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SpecialPaper-OR: Lab.OR

MTM-495B methodsusingMATLABandLING 25 40 2
O
MTM-406 | DissertationProjectWork 50 60 6
Note:

1. Therewill betwoexaminationsforeachpaper:

(i) Endsemester examinationhaving40marksand

(if) Internal
assessment(lA)examinationhavingl0marks.Marksfroml Awillbeevaluatedbyaveragingtwo
marksobtainedintwol Aexaminations.

2. Heretherearetwospecialpapers:DynamicalOceanologyandMeteorology(MTM-305A, -
306A, -404A, -405A and -495A) and Operations Research(MTM-305B,-306B, -404B, -
405B and -495B). Each student has to takeeitherof thesetwo.

3. CoursesC-MTM-204A,C-MTM-204BandC-MTM-
304areopenelectivepapersforPGstudents otherthanstudentsof AppliedMathematics.




MTM-101 RealAnalysis 50

Complete Metric spaces, compactness, connectedness (with emphasison R"), Heine-
BorelTheorem,Separableandnon-separable metricspaces.

Functionsofboundedvariation,R-S Integral.

Measurablesets.ConceptofLebesguefunction.Innerandoutermeasure.It’ssimpleproperties.Setof
measurezero.Cantor set,Borel setand theirmeasurability, Non-measurablesets.

Measurablefunction:Definitionanditssimpleproperties,Borelmeasurablefunctions,sequence  of
measurable functions, Statement of Lusin’s theorem, Egoroff’s theorem. Simplefunctionsand its
properties.

Lebesgue integral on a measurable set: Definition. Basic simple properties. Lebesgue integralof
a bounded function over a set of finite measure. Simple properties. Integral of non-
negativemeasurablefunctions,GeneralLebesgueintegral.Boundedconvergencetheoremforaseque
nceof Lebesgue integrable function, Fatou’s lemma. Classical Lebesgue dominated
convergencetheorem. Monotone convergence theorem, Relation between Lebesgue integral and
Riemannintegral

References:

W.Rudin,PrinciplesofMathematicalAnalysis,3™ ed.,McGraw-Hill.
W.Rudin,RealandComplex Analysis, InternationalStudentEdition,McGraw-Hill.
T.Apostol, MathematicalAnalysis, 2" ed.,NarosaPublishers.

S.Kumaresan, TopologyofMetricSpaces, 2"%d.,NarosaPublishers.
InderK.Rana,AnintroductiontoMeasureandIntegration(2nded.),NarosaPublishingHouse
,NewDelhi.

P.R.Halmos,MeasureTheory,Graduate TextinMathematics,Springer-Verlag.

7. H.L.Royden,RealAnalysis,3rded.,Macmillan.
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MTM-102 complexAnalysis 50

The definition of an analytic function. Cauchy- Riemann differential equation. Construction
ofanalytic function. Jardan arc. Contour. Rectifiable arcs. Cauchy’s theorem. Cauchy’s
integralformula.Morer’stheorem.Liouville’stheorem.Taylor’sandLaurent’sseries.Maximummo
dulusprinciple.

Residues and Poles:Isolated Singular Points, Residues, Cauchy’s Residue Theorem
,ResidueatInfinity, TheThreeTypesoflsolatedSingularPoints,ResiduesatPoles,ZerosofAnalytic
Functions, ZerosandPoles,BehaviorofFunctionsNearlsolatedSingular.

Application of Residues: Evaluation of Improper Integrals, Improper Integrals from
FourierAnalysis, Jordan’s Lemma, Indented Paths, An Indentation Around a Branch Point,
IntegrationAlong a Branch Cut, Definite Integrals Involving Sines and Cosines, Argument
Principle,Rouch’e’sTheorem,Inverse LaplaceTransforms.

MappingbyElementaryFunctions: LinearTransformations,Mappingsby1/z,LinearFractionalTra
nsformations,AnlmplicitForm, Mappingsof the UpperHalfPlane,The Transformationw= sin z,
Mappings by 2z, and Branches of zi/2, Square Roots of Polynomials, Riemann
SurfacesConformalMapping:PreservationofAngles,ScaleFactors,Locallnverses,HarmonicConju
gates, TransformationsofHarmonicFunctions, TransformationsofBoundaryConditions, The
Schwarz-Christoffel Transformation: Mapping the Real Axis Onto a Polygon, Schwarz—
Christoffel Transformation, Trianglesand Rectangles, DegeneratePolygons.

References:
1. ComplexVariableandApplications,J.W.BrownandR.V.Churchill,8thEdition,GcGrawHill

2. FoundationsofComplex Analysis,S.Ponnusamy,Narosa,1995.




MTM-103 OrdinaryDifferentialEquationsandSpecialFunctions 50

Differentialequation:Homogeneouslineardifferentialequations,Fundamentalsystemofintegrals,Sin
gularityofalineardifferentialequation,Solutionintheneighbourhoodofasingularity, Regular
integral, Equation of Fuchsian type, Series solution by Frobenius
method.Hypergeometricequation.Hypergeometricfunctions,Seriessolutionnearzero,oneandinfinity
,Integralformulaforthehypergeometricfunction,Differentiationofhypergeometricfunction, Theconfl
uenthypergeometricfunction,Integralrepresentationofconfluenthypergeometricfunction.

Legendre equation: Legendre functions, Generating function, Legendre functions of first
kindand second kind, Laplace integral, Orthogonal properties of Legendre polynomials,
Rodrigue’sformula,Schlaefli’s integral.

Bessel equation: Bessel function, Series solution of Bessel equation, Generating
function,IntegralsrepresentationsofBessel’sfunctions,Hankelfunctions,Recurrencerelations,Asy
mptoticexpansion of Bessel functions.

Green’sFunction:Green’sFunctionanditsproperties,Green’sfunctionforordinarydifferentialequa
tions,Application to BoundaryValue Problems.

EigenValueProblem:OrdinarydifferentialequationsoftheStrum-
Liouvilletype,PropertiesofStrumLiouvilletype,ApplicationtoBoundary
ValueProblems,EigenvaluesandEigenfunctions,Orthogonalitytheorem, Expansion theorem.

SystemofLinearDifferentialEquations:SystemsofFirstorderequationsandtheMatrixform,Repres
entation of nth order equations as a system, Existence and uniqueness of solutions
ofsystemofequations, Wronskian of vectorfunctions.

References:
1. G.F.Simmons:DifferentialEquations, TMHEdition,NewDelhi,1974.

2. M.S.P.Eastham:TheoryofOrdinaryDifferentialEquations,VanNostrand,L.ondon,1970.
3. S.L.Ross:DifferentialEquations(3rdedition),JohnWiley&Sons,New York,1984.
4

M.Braun:DifferentialEquationsandTheirApplications;AnIntroductiontoAppliedMathem
atics,3™Edition, Springer-Verlag.

5. E.D.RainvilleandP.E.Bedient:ElementaryDifferentialEquations,McGrawHill,NewYork,1
969.

6. K.Maity, Introduction to Differential Equations, Narosa 2017

7. E.A.CoddingtonandN.Levinson:Theoryofordinarydifferentialequations,McGrawHill,
1955.

8. A.C.King,J.Billingham&S.R.Otto:Differentialequations,CambridgeUniversityPress,2006




MTM-104 AdvancedProgramminginCand MATLAB 50

Programming in C: Review of basic concepts of C programming, Arrays, structureand
union, Enum, pointers, pointers and functions, pointers and arrays, array ofpointers,
pointers and structures, strings and string handling functions, Dynamicmemory allocation:
using of malloc(), reallc(), calloc() and free(), file handlingfunctions: use of fopen, fclose,
fputc, fgets, fputs, fscanf, fprintf, fseek, putc,
getc,putw,getw,append,lowlevelprogrammingandCpreprocessor:Directive,#define,MacroSu
bstitution,conditionalcompilation, #if #ifdef #ifndef #else, #endif.

ProgramminginMATLAB: TheMatlabworkspace,datatypes,variables,assignment statements,
arrays, sets, matrices, string, time, date, cell arrays andstructures, introduction to M - file
scripts, input and output functions, conditionalcontrolstatements,loop
controlstatements,break, continueand returnstatements.

References:

1. Kernighan BW,RitchieDM.TheCprogramminglanguage.2006.

2. BalagurusamyE. programminginANSIC. Tata McGraw-Hill Education;2012.

3. ByronGottfriedandJitenderChhabra,ProgrammingwithC(Schaum'sOutlinesSeries),2
017

4. GilatA.MATLAB:an IntroductionwithApplications.NewYork:Wiley; 2008.

5. PalmlIlIwWJ.IntroductiontoMATLABfor Engineers.NewYork:McGraw-Hill;2011.

6. ChapmanSJ.MATLABprogrammingwithapplicationsforengineers.Cengagelearning;
2012.

MTM-105 ClassicalMechanicsandNon-linearDynamics 50

Motion of a system of particles. Constraints. Generalized coordinates. Holonomic and non-
holonomic system. Principle of virtual work. D’Alembart’s Principle. Lagrange’s
equations.Plane pendulum and spherical pendulum. Cyclic co-ordinates.Coriolis force.
Motion relativeto rotatingearth.

Principle of stationary action. Hamilton’s principle. Deduction of Lagrange from
Hamilton’sprinciple.Brachitochroneproblem.Lagrange’sequationsfromHamilton’sprinciple.|
nvariancetransformations.Conservationlaws. Infinitesimaltransformations.Space-
timetransformations.

Hamiltonian. Hamilton’s equations. Poisson bracket. Canonical transformations.
Liouville’stheorem.

Small oscillation about equilibrium. Lagrange’s method. Normal co-ordinates.
Oscillationsunder constraint. Stationary character of a normal mode. Small oscillation about
the state ofsteadymotion.Normalcoordinates

Orientation and displacement of a rigid body. Eulerian angles. Principal axis
transformation.Eulerequations of motion.Motion of afreebodyabout a fixed point.

Special theory of relativity in Classical Mechanics:-Postulates of special relativity.
Lorentztransformation.ConsequencesofLorentztransformation.Forceandenergyequationsinr
elativisticmechanics.




Nonlinear Dynamics: Linear systems. Phase portraits: qualitative behavior.Linearization at
afixed point. Fixed points. Stability aspects. Lyapunov functions (stability theorem).
Typicalexamples.Limitcycles.Poincare-
Bendixsontheory.Bifurcations.Differenttypesofbifurcations.

References:

arwNE

0.
1.

H.Goldstein,ClassicalMechanics,Addison-Wesley,Cambridge,1950.
A.S.Gupta,CalculusofVariationswithApplications,Prentice-HallofIndia,NewDelhi,2005.
B.D.GuptaandS.Prakash,ClassicalMechanics,KedarNathRamNath,Meerut,1985.
T.W.B.Kibble,ClassicalMechinics,OrientLongman,London,1985.
N.C.RanaandP.S.Joag,ClassicalMechanics, TataMcGraw-
HillPublishingCompanyLimited,NewDelhi, 2004.

K.Maity Introduction to Differential Equation Narosa 2017
A.K.Raychaudhuri,ClassicalMechanics-
ACourseofLectures,OxfordUniversityPress,Calcutta, 1983.

M.R.Spiegel, TheoreticalMechanics,SchaumSeries,NewYork,1967.
K.R.Symon,Mechanics,Addison-WesleyPubl.Co.,Inc.,Massachusetts,1971.

R. G. TakwaleandS.Puranik, IntroductiontoClassicalMechnaics, TataMcGraw-
HillPubl.Co. Ltd., New Delhi, 1980.

12. Bodies,DoverPubl., Inc.,NewYork,1944.




Problem:20marks;Lab. NoteBookandViva-Voce:5.

Workingwithmatrix: Generatingmatrix,Concatenation,Deletingrowsandcolumns.Symmet
ric matrix, matrix multiplication, Test the matrix for singularity, magic matrix.
Matrixanalysis using function: norm, normest, rank, det, trace, null, orth ,rref, subspace,
inv, expm,logm,sqrtm,funm.

Array:Addition,Subtraction,Element-by-elementmultiplication,Element-by-
elementdivision,Element-by-element  left  division, Element-by-element  power.
Multidimensional Arrays, CellArrays,Characters and Text in array,

GraphPlotting:PlottingProcess,CreatingaGraph,GraphComponents,FigureTools,Arrang
ing Graphs Within a Figure, Choosing a Type of Graph to Plot, Editing Plots,
PlottingTwo Variables with Plotting Tools, Changing the Appearance of Lines and
Markers, AddingMore Data to the Graph, Changing the Type of Graph, Modifying the
Graph Data Source,AnnotatingGraphs forPresentation, ExportingtheGraph.

Using Basic Plotting Functions: Creating a Plot, Plotting Multiple Data Sets in One
Graph,Specifying Line Stylesand Colors, Plotting Lines and Markers, Graphing
Imaginary
andComplexData,AddingPlotstoanExistingGraph,FigureWindows, DisplayingMultiplePlI
otsinOneFigure,Controllingthe Axes, AddingAxisLabels and Titles,SavingFigures.

Programming:ConditionalControl-if,else,switch,LoopControl-
for,while,continue,break,ErrorControl - try, catch, Program Termination—return.
ScriptsandFunctions:Scripts,Functions, TypesofFunctions,GlobalVariables,PassingString
ArgumentstoFunctions, TheevalFunction,FunctionHandles,FunctionFunctions,Vectorizat
ion,Preallocation.

LinearAlgebra:SystemsofLinearEquations,InversesandDeterminants,Factorizations,Pow
ersand Exponentials, Eigenvalues, SingularValues.

Polynomials:PolynomialfunctionsintheMATLAB®environment,RepresentingPolynomial
s,EvaluatingPolynomials,Roots, Derivatives,Convolution,PartialFractionExpansions,Poly
nomialCurveFitting, CharacteristicPolynomials.

References:
1. GilatA.MATLAB:an IntroductionwithApplications.NewYork:Wiley; 2008.

2. Palm I11WJ.IntroductiontoMATLABforEngineers.NewYork:McGraw-Hill;2011.

3. ChapmanSJ.MATLABprogrammingwithapplicationsforengineers.CengagelLearn
ing;2012.

4. LopezC.MATLABprogrammingfornumericalanalysis.Apress;2014.
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MTM-201 FluidMechanics 50

Viscous Flow:RealandldealFluids: TypesoffluidFlow(Real/ldealFluidFlow,
Compressible/Incompressible flow, Newtonian/Non-Newtonian fluids,
Rotational/irrotationalflows, Steady/Unsteady Flow, Uniform/Non uniform Flow, One, Two or
three DimensionalFlow, Laminaror TurbulentFlow), Preliminaries for the derivation of
governing  equation(Coordinate  systems:  Lagrangian description and Eulerian
description)Models of the flow(Finite Control Volume andlInfinitesimal Fluid
Element),Substantial Derivative, Source ofForces)

DerivationofGoverningEquations:DerivationofContinuityEquation,DerivationofMomentum
Equation, Special case (Incompressible Newtonian Fluid), Physical interpretationofeach term,
Derivation ofEnergyEquation, BoundaryConditions.

Boundary Layer Theory: Prandtl’s Concept of Boundary Layer, Boundary Layer Flow along
aFlat Plate, Governing Equations, Boundary Conditions, Exact Solution of the Boundary-
LayerEquationsforPlaneFlows (SimilaritySolution, Vorticity, Stress).

Exact/AnalyticalSolutionofNavier-StokesEquation:Reynoldsnumber,Non-
dimensionalization,ImportanceofReynoldsnumbertoNavier-
StokesEquation,ExactSolutionofNavier-StokesEquation(Couette-
Poisseuilleflow,FlowofaViscousFluidwithFreeSurfaceonaninclined Plate)

Incompressible Viscous Flows via Finite Difference Methods: Variable arrangement (Cellcenter
| Colocated arrangement orStaggered Gird), One-Dimensional Computations by
FiniteDifferenceMethods,Spacediscretisation(SimpleandgeneralmethodsbasedonTaylor’sseriesfo
r first, second, and fourth order accuracy, and hence Accuracy of the Discretisation
Process), Time discretization(Explicit Algorithm, Implicit Algorithm, and Semi-implicit
Algorithm),Solutionof Couette flow usingFTCSand Crank-Nicolson methods.

References:
1. ComputationalFluidDynamics(TheBasicswithApplications),JohnD.AndersonJr.,McGraw
-HillSeries inMechanical Engineering
2. AnlntroductiontoFluidDynamics,G.K.Batchelor,CambridgeUniversityPress
3. FluidMechanics (4™ Edition),FrankM.White, WCBMcGraw-Hill
4. BoundaryLayerTheory, HermannSchlichting,McGraw-HillBookCompany

ComputationalFluidDynamics,2™ Ed, T.J. Chung,Cambridge UniversityPress
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MTM-202 NumericalAnalysis 50

Cubicsplineinterpolation.Lagrange’sbivariateinterpolation. Approximationoffunction.Chebyshev
polynomial:Minimaxproperty.Curvefittingby
leastsquaremethod.Useoforthogonalpolynomials.Economization ofpowerseries.
Numericalintegration:Newton-Cotesformulae-opentype.Gaussianquadrature:Gauss-
Legendre,Gauss-Chebyshev.Integration byMonteCarlo method.
Rootsofpolynomialequation:Bairstowmethod.Solutionofasystemofnon-linearequationsby - fixed
point method and  Newton-Raphson  methods.  Convergence and rate of
convergence.Solutionofasystemoflinearequations: Matrixinverse.LUdecompositionmethod.Soluti
onoftri-diagonalsystem ofequations.lll-conditioned linearsystems. Relaxationmethod.
Eigenvalueproblem.Powermethod.Jacobi’smethod.

Solution of ordinary differential equation: Runge-Kutta method to solve a system of
equationsand second order IVP. Predictor-corrector method: Milne’s method. Stability.
Solution ofsecondorder boundaryvalue problem byfinite differenceand finiteelement methods.
Partial differential equation: Finite difference scheme. Parabolic equation: Crank-
Nicolsonmethod.lteration methodtosolve Elliptic and hyperbolicequations.

References:

1. A.GuptaandS.C.Bose, IntroductiontoNumericalAnalysis,AcademicPublishers,Calcutta,
1989.

2. MK. Jain, S.R.K. lyengar and R.K. Jain, Numerical Methods for Scientific
andEngineeringComputation,NewAgelnternational(P)Limited,NewDelhi, 1984.

3. E.V. Krishnamurthy and S.K. Sen, Numerical Algorithms, Affiliated East-West
PressPvt.Ltd., New Delhi, 1986.

4. J.H. Mathews, Numeical Methods for Mathematics, Science, and Engineering, 2™

ed.,Prentice-Hall,Inc., N.J., U.S.A., 1992.

E.A.Volkov,Numerical Methods,MirPublishers, Moscow,1986.

6. M.Pal,Numerical Analysis for Scientists and Engineers: Theory and C
Programs,Narosa,2007.

UL
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https://scholar.google.co.in/scholar?oi=bibs&cluster=18321681891490039106&btnI=1&hl=en
https://scholar.google.co.in/scholar?oi=bibs&cluster=18321681891490039106&btnI=1&hl=en
https://scholar.google.co.in/scholar?oi=bibs&cluster=18321681891490039106&btnI=1&hl=en

MTM-203 Unit-1:AbstractAlgebra 25

Groups: Morphism of groups. Quotient groups. Fundamental theorem on homomorphism
ofgroups.Isomorphismtheorems.Automorphism.Solvablegroups andtheoremson them.
Directproduct.Conjugacy.  Conjugateclasses.Classequation.Theoremsonfinitegroups.Cauchy’s
theorem. Sylow’s theorem. Application of Sylow’s theorem, Simple groups,Permutationgroups,
Cayleytheorem, Groupactions.

Rings and Field: Integral domain. Fields. Skew fields. Quotient rings. Morphism of
rings.ldeals(Primeandmaximal).lsomorphismtheorem.Euclideandomain.Principalidealdomain.U
niquefactorization domain. Polynomial rings.

Field extensions, Finite, algebraic and finitely generated field extensions, Classical ruler
andcompass constructions, Splitting fields and normal extensions, algebraic closures. Finite
fields,Cyclotomicfields, Separable and inseparableextensions.

References:
1. D.S.DummitandR. M.Foote,AbstractAlgebra,2nd Ed.,JohnWiley.

2. J.A.Gallian,ContemporaryAbstractAlgebra,4thEd.,Narosa.
3. M.Artin,Algebra,PrenticeHallofIndia.
4. N.Jacobson,BasicAlgebra,2ndEd.,Hindustan Publishing Co.

Unit-2:LinearAlgebra 25

Review of Linear transformations and matrix representation of Linear transformation,
Linearoperators, Isomorphism, Isomorphism theorems, Invertibility and change of coordinate
matrix, Thedual space, Minimal polynomial,Diagonlization.

CanonicalForms: Triangularcanonicalform,Nilpotenttransformations,Jordancanonicalform, The
rational canonical form.

Inner product spaces, Hermitian, Unitary and Normal transformations, Spectral
theorem.Bilinearforms,SymmetricandSkew-symmetricbilinearforms,Sylvester's lawofinertia.

References:
1. K HoffmanandR.Kunze,LinearAlgebra,PearsonEducation(India),2003.Prentice-

HallofIndia, 1991.

I.N. Herstein, Topics inAlgebra, 2ndEd., JohnWiley&Sons, 2006.

S.Freidberg. Alnsel,and LSpence,LinearAlgebra,FourthEdition,Pearson,2015.
A.RamachandraRaoandP.Bhimasankaram, LinearAlgebra,Hindustan, 2000.

S.Lang, LinearAlgebra,Springer-Verlag,NewYork,1989.
M.Artin,Algebra,PrenticeHalloflndia, 1994.
G.Strang,LinearAlgebraanditsApplications,Brooks/ColeLtd.,NewDelhi, ThirdEdition,
2003.

8. K.B.Datta,Matrix andLinearAlgebra,PrenticeHall IndiaPvt.

No o s w N
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https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22A.%2BRamachandra%2BRao%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22P.%2BBhimasankaram%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22K.%2BB.%2BDatta%22

C-MTM- Statisticaland NumericalMethods 50
204A

StatisticalMethods:Mean,median,mode.Bi-
variatecorrelationandregression:Propertiesandsignificance. Time series analysis. Hypothesis
testing: chi-square test, t-test and F-test. ANOVA.

Numerical methods: Sources and causes of errors. Types of errors. Lagrange’s and
Newton’sinterpolation (deduction is not required). Roots of algebraic and transcendental
equations:Bisection, Newton-Rapshon methods. Rate of convergence. Solution of system of
linearequations:Cramerrule,Gauss-
eliminationmethod.IntegrationbytrapezoidalandSimpson1/3methods.Solution of
ordinarydifferential equation byEuler’smethod, Runge-Kuttamethods.

References:
1. A.M.Goon,M.K.Gupta &B.Dasgupta, Fundamentals ofStatistics,Vol.1&2,Calcutta:

TheWorld Press PrivatelLtd.,1968.

2. J.Medhi,StochasticProcess,NewAgelnternationalPublisher,2ed,1984.

S.Biswas,G. L.Sriwastav,MathematicalStatistics: ATextbook,Narosa,2011.

4. M.K. Jain, S.R.K. lyengar and R.K. Jain, Numerical Methods for Scientific
andEngineeringComputation,NewAgelnternational(P)Limited,NewDelhi, 1984.

5. E.V. Krishnamurthy and S.K. Sen, Numerical Algorithms, Affiliated East-West
PressPvt.Ltd., New Delhi, 1986.

6. J.H.Mathews,Numeical
MethodsforMathematics,Science,andEngineering,2nded.,Prentice-Hall,Inc., N.J., U.S.A,,

W

1992.
7. E.A.Volkov,Numerical Methods,MirPublishers, Moscow,1986.
8. M.Pal,NumericalAnalysis forScientistsand Engineers:Theoryand
CPrograms,Narosa,2007.
C-MTM- HistoryofMathematics 50
204B

Mathematical Sources, Mathematics in Ancient Mesopotamia, The Numeral Systemand
Arithmetic Operations, Geometric and Algebraic Problems, Mathematical
Astronomy,MathematicsinAncientEgypt,Geometry,AssessmentofEgyptianMathematics,GreekM
athematics, TheDevelopmentofPureMathematics, ThePre-EuclideanPeriod, TheElements, The

Three Classical Problems, Geometry in the 3rd Century BCE, Archimedes,
Apollonius,AppliedGeometry,LaterTrendsinGeometryandArithmetic,Greek TrigonometryandM
ensuration, Number Theory, Survival and Influence of Greek Mathematics. Mathematics inthe
Islamic  World (8th-15th Century), Origins, Mathematics in the 9th Century,
Mathematicsinthel0thCentury,OmarKhayyam,IslamicMathematicstothel5thCenturyTheFound

14




ationsof Mathematics : Ancient Greece to the Enlightenment, Arithmetic or Geometry, Being
VersusBecoming,Universals, TheAxiomaticMethod,NumberSystems, TheReexaminationofinfinity
,CalculusReopensFoundationalThePhilosophyofMathematics:MathematicalPlatonism, Tradition
alPlatonism,NontraditionalVersions,MathematicalAnti-Platonism,Realistic Anti-Platonism,
Nominalism, Logicism, Intuitionism, and Formalism,
MathematicalPlatonism:ForandAgainst, TheFregeanArgumentforPlatonism, TheEpistemological
Argument,Against Platonism

References:
1. ErikGregersen, TheBritannicaGuideto TheHistoryof Mathematics,Britannica.
2. EleanorRobson,JacquelineStedall, TheOxfordHandbookof THEHISTORYOFMATHEM
ATICS,Oxford

MTM-205 GeneralTheoryof ContinuumMechanics 50

Stress: Body force. Surface forces. Cauchy’s stress principle. Stress vector. State of stress at
apoint.Stresstensor. Thestressvector—
stresstensorrelationship.Forceandmomentequilibrium.StresstensorsymmetrystressquadricofCau
chy.Stresstransformationlaws.Principalstress.Stressinvariant. Stress ellipsoid.

Strain:DeformationGradients.DisplacementGradientDeformationtensor.Finitestraintensors.Sma
Il deformation theory-infinitesimal strain tensor. Relative displacement. Linear rotationtensor.
Interpretation of the linear strain tensors. Strength ratio. Finite strain interpretation.Principal
strains. Strain invariant. Cubical dilatation. Compatibility equation for linear strain.Strain
energy function. Hook’s law. Saint -—Venant’s principal. Airy’s strain function.
Isotropicmedia.Elasticconstrains.Moduliofelasticityofisotropicbodiesandtheirrelation.Displacem
entequation ofmotion. Waves inisotropic elastic media.

Perfectfluid: Kinematicsoffluid.Lagrangianmethod.Eulerianmethod.Acceleration.Equationof
continuity. The boundary surface. Stream lines and path lines. Irrotational motion and
itsphysical interpretation. Velocity potential. Euler’s equation of motion of an in viscid
fluid.Cauchy’s integral. Bernoulli’s equation. Integration of Euler’s equation. Impulsive motion
offluid.Energyequation.Motionintwodimensions. ThestreamfunctionsComplexpotential.

Source, sink and doublet and their images. Milne-Thompson circle theorem and its
application.Vorticity.Flowandcirculation.Kelvin’scirculationtheorem.Kelvin’sminimumenergyth
eorem.
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MTM-206

References:
1. ContinuumMechanics:T.J.Chung,Prentice-Hall.
2. Continuum Mechanics: Schaum’s Outline of Theory and Problem of
ContinuumMechanics:GedrgeR. Mase, McGraw Hill.
3. Mathematical Theory of Continuum Mechanics: R.N.Chatterjee, Narosa
PublishingHouse.
4. ContinuumMechanics:A.J.M.Spencer,Longman.

GeneralTopology 25

TopologicalSpaces:opensets,closedsets,neighborhoods,basis,sub-basis,limitpoints,closures,
interiors, continuous  functions, homeomorphisms. Examples  of  topological
spaces:subspacetopology,producttopology, metrictopology,ordertopology,Quotient Topology.
Connectedness and Compactness: Connected spaces, connected subspaces of the real
line, Componentsandlocalconnectedness,Compactspaces,Local—

compactness, Tychnoff’sTheoremon compact spaces.

Separation Axioms: 1st and 2nd countable spaces, Hausdorff spaces, Regularity,
CompleteRegularity,Normality.

UrysohnLemma,UrysohnMetrizationTheorem, TietzeExtensiontheorem(statementonly).

References:
1. J.R.Munkres, Topology,2nd Ed.,PearsonEducation(India).
2. M.A.Armstrong, BasicTopology,Springer (India).
3. K.D.Joshi,IntroductiontoGeneralTopology,NewAge International,NewDelhi.
4. G.F.Simmons,IntroductiontoTopologyandModernAnalysis,McGraw-Hill,NewYork.
5. J.L.Kelley,GeneralTopology,Van Nostrand,Princeton.

MTM- Lab.2:(Language:C-ProgrammingwithNumericalMethods) 25
297
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Problem:20marks;Lab.notebookandviva:5.(Programsaretobewrittenonthefollowingproblems
usingpointers, data file, structures, etc.)

OnSearchingandSortingProblems:Linearandbinarysearch,Bubble, Insertion,Selectiontechniques.
Stringmanipulation:Noofoccurrenceofaletterinagivenstring,Palindrome

natureofstring,Rewritethenamewithsurnamefirst,Printastringinareverseorder,Stringsear

ching,Sortingofnamesin alphabeticorder,Find andreplacea

givenletterorwordinagivenstring,Combinationsoflettersofaword,Conversionofname

intoabbreviation form,Pattern matching.

OnNumericalProblems:

0] Evaluationofdeterminant byGausseliminationmethod,usingpartialpivoting.

(i) Matrixinversebypartialpivoting.

(i)  RootsofPolynomialequation.

(iv)  SolutionofsystemoflinearequationsbyGaussSeidaliterationmethod,Matrix
inversion method, LU decomposition method, Gauss eliminationmethod.

(V) SolutionofTri-diagonalequations.

(vi)  Interpolation:Differencetable,Lagrange,Newtonforwardandbackwardinterpolatio
n,Cubic splineinterpolation.

(vii)  Integration:Gaussquadraturerule,IntegrationbyMonteCarlomethod,Doubleintegr
ation.

(viii)  SolutionofODE:EulersandModifiedEulers,Runge-
Kuta,PredictorandCorrectormethod: Milnemethod.

(ix)  Solutionof PDEbyFinite differencemethod.

(x) Eigenvalueofamatrix:Powermethod,Jacobi method.OnStatistical Problems:

(xi)  Onbivariatedistribution:Correlationcoefficient, Regressionlines, Curvefitting.

(xii)  Multipleregression.

(xiii)  Simplehypothesistesting.
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Semester-111
MTM-301 PartialDifferential Equations andGeneralizedFunctions 50

Partial Differential Equations: First order PDE in two independent variables and the
Cauchyproblem. Semi-linear and quasilinear equations in two-independent variables. Second
orderlinear PDE. Adjoint and self-adjoint equations. Reduction to canonical forms.
Classifications.Fundamentalequations: Laplace, Waveand Diffusionequations.

Hyperbolic equations: Equation of vibration of a string. Existence. uniqueness and
continuousdependenceofthesolutionontheinitial
conditions.Methodofsepearationofvariables.D’ Alembert’s solution for the vibration of an
infinite string. Domain of dependence.Higher-dimensionalwaveequations.

Elliptic equations: Fundamental solution of Laplace’s equations in two variables.
Harmonicfunction. Characterization of harmonic function by their mean value property.
Uniqueness.Continuous dependence and existence of solutions. Method of separation of
variables for thesolutions of Laplace’s equations. Dirichlet’s and Naumann’s problems.
Green’sfunctions forthe Laplace’s equations in two dimensions. Solution of Dirichlet’s and
Naumann’s problem forsometypical problemslike adisc andasphere.Poisson’s general solution.
Parabolic equations:Heat equation- Heat conduction problem for an infinite rod-
Heatconductionin a finite rod-existenceand uniqueness of the solution.

GeneralizedFunctions:Diracdeltafunctionanddeltasequences. Testfunctions.Linearfunctionals.R
egularandsingulardistributions.Sokhoski-Plemeljformulas.Operationsondistributions.
Derivatives.  Transformation  properties of delta function. Fourier transform
ofgeneralizedfunctions.

References:

1. Y.PinchoverandJ.Rubinstein,AnintroductiontoPartialDifferentialEquations,Cambridge
UniversityPress.

2. F.John,PartialDifferential Equations,3" ed.,NarosaPubl.Co.,NewDelhi.

3. L.C.Evans,PartialDifferentialEquations,GraduateStudiesinMathematics,VVol.19,AMS,Pr
ovidence.

4. E.Zauderer,PartialDifferentialEquationsofAppliedMathematics,2nded.,JohnWileyandSo
ns, New York.

5. S.Rao,IntroductiontoPartialDifferentialEquations,3™Edition,PHILearning
PrivateLimited,NewDelhi.

6. J.J. Duistermaatand J.A. C. Kolk,DistributionsTheoryand Applications, Birkhauser

MTM-302 Transformsandintegral Equations 50
18




Fourier Transform: Fourier Transform, Properties of Fourier transform, Inversion
formula,Convolution, arseval’s relation, Multiple Fourier transform, Bessel’s inequality,
Application oftransformto Heat,WaveandLaplaceequations(Partial differentialequations).
Laplace Transform: Laplace Transform, Properties of Laplace transform, Inversion formula
ofLaplace transform (Bromwich formula), Convolution theorem, Application to ordinary
andpartialdifferential equations.

WaveletTransform: Time-frequencyanalysis,Multi-
resolutionanalysis,Splinewavelets,Sealingfunction,Short-
timeFouriertransforms,Waveletseries,Orthogonalwavelets, Applicationsto signal and
imageprocessing.

IntegralEquation:Formulationofintegralequations, IntegralequationsofFredholmandVolterra
type, Solution by successive substitutions and successive approximations, ResolventKernel
Method, Integral equations with degenerate kernels, Abel’s integral equation,
IntegralEquations of convolution type and their solutions by Laplace transform, Fredholm’s
theorems,Integral equations with symmetric kernel, Eigen value and Eigen function of integral
equationandtheirsimple properties, Fredholm alternative.

References:
1. LN. Sneddon: The use of Integral Transforms, Tata McGraw Hill, Publishing

CompanyLtd,NewDelhi, 1974.

2. LokenathDebnath:IntegralTransformsandTheirApplications, CRCPress,1995.

3. C.M.BenderandSAOrszag:AdvancedMathematicalMethodsforScientistsandEngineers,M
cGrawHill, New York, 1978.

4. R.P.Kanwal:LinearIntegralEquations; Theory&Techniques,AcademicPress,NewYork,19
71.

5. H.T.Davis:IntroductiontoNonlinearDifferentialandIntegralEquations,Dover

Publications,1962.
6. R.V.Churchill:OperationalMathematics,Mc.Graw Hill,NewYork,1958.

7. M.L.Krasnov:ProblemsandExercisesintegralEquations,MirPublicationMoscow,1971.

8. D.Logan:Appliedmathematics:AContemporaryApproach,JohnWileyandSons,NewYork,
1997.

9. F.B. Hildebrand:MethodsofAppliedMathematics,DoverPublication,1992.
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MTM-303 Unit-1:DynamicalOceanologyandMeteorology 25

DynamicalOceanology:PropertiesofSeaWaterrelevanttoPhysicalOceanography:Measurementof
density,temperatureandsalinity,Relativedensity,sigma-tandspecificvolume,Densityand
specificvolumeas functions of temperature,salinityand pressure;

The Basic Physical Laws used in Oceanography and Classifications of Forces and Maotions
intheSea: Basiclaws, Classifications of forces andmotions;

TheEquationofContinuityofVVolume: Theconceptofcontinuityofvolume, Thederivationoftheequati
on ofcontinuityofvolume.

The Equation of Motion in Oceanography: The form of the equation of motion,
Obtainingsolutions to the equations, including boundary conditions, The derivation of the terms
in theequation of motion, The pressure term, Transforming from axes fixed in space to axes
fixed intherotating earth,Gravitation and gravity, TheCoriolis terms,Other accelerations.

Dynamical = Meteorology:Dynamical = Meteorology: =~ Composition  of  Atmosphere,
AtmosphericStructure,BasicThermodynamicsoftheatmosphere,Poisson’sEquation,Potentialtem
perature, Equation of state of dry air,hydrostatic equation, variation of Pressure
withaltitude,hypsometricequation,dryadiabaticlapserate, Equationofmoistair,Virtualtemperatur
e,mixingratio,specifichumidity,absolutehumidityandrelativehumidity,fundamentalatmospheric
forces, derivation of momentum equation of an air parcel in vectorandCartesian form,
Geostrophic wind and Gradient wind.
References:

1. Introductory Dynamical Oceanology, 2nd Ed, Pond, Stephen; Pickard, George

L.,Butterworth-HeinemannLtdLinacreHouse, JordanHill,Oxford 0X28DP

Unit-2:OperationsResearch 25
Inventory control: Deterministic Inventory control including price breaks and Multi-item
withconstraints.
Queuing Theory: Basic Structures of queuing models,Poisson queues —-M/M/1, M/M/C forfinite
and infinite queue length, Non-Poisson queue -M/G/1, Machine-Maintenance (steadystate).
Classicaloptimizationtechniques:Singlevariableoptimization,multivariateoptimization(withnoco
nstraint, with equalityconstraints and with inequalityconstraints).

References:

N
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Hillier,F.S.,2012. Introductiontooperationsresearch. TataMcGraw-HillEducation.
Rao,S. S. Engineering optimization: theoryandpractice. John Wiley&Sons, 20009.
Taha,H.A.Operationsresearch:Anintroduction.PearsonEducationlndia,2004.
Sharma,J.K.OperationsResearch:theoryandapplication,MacmillanPublishers,2006.

A

C-MTM-304 DiscreteMathematics 50

Booleanalgebra: Introduction,BasicDefinitions,Duality,BasicTheorems,Booleanalgebraandlattice
,RepresentationTheorem,Sum-of-productformfor sets,Sum-of-productsformforBooleanAlgebra.
ProposionalLogic,

TautologySetsandpropositions: Cardinality.Mathematical Induction.PrincipleofInclusionandexcl
usion.Computability and Formal Languages: Ordered Sets. Languages. Phrase Structure
Grammars. Typesof Grammars andLanguages.

Finite State Machines: Equivalent Machines. Finite State Machines as Language
Recognizers.PartialOrder Relations andLattices:Chains andAntichains.

Graph Theory: Definition, walks, paths, connected graphs, regular and bipartite graphs,
cyclesand circuits. Tree and rooted tree. Spanning trees. Eccentricity of a vertex radius and
diameterofagraph. Centre(s)ofa tree. HamiltonianandEuleriangraphs,Planargraphs.

AnalysisofAlgorithms: TimeComplexity. ComplexityofProblems.DiscreteNumericFunctionsand
GeneratingFunctions.

References:
1. Rosen,K.H. DiscreteMathematicsand itsApplications,McGraw-Hill,2007.
2. Sarkar,S.K. Atextbookofdiscretemathematics:BE,B.Tech.,B.Sc.(ComputerScience),BIT,
BCA and IT related courses. Chand, 2005.
3. Wilson,R.J.,&Watkins,J.J.Graphs:anintroductoryapproach:afirstcourseindiscretemathema
tics. John Wiley&Sonsinc, 1990.

MTM-305A SpecialPaper-OM:DynamicalOceanology 50
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The Role of the Non-linear Terms and the Magnitudes of Terms in the Equations of
Motion:The non-linear terms in the equation of motion, Scaling and the Reynolds Number,
Reynoldsstresses,Equationsforthemeanoraverageflow,Reynoldsstressesandeddyviscosity,Scaling
theequations of motion; Rossbynumber, Ekmannumber,CurrentswithoutFriction

(GeostrophicFlow):Hydrostaticequilibrium, Inertialmotion,Geopotentialsurfacesandisobaricsurf
aces,thegeostrophicequation,Derivingabsolutevelocities,Relationsbetweenisobaricandlevelsurfac
es,Relationsbetweenisobaricandisopycnalsurfaces andcurrents, The beta
spiral;CurrentswithFriction(Wind-

drivenCirculation): Theequationofmotionwithfrictionincluded,Ekman's solution to the equation
of motion with friction present, Sverdrup's solution for thewind-drivencirculation

VorticityandCirculation:Vorticity,Circulation,
Kelvin’stheoremforbarotropicfluid,VortexlineandVortextube,Helmholtz’stheorem,Vorticityequ
ation,Physicallnterpretation,Baroclinicvorticityequation.

Vortex Motion:Circular Vortex, The circulation of circular vortex, Rectilinear Vortex,
VortexPair, Vortex Doublet, Infinite Row of Parallel Rectilinear Vortices (Single Infinite Row,
Tworowsof vortices), Karman Vortex.
References:
1. IntroductoryDynamicalOceanology,2"Ed,Pond,Stephen;Pickard,GeorgeL.,Butterworth
-HeinemannLtdLinacreHouse, JordanHill, Oxford0X2 8DP

OceanCirculationTheory, JosephPedlosky,Springer
3. FluidMechanics (4thEdition),FrankM.White, WCBMcGraw-Hill

N

MTM-306A SpecialPaper-OM:DynamicalMeteorology-I 50

Thermodynamics of the atmosphere: Adiabatic lapse rate for moist unsaturated air, The
effectof Ascent and descent on lapse rare and stability, The Clausius — Clapeyron equation,
Thesaturated adiabatic lapse rate and stability, saturation by Isobaric cooling, dew point
changes inadiabaticmotion,saturationbyadiabaticascent,Pseudoadiabaticchange,wet-
bulbtemperature,wet—
bulbpotentialtemperature,equivalenttemperature,equivalentpotentialtemperature,vertical
stability by Parcel method, Slice method of stability analysis, Horizontalmixingof air masses,
vertical mixingof air masses.

PurposeanduseofAerologicaldiagrams,AreaEquivalence,propertiesof Tephigram,Clapeyrondiag
ram, Emagram

Dynamics in Atmosphere: Equation of momentum of an air parcel in spherical
coordinates,naturalcoordinatesandisobariccoordinates.VerticalshearofGeostrophicwind, Therm
alwindequation, Vertical variation of pressure system, atmospheric energy equation, circulation
andvorticityin theatmosphere, equationofvorticity,rate of changeof circulation.
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References:

1. DynamicalandPhysical Meteorology: GeorgeJ.Haltinerand Frank L.Martin,McGraw
Hill

2. AnintroductiontoDynamicalMeteorology:HoltonJ.R.,AcademicPress

PhysicalandDynamical Meteorology:D.Brunt,CambridgeUniversityPress

4. AtmosphericThermodynamics: Iribarne,J.\VV.andGodson,W.L.

w

MTM-305B SpecialPaper- 50
OR:AdvancedOptimizationandOperationsResearch

Revised simplex method (with and without artificial variable). Modified dual
simplex.LargeScale LinearProgramming:DecompositionPrincipleofDantzigand\Wolf.

Parametricandpost-
optimalanalysis:Changeintheobjectivefunction.Changeintherequirementvector,Additionofavari
able,Additionofaconstraint,Parametricanalysisofcostandrequirement vector.

SearchMethods:Fibonacciand goldensectionmethod.

Gradient Method: Method of conjugate directions for quadratic function, Streepest descent
andDavodon-Fletcher-Powellmethod.Methodsoffeasibledirectionandcuttinghyperplanemethod.

Integer Programming: Gomory’s cutting plane algorithm, Gomory’s mixed integer
problemalgorithm,A branchandbound algorithm.

Goal Programming: Introduction, Difference between LP and GP approach, Concept of
GoalProgramming, Graphical solution-method of Goal Programming, Modified simplex
method ofGoalProgramming.

OptimizationforSeveralVariables: Algebraicapproach,Algebraicgeometricalapproach,cost
— differentapproach, Inequalityapproach

References:
1. S.S. Rao. Engineering optimization: theoryand practice. John Wiley&Sons, 2009.
2. Taha,HamdyA.Operationsresearch:An introduction.PearsonEducationindia,2004.

3. Belegundu,AshokD.,andTirupathiR.Chandrupatla.Optimizationconceptsandapplicationsi
n engineering. CambridgeUniversityPress, 2011.

4. Sharma,S.D.OperationsResearch,KedarNathRamNath&Co.,Meerut.
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MTM-306B SpecialPaper-OR:OperationalResearchModelling-1 50

DynamicProgramming:Introduction,Natureofdynamicprogramming,Deterministicprocesses,
Non-Sequential discrete optimization, Allocation problems, Assortment problems,Sequential
discrete optimization, Long-term planning problem, Multi-stage decision
process,ApplicationofDynamic Programminginproduction schedulingand routingproblems.

Inventory control:Probabilisticinventory control(withandwithoutleadtime),Dynamicinventory
models. Basic concept of supply — chain management and two echelon supply chainmodel.

Network: PERT and CPM: Introduction, Basic difference between PERT and CPM, Steps
ofPERT/CPMTechniques,PERT/CPMNetworkcomponentsandprecedencerelationships,Critical
path analysis, Probability in PERT analysis, Project Time-Cost, Trade-off, Updating
oftheproject, Resourceallocation — resourcesmoothingandresourceleveling.

ReplacementandMaintenanceModels: Introduction,FailureMechanismofitems,Replacementof
items deteriorates with time, Replacement policy for equipments when value of moneychanges
with constant rate during the period, Replacement of items that fail completely—individual
replacement policy and group replacement policy, Other replacement problems —
staffingproblem, equipment renewal problem.

Simulation: Introduction,Stepsofsimulationprocess,Advantagesanddisadvantagesofsimulation,

Stochastic simulation and random numbers— Monte Carlo simulation,
Randomnumber,Generation,Simulationof
InventoryProblems,SimulationofQueuingproblems,Roleofcomputers in Simulation,

Applications of Simulations.

References:
1. Taha,HamdyA.Operationsresearch: Anintroduction.PearsonEducationindia,2004.
2. Sharma,S.D.OperationsResearch,KedarNathRamNath&Co.,Meerut.
3. SharmaJ.K.OperationsResearch:theoryand application,MacmillanPublishers,2006.
4. Hillier,F.S.,2012.Introductiontooperationsresearch. TataMcGraw-HillEducation.
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MTM-401 Functional Analysis 50

Normed spaces. Continuity of linear maps. Bounded linear transformation. Set of all
boundedlineartransformationB(X,Y)fromNLS XintoNLS YisaNLS.B(X,Y)isaBanachspaceifYis a
Banach space. Quotioent of normed linear spaces and its consequences. Hahn-BanachExtension
theorem and Its applications. Banach spaces. A NLS is Banach iff every
absolutelyconvergentseries is convergent.Conjugatespaces,Reflexivespaces.

Uniform Boundedness Principle and its applications. Closed Graph Theorem, Open
MappingTheoremand their applications.

Innerproductspaces,Hilbertspaces.Orthonormalbasis.CompleteOrthonormalbasis.Cauchy-
Schwarz inequality. Parallelogram law. Projection theorem. Inner product is a
continuousoperator. Relation between IPS and NLS. Bessel’s inequality. Parseval’s identity.
Strong
andWeakconvergenceofsequenceofoperators.ReflexivityofHilbertspace.RieszRepresentationthe
oremforbounded linear functional onaHilbertspace.

Definition of self-adjoint operator, Normal, Unitary and Positive operators, Related
simpletheorems.

References:
1. B.V.Limaye,Functional Analysis,2nded., NewAgelnternational,NewDelhi.
2. J.B.Conway,ACourseinFunctionalAnalysis,2nded.,Springer, Berlin.
3. E. Kreyzig, Introduction to Functional Analysis with Applications, John Wiley &
Sons,NewYork.
4. A.TaylorandD.Lay,IntroductiontoFunctional Analysis,Wiley,NewYork.
5. C.GoffmanandG.Pedrick,AFirstCoursein FunctionalAnalysis,Prentice-Hall.
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MTM-402 Unit-1:FuzzyMathematicswithApplications 25

Basicconceptanddefinitionoffuzzysets.Standardfuzzysetsoperationsanditsproperties.Basictermi
nologies suchasSupport,a-Cut, Height, Normality, Convexity, etc.

Fuzzyrelations,Propertiesofa-
Cut,Zadeh’sextensionprinciple,Intervalarithmetic,Fuzzynumbersand
theirrepresentation, Arithmetic offuzzynumbers.

Basic conceptof fuzzymatrices.Basic conceptsoffuzzydifferential
equations.LinearProgrammingProblems with fuzzyresources:

0] Vendegay’sapproach

(i) Werner’sapproach

L.P.P.withfuzzyresourcesandobjective: Zimmermann’sapproach.
L.P.P.withfuzzyparametersintheobjectivefunction.DefinitionofFuzzymultiobjectivelinearprogra
mmingproblems.

References:
1. Novék,V.,1989.Fuzzysetsandtheirapplications. Taylor&Francis.
2. Dubois,D.J.,1980.Fuzzysetsandsystems:theoryandapplications,Academicpress.

3. Klir,G.J.andYuan,B.,1996.Fuzzysets,fuzzylogic,andfuzzysystems:selectedpapersby Lotfi
A. Zadeh.World ScientificPublishingCo.,Inc..

4. Bector,C.R.andChandra,S.,2005.Fuzzymathematicalprogrammingandfuzzymatrixgame
s, Berlin: Springer.

5. Ross, T.J., 2009.Fuzzylogic with engineering applications.John Wiley& Sons.

6. Kandasamy,W.V.,Smarandache,F.andllanthenral,K.,2007.Elementaryfuzzymatrixthe
oryand fuzzy models for social scientists. InfiniteStudy.

7. Gomes,L.T.,deBarros,L.C.andBede,B.,2015.Fuzzydifferentialequationsinvariousappro
aches. Berlin: Springer.

Unit-2:SoftComputing 25

Introduction of soft computing, fuzzy logic, Genetic Algorithm, Neural networks,
Applicationoffuzzylogicconceptsinscientificproblems,SolutionofoptimizationproblemsusingGene
ticAlgorithm.NeuralNetworkapproachesinscientificanalysis,design,and diagnosticproblems.

References:

1. OglyAliev,R.A.andAliev,R.R.,2001.Softcomputinganditsapplications.WorldScientific.

2. Sivanandam,S.N.andDeepa,S.N.,2007.PRINCIPLESOFSOFTCOMPUTING(WithCD).
John Wiley&Sons

3. Karray, F.O. and De Silva, C.W., 2004. Soft computing and intelligent systems
design:theory,tools, and applications. Pearson Education.

4. Jang, J.S.R., Sun, C.T. and Mizutani, E., 1997. Neuro-fuzzy and soft computing;
acomputational approach to learning and machine intelligence. Prentice Hall,
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UpperSaddleRiver NJ(1997).

MTM-403 Unit-1:MagnetoHydro-Dynamics 25

Maxwell’selectromagneticfieldequationswhenmediuminmotion.Lorentz’sforce.Theequationsofm
otionofaconductingfluid.Basicequations.Simplificationoftheelectromagneticfieldequation.Magne
ticReynoldsnumber.Alfventheorem.Magnetic body force. Ferraro’s law of isorotation. Laminar
Flow of a
viscousconductingliquidbetweenparallelwallsintransversemagneticfields.M.H.D.FlowPast a
porous flat plate  without induced magnetic field. MHD  Couelte Flow
underdifferentboundaryconditions,Magnetohydrodynamicswaves.Hallcurrents. MHDflowpasta
porous flatplatewithout inducedmagneticfield.

References:

1. P.A.Davidson,AnlntroductiontoMagnetohydrodynamics,2001,CambridgeUniversityPres
S

2. Hosking,RogerJ.,Dewar,Robert,2016,FundamentalFluidMechanicsandMagnetohydrody
namics,Springer

Unit-2:StochasticProcessandRegression 25

StochasticProcess: Markovchainswithfiniteandcountablestatespace.Classificationofstates. Limiti
ng behavior of n state transition probabilities. Stationary distribution. Branching
process.Randomwalk.Gambler’sruinproblem.Markovprocessesincontinuoustime.Poisson’sproc
essPartialcorrelation. Multiplecorrelation. Advanced theoryof linearestimation.

References:

1. A.M.Goon,M.K.Gupta&B.Dasgupta,FundamentalsofStatistics,VVol.1&2,Calcutta:
TheWorld Press PrivateLtd., 1968

2. J.Medhi,StochasticProcess,NewAgelnternationalPublisher,2ed,1984.
3. SuddhenduBiswas,G.L.Sriwastav,MathematicalStatistics: ATextbook,Narosa,2011

MTM-404A SpecialPaper-OM:ComputationalOceanology 50

Shallow = water theory, Quasi-Homogeneous Ocean: Derivation of depth-averaged
continuityequation,momentumequationandvorticityequation,Potential\VVorticity,derivationofpot
entialvorticityequation.

Analytical Approaches: Linear waves in the absence of rotation, effect of rotation,
geostrophicadjustment, Sverdrup waves, inertial waves and Poincare waves, Kelvin waves at a
straightcoast, PlanetaryRossbywaves.

Computational Approaches: One-dimensional gravity waves with centred space
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differencing, Two-dimensional gravity waves with centred space differencing, The shallow-
water equationswith explicit-Euler Scheme, Implicit-Euler scheme, leap-frog schemes,
Boundary conditions(Closed boundaryconditions, Open
boundaryconditionsCyclicboundaryconditions)

FiniteVolumeMethod:EquationswithFirstorder DerivativesOnly,withsecondorder
Derivatives, TheFiniteVolumeMethodforShallowWaterEquations(oneandtwo-
dimensionalsituation), First Order Upwind (FOU) and Lax-Friedrichs Schemes for the Shallow
WaterEquations, TheFiniteVolumeMethodforDiffusionProblems(SteadyOne-
dimensionalConditionwithTheUpwindScheme,UnsteadyOne-DimensionalCondition, Two-
AndThree-DimensionalSituations),ConvectionandDiffusionProblems(oneandtwo-dimensional
situation).
Reference:
1. WavesintheOcean,LeBlond,P.H.,andMysak,L.A.,Elsevier1978
2. NumericalMethodsforMeteorologyandOceanology, KristeferDoos,LaurentBrodeauandPet
erLundbergDepartmentofMeteorology,StockholmUniversity(http://doos.misu.su.se/pub/
numerical _methods.pdf)
3. PrinciplesofComputationalFluidDynamics,Pieter\Wesseling,Springer,
4. ComputationalTechniqueforFluidDynamics,Vol.l,CAJFletcher,Springer

MTM-405A SpecialPaper-OM:DynamicalMeteorology —I1 25

Surface of discontinuity, slope of frontal surface, pressure distribution near fronts,
pressuretrough at fronts, presuure tendency below frontal surface, condition for frontogenesis
andfrontolysisinadeformationfield,geostrophicfront.GlobalCirculation:Meridionaltemperature
gradient, Jet stream, Rossby waves. Perturbation method: Gravity waves, Hurricane,
StormSurge, Numerical Weather Prediction: Grid points, Finite difference equations,
forecasting ofpotentialtemperature.

References:
1. DynamicalandPhysicalMeteorology:GeorgeJ.HaltinerandFrankL.Martin,McGrawHill.
2. AnintroductiontoDynamicalMeteorology:HoltonJ.R.,AcademicPress.
3. PhysicalandDynamical Meteorology:D.Brunt,CambridgeUniversityPress.
4. AtmosphericThermodynamics: Iribarne,J.V.andGodson,W.L.

MTM-495A SpecialPaper-OM:Lab.(DynamicalMeteorology) 25
ProblemsonMeteorology:

1. Surfacetemperature,pressure,humidity,Windspeedanddirectionmeasurements.
2. Rainfallandrainmeasurements.
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http://doos.misu.su.se/pub/numerical_methods.pdf)
http://doos.misu.su.se/pub/numerical_methods.pdf)
http://doos.misu.su.se/pub/numerical_methods.pdf)

o

TDcharts-analysis.
4. T-diagram:

) Geopotentialheight byisotherm / adiabaticmethod.

i) Tofinddrybulbandwetbulbtemperature,potential,virtual,equivalentpotential,d

ew pointtemperaturesandmixingratio.
5. NumericalmethodandcomputertechniquesrelatedtoMeterologicalProblems,Handlingand
analysis of Meteorologicaldata.

6. Field worke (5-marks) (compulsory): Students should go to one of
theUniversity/Institute/Organization laboratory to understand experimental set-
upsinadvancemeteorology(suchasAnnularexperimentforexistenceof
generalcirculationandRossbywave,experimentfordemonstrating
Helmholtzinstability, Aerosolmeasurements,Facsimilerecorderforreceivingweather
charts etc.)

MTM-404B SpecialPaper-OR:NonlinearOptimization 50

Optimization: The nature of optimization and scope of the theory, The optimality criterion
ofLinear programming, An application of Farka’s theorem, Existence theorem for linear
systems,Theorems of the alternatives, Slater’s theorem of alternatives, Motzkin theorem of
alternatives,Optimality in the absence of differentiability and constraint qualification, Karlin’s
constraintqualification,Kuhn-Tucker’ssaddlepointnecessaryoptimalitytheorem,Fritz-
Johnsaddlepointoptimality theorem, Optimality criterion with differentiability and Convexity,
Kuhn-Tucker’ssufficient optimality theorem, Fritz-John stationary point optimality theorem,
Duality in non-linear programming, Weak duality theorem, Wolfe’s duality theorem, Duality
for quadraticprogramming.

QuadraticProgramming: Wolfe’smodifiedsimplexmethod,Beale’smethod,Convexprogramming.
StochasticProgramming:Chanceconstraintprogrammingtechnique.

Geometric Programming: Geometric programming (both unconstrained and constrained)
withpositiveand negativedegreeof difficulty.

Games: Preliminary concept of continuous game, Bi-matrix games, Nash equilibrium,
andsolutionofbi-
matrixgamesthroughquadraticprogramming(relationwithnonlinearprogramming).

Multi-objectiveNon-linearProgramming: Introductoryconceptandsolutionprocedure.

References:
1. MokhtarS.Bazaraa,HanifD.SheraliandC.M.Shetty,NonlinearProgramming: Theoryand
Algorithms, JohnWiley&Sons, 2006.
2. OlviL.Mangasarian,NonlinearProgramming,SocietyforindustrialandAppliedMathemati

€s,1994.
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OsmanGler, FoundationsofOptimization,Springer2010.

DavidG.LuenbergerandYinyuYe,LinearandNonlinearProgramming,Springer,2008.

KennethLange,Optimization,Springer2013.

S.S.Rao,EngineeringOptimization: TheoryandPractice, JohnWiley&Sons, 1996.

JanBrinkhuisandVIadimirTikhomirov,Optimization:InsightsandApplications,Princeton

UniversityPress, 2005.

8. MordecaiAvriel,NonlinearProgramming: Analysis&Methods,DoverPublications,NewYor
k, 2003.

9. FrederickS.HillierandGeraldJ.Lieberman,IntroductiontoOperationsResearch,

McGraw-Hill,2010.
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OptimalControl: Performanceindices,Methodsofcalculusofvariations, TransversallyConditions,S
impleoptimalproblemsofmechanics,Pontryagin’sprinciple(withproofassumingsmooth
condition), Bang—bangControls.

Reliability: Concept, Reliability definition, System Reliability, System Failure rate,
ReliabilityoftheSystemsconnectedinSeriesor/andparalle. MTBF,MTTF,optimizationusingreliabi
lity, reliability and quality control comparison, reduction of life cycle with
reliability,maintainability,availability, Effectofage,stress,andmission timeonreliability.
InformationTheory:Introduction,CommunicationProcesses—
memorylesschannel,thechannelmatrix, Probabilityrelation in a channel,noiseless channel.

A Measure of information- Properties of Entropy function, Measure of Other
informationquantities — marginal and joint entropies, conditional entropies, expected mutual
information,AxiomforanEntropyfunction,propertiesofEntropyfunction.Channelcapacity,efficie
ncyandredundancy.Encoding-ObjectivesofEncoding.Shannon-
FanoEncodingProcedure,Necessaryandsufficient Condition forNoiseless Encoding.

References:

1. Swarup,K.,Gupta,P.KandManMohan,OperationResearch,SultanChand&Sons.
Sharma,J.KOperationResearch—TheoryandApplication,Macmillan.
Gupta,P.K.andHira,D.S.,OperationResearch,S.Chand&Co.Ltd.

TahaH.A., OperationResearch-anlIntroduction,PHI.
Bronson,R.andNaadimuthu.G.,TheoryandproblemsofOperationsResearch,Schuam’sOut
lineSeries, MGH.

O 0N

MTM-495B SpecialPaper-OR:Lab.(OR 25
methodsusingMATLABandLINGO)

Problems on AdvancedOptimization and Operations Researchare tobe solved by
usingMATLAB(onequestioncarrying9marks)andLINGO(onequestioncarryingémarks)(Total:15
Marks)

1. ProblemsonLPPbySimplex Method.

2. ProblemsonL.PPbyRevisedSimplexMethod.

3. ProblemsonStochasticProgramming.
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4. ProblemsonGeometricProgramming.

5. ProblemsonBi-matrix Games.

6. ProblemsonQueuingTheory.

7. ProblemsonQPP byWolfe’sModifiedMethod.

8. ProblemsonIPPbyGomory’sCuttingPlaneMethod.
9. Problemson Inventory.

10. Problemson MonteCarlo SimulationTechnique.
11. ProblemsonDynamicProgramming.

12. ProblemsonReliability.

FieldWork(Compulsory)(5Marks)
ApplicationforOptimizationproblemsinreal-lifeproblembyvisitinganylndustry
/University/ReputedInstitutiontounderstandthepracticaluseoftheoptimizationandmakingLabNo
teBook on the experience gathered duringthe visit.

Lab Note Book(mustbe writteninhandwriting)andViva-Voce(Total:5Marks)

MTM-406 Dissertation Project Work 50

Dissertation  Project will be performed on  Tutoriall Review Work on
ResearchPapers.ForProjectWorkoneclasswillbeheldineveryweek.Marksaredividedasthe
following: Project Work-25, Presentation-15, and Viva-voce-10. Project Work of each student
will be evaluated by the concerned internal teacher / supervisor and one External Examiner.
The external examiner must be present in the day of evaluation.
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4. ProblemsonGeometricProgramming.

5. ProblemsonBi-matrix Games.

6. ProblemsonQueuingTheory.

7. ProblemsonQPP byWolfe’sModifiedMethod.

8. ProblemsonIPPbyGomory’sCuttingPlaneMethod.
9. Problemson Inventory.

10. Problemson MonteCarlo SimulationTechnique.
11. ProblemsonDynamicProgramming,.

12. ProblemsonReliability.

FieldWork(Compulsory)(SMarks)
ApplicationforOptimizationproblemsinreal-lifeproblembyvisitingany Industry
/University/ReputedInstitutiontounderstandthepracticaluseoftheoptimizationandmakingLabNo
teBook on the experience gathered duringthe visit.

Lab Note Book(mustbe writteninhandwriting)andViva-Voce(Total:5SMarks)

MTM-406 Dissertation Project Work S0

Dissertation Project will be performed on Tutoriall Review Work on
ResearchPapers.ForProjectWorkoneclasswillbeheldineveryweek.Marksaredividedasthe
following: Project Work-25, Presentation-15, and Viva-voce-10. Project Work of each student
will be evaluated by the concerned internal teacher / supervisor and one External Examiner.
The external examiner must be present in the day of evaluation.
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