributed/Shared Memory Architectures. 

Mapping Algorithms onto regular Arrays: Data dependencies, Linear, Rectangular Mesh and Hexagonal   Arrays and Algorithms for these Architectures. 

SIMD Algorithms: Design Considerations, Masking Vector instruction and Data structures. Memory Allocation Techniques. Interconnection Networks. Sorting and Data Broadcasting. Massively Parallel SIMD computing. 

MIMD Algorithms (Shared Memory): Synchronization, Mutual Exclusion , Hot spots. Interconnection networks. Algorithms for SM/SIMD Machines. Performance issues. 

MIMD Algorithms ( Distributed Memory ) : Synchronous and Asynchronous Operation. Message routing Schemes. Interconnection Networks. Packet and Circuit Switching. Network Architectures. Distributed Algorithms.


           15.    EC-560 Memory Design & Testing: 



Cr. 4: (3-1-0)
Review of MOS Structure, Scaled Down MOSFET and CMOS Processing. Processing for Memories: Multipoly Floating Gate and Control Gate, Trench Capacitors and thin Oxide. Inverter Design: Choice of W/L and Noise Margin Calculation, Cascode and Differential Inverters. SRAM and DRAM Cell Design: Basic Cell Structures, modeling and design Equations. Sense Amplifiers: Necessity for Sense Amplifiers, Voltage and Current Sense Amplifiers, Reference Voltage Generation, Influence of Sense Amplifier on cell Architecture. Peripheral Circuits. Memory Testing: Modeling, Introduction to Functional Testing and Built in Self-Test.   

          16.   EC-562 Design of Asynchronus Sequential Circuits :

 Cr. 4: (3-1-0)
Introduction: Summary of synchronous techniques - disadvantages in today's technology. Advantages of asynchrononous techniques - low power, performance, modularity. Historic difficulties with asynchronous design. Flow Table Reduction, The state-assignment Problem, Delays, Hazards, and Analysis, Feedback, other Modes of operation, Counters.
Circuit Classification: Bounded Delay, speed independent, and delay independent. Data models (single-rail, dual-rail). Handshaking protocols (2 phase, 4 phase)
 Micropipeline Circuits: Basic building blocks. Pipelines, with and without data processing elements. The design of the Amulet processors.

 NCL Logic: The NULL convention logic approach. Preserving delay insensitivity, threshold gates with hysteresis.
 Formal Aspects of Asynchronous: The Rainbow approach. Green descriptions of micro-pipelines. Overview of formal basis to asynchronous descriptions
 
 Ref :

Asynchronous sequential circuits by Stephen H. Unger, John Wiley & Sons

          Switching and Finite Automota Theory. Kohavi, Tata McGraw Hill

          17.    EC-564  FPGAs based design:




Cr. 4: (3-0-2)

Introduction to FPGA Architectures.

FPGA design flow, partitioning, placement and routing algorithms.

Technology mapping for FPGAs, case studies.

Ref:

4. Brown, S. D., Francis, R. J., Rose, J. and Vranesic, Z G. Field programmable Gate arrays. Kluwer, 1992.

5. Betz, V., Rose, J. and Marquardt, A. Architecture and CAD for Deep-submicron FPGAs. Kluwer, 1999.

6. Trimberger, S. M. FPGA Technology. Kluwer, 1992.

            4. Oldfield, J. V. and Dorf, R. C. FPGAs: Reconfigurable logic for rapid prototyping and implementation of digital systems. John Wiley, 1995

          18.
EC-510  Digital Signal & Image Processing  

Cr. 4: (3-0-2)
Discrete and Fast Fourier Transform: Introduction. Properties of DFT & DFS. Sampling the Z-transform. Linear convolution using the DFT. Goertzel Algorithm. Decimation in time & frequency FFT Algorithms.

Representation of Digital Filters: Introduction. Signal flow graph representation of digital networks. Matrix representation of digital networks. Basic structure for IIR & FIR systems. Tellegens theorem and its applications.

CAD of Filters, DSP Architectures (Analog Devices & Texas Instruments)

Image Processing: Acquiring of Images using Video Camera. Digital Representation of Binary & Gray Scale Images, Linear operations on pictures. Two dimensional Discrete Fourier transform and Hadamard transforms & their applications to image processing. Sampling of pictures using an Array of points, Aliasing problem & its solution. Image Enhancement Techniques:- Gray scale modification Gray level correction, Gray scale transformation, Histogram  modification, sharpening of Images using differentiation, the laplaciam, High Emphasis filtering, sobel & kirsch operators. Smoothening:- Noise Removal, Averagins, Median, Min/Max. Filtering

Image Segmentation & Thresholding:- Thresholding, Multiband Thresholding, Thresholding from Textures, Selective histogram Technique, Boundry Lines & Contours. Image Compression:- Compression Techniques using K-L Transform, Block Truncation Compression. Error free Comprerssion using Huffman coding & Huffman shift coding.

Reference:

Signals and Systems- Oppenheim A.V., Willsky A.S. and Young I.J. PHE.

Digital Signal Processing- Oppenheim A.V. & Schafer R.W. PHI.

Digital Signal Processing- by LYONS, (Pearson Education)

Digital Signal Processing-by Mitra- (TATA McGraw Hill) Publications.

Digital Image Processing- by Gonzalez / Woods, (Pearson Education)

Digital Image Processing- by A.K. Jain 

Digital Picture Processing- by Rosenfield & Kak 

          19 EC-518  Micro Electro Mechanical System (Mems) 

Cr. 4: (3-1-0)
Micro Electro Mechanical System (MEMS) Origins. MEMS Impetus / Motivation.

Material for MEMS. The toolbox: Processes for Micro machining.

MEMS Fabrication Technologies. Fundamental MEMS Device Physics: Actuation. Fundamental MEMS Devices: The Cantilever Beam. Microwave MEMS Applications: MEM Switch Design Considerations. The Micromachined Transmission Line. MEMS-Based Microwave Circuit and System.

Ref:

Microelectromechanical (MEM) Microwave Systems by Hector J.De Los Santos, Artechhouse

An Introduction to Microelectromechanical System by Nadim Maluf, Artechhouse

DEPARTMENT OF MECHANICAL ENGINEERING
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	COURSE TITLE
	Subject area
	CREDIT
	L
	T
	P
	Theory
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	1.
	MA501
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	PG-11
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	3
	1
	0
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	---
	20
	---
	20
	60
	---

	2
	ME551
	Design of Thermal Systems
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	20
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	4
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	1
	0
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	20
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	20
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	1.
	IC502
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	2
	1
	2
	3
	---
	20
	20
	20
	40
	---

	2.
	
	Institute core (optional)
	PG-13
	2
	1
	2
	-
	2
	---
	25
	---
	25
	50
	---

	3.
	
	Minor Elective
	PG-16
	4
	3
	1
	0
	3
	---
	20
	---
	20
	60
	---

	4.
	
	Major Elective-IV
	PG-15
	4
	3
	1
	0
	3
	---
	20
	---
	20
	60
	---

	5.
	
	Major Elective-V
	PG-15
	4
	3
	1
	0
	3
	---
	20
	---
	20
	60
	---

	6.
	
	Major Elective-VI
	PG-15
	4
	3
	1
	0
	3
	---
	25
	---
	25
	50
	---

	
	Sub Total
	22
	

	2nd YEAR                                                  III SEMESTER (AUTUMN)

	1.
	ME 651
	Project- minor
	PG-18
	4
	1
	---
	---
	---
	---
	60
	---
	---
	---
	40

	2.
	ME 652
	Seminar
	PG-19
	4
	1
	---
	---
	---
	---
	60
	---
	---
	---
	40

	3.
	ME 653
	Dissertation
	PG-20
	16
	2
	---
	---
	---
	---
	---
	---
	---
	---
	---

	
	Sub Total
	24
	

	                                                                     IV SEMESTER (SPRING)

	1.
	
	Interdepartmental course
	PG-17
	4
	3
	1
	0
	3
	--
	20
	--
	20
	60
	--

	2.
	ME 653
	Dissertation (contd. From III Semester)
	PG-20
	20
	4
	---
	---
	---
	---
	---
	---
	---
	---
	100

	
	Sub Total
	24
	

	                             Total
	94
	


List of Major Electives

	S.No
	Subject Code
	COURSE TITLE

	1.
	ME 561
	Refrigeration and air-conditioning system design 

	2.
	ME 562
	Advanced Refrigeration

	3
	ME 563
	Modeling and Planning of Energy Systems

	4
	ME 564
	Alternative Fuels in I.C. Engines  

	5.
	ME 565
	Design of Combustion systems

	6.
	ME 566
	Wind Energy Utilization

	7.
	ME 567
	Pollution Control Technologies

	8.
	ME 568
	Solar Thermal Engineering

	9.
	ME 569
	Energy Management

	10.
	ME 570
	Advanced Heat Transfer

	11.
	ME 571
	Direct Energy Conversion

	12.
	ME 572
	Computational Fluid Mechanics & Heat Transfer

	13.
	ME 573
	Energy conservation technologies

	
	
	


Minor Electives

	1.
	ME 515
	Materials Management

	2.
	ME 519
	Product Design & Development

	3.
	ME 517
	Quality system engineering


ME-551   Design of Thermal Systems (PG-14)   

Mathematical Modeling of thermal Systems: Development of equations based on number-processing operation and physical laws for simulation and optimization of thermal systems. The art of equation fitting to performance data; Development of performance equations for heat exchangers, distillation separators and turbo machinery.

 Simulation of thermal Systems: Uses of system simulation, classes of simulation; Information-flow diagrams; sequential and simultaneous calculations; simulation of continuous, deterministic steady-state systems, e.g. gas turbine system; simulation of dynamic behavior of thermal systems.

Optimization of Thermal Systems: Optimization criteria; use of Lagrange Multipliers, search methods, dynamic programming and geometric programming for optimum design of thermal systems.

Books: 

W.F. Stocker; “Design of thermal Systems”, McGraw Hill International, 1989.

B.K. Hodge, “Analysis and Design of Energy Systems”, Prentice-Hall Inc., 1990.

ME561 Refrigeration and Air Conditioning System Design(PG-15)

Load Calculations: Solar heat gains through structures; review of refrigeration and air-conditioning load calculations.

Performance characteristics and capacity control of reciprocating; rotary and centrifugal compressors; screw compressors; hermetically sealed units; analysis of centrifugal compressors.

Water-cooled and air-cooled condensers; overall heat transfer coefficients; fouling factor; performance characteristics and design; performance and heat transfer processes in evaporative condenser.

Flooded and dry expansion type evaporators; liquid chiller; overall performance of evaporators.

Capillary tubes; system design factors; pressure and temperature distribution; ASHRAE simplified calculation procedure.

Expansion valves; operation and performance calculation of thermostatic expansion valve; application of constant pressure expansion valve.

Condensing Unit-Evaporeators: Elements of steam; water and warm-air heating; radiators and convectors.

Piping And Ducts: Pressure drops in piping and fittings; design of water and refrigerant piping; review of duct design methods; static regain method.

Applications And System Design: Ice manufacture; food preservation and transportation; freeze drying; air-conditioning of auditotiums and restaurants; central air-conditioning systems.

Complete design of a refrigeration of an air-conditioning system.

Books:

1. Refrigeration and Air-conditioning 
Stoecker


McGraw Hill

2. Air-conditioning Design Handbook
Carrier Corpn. (Ed.)

McGraw Hill

3. ASHRAE Handbooks


----



ASHRAE

4. Environmental Engg. Analysis & Practice
Jennings


International

5. Climatological and Solar Data for India
CBRI



Sarita Prakashan

ME562  ADVANCED RERIGERATION (PG-15)
Refrigeration Systems: Vapor compression; multiple evaporator and compound compression system with and without inter-cooling; dual compressors; cascade systems; vapor absorption system-analysis.

Solid carbon dioxide; principles of production; three stage system with water and flash inter-cooler; pressure snow chambers; regenerative liquid precooler; binary system.

Cryogenics: Engineering applications; properties of substances at cryogenic temperature; ortho-para conversion of hydrogen; properties of helium; Lambda point; super fluidity.

Liquefaction of gases; minimum work cycle; Linde and Claude method; use of precooling; liquefaction of hydrogen and neon liquefaction of helium; separation of gases from air.

Insulation, storage and transport of cryogenic fluids; magnetic and nuclear cooling.

Pressure Drop And Heat Transfer: Two phase flow; flow regimes; maps pressure drop in evaporator and condensers; Martinlli approach.

Heat transfer, boiling in flooded evaporators; forced connection evaporation in tubes; inside and outside condensation for vertical and horizontal tubes.

Books: 

1. Mechanical Refrigeration



Sparks & Dillio
McGraw Hill

2. Cryogenic Systems




Barron


McGraw Hill

3. ASHRAE Handbook (Fundamentals)

----


ASHRAE

4. Thermal Environmental Engineering

Threlkeld

Prentice Hall

5. Convective Boiling and Condensation

Collier


McGraw Hill

ME 563 MODELING AND PLANNING OF ENERGY SYSTEMS (PG-15)

Introduction: Energy policy analysis; need for energy modeling; classification of energy models; types of computer based tools for energy planning; national and rural energy planning; sect oral energy planning.

Input-Output Models: Types and Characteristics of I-O models; use of I-O models; I-O transaction tables; method of estimation and sources of data; mathematical expression on the methodology of construction of I-O tables; case studies.

Econometric Models: Statistical estimation techniques; time series; regression analysis; advantages and limitations of econometric models; elastic ties of energy demand; case studies.

Optimization Models: Linear and non-linear optimization models; advantage and limitation of optimization models; case studies of linear optimization models for national and rural energy planning.

Process Analysis Models: End-use models; process analysis models for industrial, domestic and transport energy conservation; advantage and limitations of process analysis models; case studies.

System Dynamic and Other Simulation Models: Concept of closed system; causal loop diagram; flow diagram and system equations; dynamic behavior of energy systems; advantages and limitations of simulation models; case studies. 

Books / References:

Richard de Nenfville, “ Applied Systems Analysis” Mc Graw Hill International Eds. 1990.

J.P. Weyant & T. A. Kuczmowski “Engineering- Economy Modeling: Energy Systems” Energy-The International Issue (Special issue an energy modeling), Pergaman Press. Vol. 15, No. ¾ PP 145-715, 1990.

J. W. Forrester, “ Principle of Systems” MIT Press, 1982.

Rene Codoni, Hi- Chun Park, K.V. Ramani, “ Integrated Energy Planning: A Manual” Volume on policy planning, Asian & Pacific Development Center, Kuala Lumpur 1985. 

ME 564 ALTERNATIVE FUELS IN I.C. ENGINES (PG-15)

Introduction: Need of alternative gaseous fuels, future automotive gaseous fuels, hydrogen, CNG, LNG, and Producer gas, biogas, LPG. Stochiometric air fuel ratio, Physical properties of different gaseous fuels, mode of engine operations, spark ignition and dual fuel mode, multi fuel mode, combustion and performance of engines, specific problems, safety and environmental aspects, economic aspects, production.

Use of alcohol in four stroke spark ignition engines and diesel engines, use of alcohol in two stroke engines, use of bio diesels, combustion and performance of engines, stochiometric air fuel ratio, specific problems, safety and environmental aspects, economic aspects, production.

Impacts: Impact of alternative fuels on engine test and test procedures, guidelines for emission measurements, emission norms for engines using alternative fuels.

Legal Aspects: Legal aspects of blending alternative fuels into conventional liquid fuels, properties of blends, comparison of neat versus blended fuels, fuel testing.

Computer simulation: Computer simulation of engines using alternative fuels.

References 

Future automotive fuels, Edited by Joseph M. Colucci and Nicoles  C. Gallopoulos, Plenum press, New York

Dual fuel engines, edited by R.L.Evans, Plenum Press, 1987

SAE hand book, volume III, Engines, fuels, lubricants, emissions and noise

Automotive fuels and fuel systems, volume II, T.K.Garrett, Pantech Press, London

Gaseous fuels for transportation I, proceedings of the conference held at Vancouver, british Columbia, Canada, 1987 

Pandel U, Poonia M.P.; Energy Technologies for Sustainable Development,.,Prime Publishing House Gajiabad, 2003.

ME 565 DESIGN OF COMBUSTION SYSTEMS (PG-15)

Types Of Fuels: Composition-physical, chemical and thermodynamic properties. Proportion of reactants and cooled products: Individual hydro carbons – volumetric fuel blends gravimetric fuel and mixture calculation from product analysis-physical characteristics of mixtures and products.

Proportions Of Hot Products: Kinetic equilibrium – equilibrium product composition in hydrocarbon combustion – Fuel rich mixture dissociation – general mixture dissociation.

Combustion Energies: Standard energy of formation-standard energy of reaction calorific value-maximum useful work.

Combustion Temperatures: Sensible energy – determination of maximum temperature in steady flow – Influence of fuel type and operating parameters.

Combustion Efficiencies: Work transfer applications in now-flow – heat transfer applications in steady flow- work transfer applications in steady flow.

Combustion Control Systems: Controlling fuel flow- controlling air flow- As pollution control flow.

Design Of Burners: Gas and oil burners- operations characteristics – calculation of gas flow rate; pressure drop efficiency.

Design of furnaces and chimneys, steam generating devices – stokers, fluidized bed combustion – types – performance analysis.

BOOKS:

Samir Sarkar, Fuels and Combustion, Orient Longman, 1990.

E.M. Goodger, Combustion Calculations, The Macmillan Press Ltd.,1977.

Francis G. Shinskey, Energy  Conservation through Control, Academic press, 1978.

ME 566 WIND ENERGY UTILISATION (PG-15) 

Wind Characteristics: Sources of wind, wind hazards, sitting in flat terrain, sitting in non-flat terrain, ecological indicators of site suitability, site analysis methodology.

Wind Energy System: Energy from the wind, work-energy and power, different types of rotors, over speed control, electric power generation and storage. Water pumping systems – major components – lift – transport – storage sitting and sizing.

Applied Aerodynamics: Role of aerodynamics in wind power – cross wind axis machines – wind axis machines – general momentum theory – vortex strip theory, forces and moments due to vertical wind gradient.

Towers And Systems Installation: Specific types of tower, Tower height, Tower and systems raising, wiring, lightning protection, Installation, maintenance of other equipments.

Energy Conversion And Storage: Synchronous inverters, dc/ac inverters, battery storage, battery characteristics, battery system installation, other types of storage systems.

Wind Energy Conversion Systems: Specifications and characteristics of commercial water-pumping wind mills, electricity producing wind energy. Conversion systems, selection of systems-case study. Environmental aspects.

Applications: Potential application of wind energy conversion systems, residential applications, wind power use in agriculture.

TEXT BOOK:

V. Daniel Hunt, Wind Power, Van Nostrand Reinhold Company, 1981.

Wind Energy Basics: A Guide to Small and Micro Wind Systems;  Paul Gipe, Chelsea Green Pub Co; April 1999.
REFERENCES:

Recent Advances in Wind Engineering, New Age International Publishers Ltd., 1994.

ME 567 POLLUTION CONTROL TECHNOLOGIES (PG-15)

Introduction: Introduction to air pollution, classification of pollutants, their effects, impact of environment on human.

 Air Pollution Sources: Mobile and stationary sources, types of plume dispersion mechanisms, air quality measurement concepts.

Control devices for particulate contaminants: gravitational settlement, centrifugal and wet collectors, fabric filters, cyclon separators, electrostatic precipitators

Control devices for gaseous contaminants from stationary sources: adsorption, adsorption, condensation, combustion based pollution control systems. 

Automotive Emission control: Types and construction of catalytic converters, emission control through operating parameters and engine design, alternative fuels for emission reduction.

Laws and regulations: National and international standards for mobile and stationary sources of air pollution.

Text book:

Howard S. Peavy, Donald Rowe; Environmental Engineering; Tata Mc-Graw Hill, 1989. 

ME 568 SOLAR THERMAL ENGINEERING (PG-15)

Solar Radiation: Solar Radiation, instruments for measuring solar radiation, solar radiation geometry, empirical equations, solar radiation on tilted surfaces.

Liquid Flat Plate Collectors: Basic elements, performance analysis, transmissivity - absorptivity, heat transfer coefficients and correlations, collector efficiency and heat removal factors, effects of various parameters, types of other liquid flat-plate collectors, transient analysis.

Solar Air Heaters: Type of air heaters, performance analysis of a conventional air heater, other types of air heater, Testing procedures.

Concentrating Collectors: Type of concentrating collectors and their general characteristics, geometry, heat transfer correlations, tracking requirements performance analysis. 

Thermal Energy Storage: Basic methods, Sensible heat storage – liquids- solids-analysis, latent heat storage, thermo chemical storage.

Solar Pond: Basic concept and working, description, performance analysis, transmissivity, temperature distribution and collection efficiency, experimental studies and other aspects.

Solar Refrigeration: Adsorption and  absorption based solar refrigeration technologies

References:

Krith F. and Krelder J.F., Principles of Solar Engineering, McGraw hill book company, 1978.
John A, Duffie, William A. Beckman ; Solar Engineering of thermal processes, , John Wiley and Sons, 1991.
Garg  H.P. and Prakash J., Solar energy fundamentals and application, TATA McGraw Hill Publishing company limited, New Delhi, 2000.
Sukhatme S.P., Solar Energy Principle of thermal collection and storage, TATA McGraw Hill Publishing company limited, New Delhi, 1996.
ME 569 ENERGY MANAGEMENT (PG-15)

Introduction to Energy Management: Aims and approaches of auditing, types of energy audit, energy indices in residential, commercial and industrial sector, data collection.

Energy in Manufacturing: Energy and environmental analysis of products, energy consumption in manufacturing, laws of energy and materials flow.

Energy in Residential Sector: Supply of energy for rural and urban housing, fuel substitution, efficiency improvement of domestic appliances.
Instrumentation for Energy Management: Measurement of heat flux, radiation, psychometric variables, fluid flow & velocities, data analysis. 

Life Cycle Analysis: LCA of energy systems, concept of life cycle costing and its use.

Demand Side Management: Principles of DSM, rules and tools of DSM, fundamentals of demand response, DSM tools and practices.

Text books:

C.B. Smith, Energy Management Principles, Pergamon Press, New York, 1981.

Hamies, Energy Auditing and Conservation: Methods, Measurements, Management & case study, hemishpere, Washington, 1980.

Diamant R.M.,Total Energy, Pergamon Press, Oxford, 1970.

ME-570: ADVANCED HEAT TRANSFER (PG-15)

Review: Review of the basic laws of conduction, radiation and convection.

Conduction: One dimensional steady state conduction with variables thermal conductivity and with internal distributed heat sources; local heat source in non-adiabatic plate; thermo-couple condition error.

Extended surfaces-review; optimum fin of rectangular profile; straight fins of triangular and fin of rectangular profile; spines; design considerations. Two dimensional steady state conduction; semi-infinite and finite flat plates; temperature field in finite cylinders and infinite semi-cylinders; spherical shells; graphical method; relaxation technique. Unsteady state conduction; sudden changes in the surface temperatures of infinite plates, cylinders and spheres; solutions using Groeber’s and Heisler’s charts for plates, cylinders and spheres suddenly immersed in fluids.

Radiation: Review of radiation principles; diffuse surfaces and the Lambert’s cosine law. Radiation through non-absorbing media; Hottel’s method of successive reflections; Gebhart’s unified method; Poljak’s method.

Radiation through absorbing media; logarithmic decrement of radiation; apparent absorptivity of simple shaped gas bodies; net heat exchange between surface separated by absorbing medium; radiator of luminous gas flames.

Covection: Heat transfer in laminar flow; free convection between parallel plates; forced internal flow through circular tubes; fully developed flow; velocity and thermal entry lengths; solutions with constant wall temperature and with constant heat flux; forced external flow a flat plate; the two dimensional velocity and temperature boundary layer equations; Karman Pohhousen approximate integral method. Heat transfer in turbulent flow; eddy heat diffusivity; Reynol’d analogy between skin friction and heat transfer; Prandtl-Taylor, von Karman and Martineli’s analogies; turbulent flow through circular tubes.

Books:

1. Analysis of Heat and Mass Transfer
Eckert and Drakes

McGraw Hill

2. Fundamental of Heat Transfer

Grober, Erk and Grigull
McGraw Hill

3. Conduction Heat Transfer


Schneider


Addison Wesley

4. Thermal Radiation



Siegel and Howell

McGraw Hill

5. Heat, Mass and Momentum Transfer
Rohsenow and Choi

Prentice Hall

ME 571 DIRECT ENERGY CONVERSION (PG-15)
Fuel Cells: Thermodynamics of fuel cells; free energy change and cell potentials; effects of temperature and pressure on cell potential; energy conversion efficiency; factors affecting conversion efficiency; polarization losses; important types of fuel cells (hydrogen-oxygen, organic compounds-oxygen, carbon or carbon monoxide-air, nitrogen compounds-air); electrode types; electrolytes for fuel cells; applications.

Thermo-Electric Sysems: Thermo-electric phenomena; Thomson, Peltier and Seeback effects; Kelvin’s relations; basic thermo-electric engine materials; typical layout of engines; design of thermo-electric generators; thermo-electric cooling.

Thermionic Systems: Thermionic emission; work function and energy distribution of electrons in metals; Richardson-Dushman equation; types of thermionic energy converters and their performance.

Photovoltic Systems: Photovoltaic effects; photo energy; general theory of junction-type cells; solar cells; operating characteristics of photovoltaic cells; conversion efficiency.

Magnetohydrodynamic Systems: Conversion process; ionization process; gaseous conduction and Hall effect; formulation of M.H.D. performance; analysis of constant area and verifying area M.H.D. engines.

Books:

1. Energy Conversion



Chang



Prentice Hall

2. Direct Energy Conversion


Soo



Prentice Hall

3. Direct Conversion of Heat to Electricy
Kay & Welsh (Eds.)

Wiley

4. Fuel Cells




Bockris & Srinivasan

McGraw Hill

5. Magnetohydrodynamics


Kulikovsky & Lyubimov
Addison

ME 572 COMPUTATIONAL FLUID MECHANICS AND HEAT TRANSFER  (PG-15)

Finite Difference Mwthod: Forward, backward, and central difference scheme- explicit and implicit methods. Errors, consistency, stability analysis, upwind schemes.

Incompressible Flow: Finite differences, MAC and SIMPLE algorithms, stream function, velocity potential function and vorticity formulation.

Inviscid Flow: Basic governing equation and different solution algorithms for compressible flow with calculations of lift and drag.

Conduction Heat Transfer: Steady and unsteady state, boundary condition, Rang-Kutta method, finite difference method, iterative and direct methods.

Convective Heat Transfer: Governing equations, solutions for natural and forced convection, modeling of convection problems.

Radiative Heat Transfer: Basic concepts, radiosity method, Monte – Carlo method, phase change problems.

TEXT BOOKS:

Yogesh Jaluria and Kenneth E. Torrance, Computational Heat Transfer, Hemisphere Publishing Corporation, 1986.

K. Muralidhar & T. Sundararajan, Computational Fluid Flow and Heat Transfer, Narosa Publication, 1995.

S.V. Patankar, Numerical Heat Transfer And Fluid Flow, Hemishere Publication Company New York 1980.

ME 573 ENERGY CONSERVATION TEECHNOLOGIES (PG-15)

Radiant Heating Equipment: Panel of heaters - steam - water, electrical radiant heaters, tubular radiant heaters, reflectors, heat transfer, comfort conditions, reduction of heat loss, installation.

Prime Movers And Generators: Energy conversion and efficiency, steam turbines, gas turbines, diesel and gas engines, electrical motors and DG-sets. Selection, factors affecting performance, load matching, PF improvement, maintenance practice.

Heat Pumps: General principles, appropriate conditions for using heat pumps, theoretical and practical COP, refrigerants, absorption heat pump, applications of heat pumps; gas driven heat pumps.

Heat Recuperators: Basic concepts, liquid/liquid heat exchangers, liquid/gas and gas/liquid heat exchangers, gas/gas exchangers, heat transfer calculations and area determination.

Heat Regenerators:  Thermal wheel - basic principle- construction - flue gas as energy source - preheating combustion air - installation, regenerative heat recovery, double-effect operation and coupling of columns.

Heat Pipes: Basic concepts, design of heat pipes - heat transfer rate - thermodynamic efficiency - influencing factors- wick design - heat recovery from exhaust air, classification of heat pipes, practical applications.

Heating Ventilation And Air Conditioning: Comfortable environment, effective temperature, heating and cooling systems, reheat systems, variable air volume, dual duct system, air water system, design considerations. 

Cogeneration: Application for cogeneration, types of cogeneraiton processes- topping cycle plant- bottoming cycle plant. Choice of configuration, effect of legislation-case studies. 

TEXT BOOK:

1.
R.M.E. Diamant, Energy Conservation Equipment, The Architectural Press, 1984.

REFERENCES:

1.
S. David Hu, Hand Book of Industrial Energy Conservation; Van Nostrand,Reinhold Pub., 1983.

2.
S.C. Tripathy, Electrical Energy Utilization and Conservation, Tata McGraw Hill, 1986.

ME 515: MATERIALS MANAGEMENT

Forecasting Techniques including Box Jenkins.  Material Requirements, Explosion and Levels.  Classification and Inventory Analysis.  Codification, Standardization and Variety Reduction Make or Buy Decision, Inventory Control techniques.  Inventory Systems, Material Requirements Planning, Phasing.  Materials Function including Budgeting, Purchasing and Vendor Development.  Spare parts Management.  Store and materials Accounting.  Import export policies, legal aspects purchasing.  Evaluation of Material Managements Performance.

Books Recommended:

Ammer Dean, Materials Management, Illions.

Baily, Pert & Farmer, Managing Materials in Industry, Grower Press, London.

ME 518: PRODUCT DESIGN & DEVELOPMENT 

Product definition, New product development concept, product development process, consumer behavior, identifying customer needs.  Establishing product specification, concept generation, concept selection and product architecture.

Industrial design, design for manufacturing prototyping, Economic analysis of new products.

Test marketing and commercialization of new products.

Books Recommended

Chitle A. K and Gupta R.C, Product Design and Manufacturing, PHI

Saunders, M.S.and Mc Cornic E.J., ‘Human Factors in Engineering & Design’, McGraw Hill.

Ulrich K. T and Eppinger S.D, Product Design and Development, Mc Graw Hill

ME 517: QUALITY SYSTEM  ENGINEERING

Fundamental of Quality, Contribution of Quality gurus, Quality Cost.

Statistical process Control & Process capability.  

Acceptance Sampling plans for attribute and variable.

Taguchi Quality loss function and concept of robust design.

Concept of six sigma, FMEA, QFD, Poka Yoke.

ISO 9000 series of standard, QS 9000, TQM, Quality circle.

Bench marking. Product Quality and reliability.

Books recommended:

Grant, E.L.& Leavenworth R.S. Statistical Quality Control, McGraw Hill.

 Juran J.M& Gryna F.M. Quality planning and analysis, McGraw Hill.

 Koru Ishikawa, Guide to Quality Control, Asian Productivity Organization.

Amitava Mitra –Fundamentals of Quality Control & Improvement, Mcmillan Publishing Company.
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