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MTHCC-2301: Topology

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit; 04

Note: -
‘The examiner is required Lo set nine questions in all,
The first question will be compulsory consisting of seven shorl questions (2 marks
each) covering the whole syllabus.
In addition, eight more questions will be set unit-wise comprising (wo questions from
each of the four units. The students shall be required to attempl five questions in all
sclecting one question from cach unit including compulsory question.

Unit; 1,
Definition and examples of topological spaces. Neighborhoods, closed sets, closure, Interior.

exterior and boundary ol a sel, Adherent points and Accumulation points, closure of a set as
a set of adherent points, durived sets, properties of closure operator, dense subsets.

Base and sub-base tor a topology, Neighbourhood system of a point and {ts propertics, Basce
for a neighbourhood system. Subspaces and relative topology. First countable. second
countable and  separable  spaces,  their relationships  and  hereditary properties.  about
countahility of a collection of disjoint open sets in a separable and second countable space,

Lindelols theorems.

Unit: 2.
Comparison of tapologies on g set aboul intersection, enion. infimom :md supremum ol o

collection of topologics on a set. Detinilion, examples and characterizations of continuous
functions, composition of costinuous lungtions, aperand closed tunctions, homeomorphism.
TychanolT product topology, defining hase and sub-buse Tor product tupology, projection
maps, characterization ol product lopology as smaltest (wpology with continuous projections,
contimeity of a function from a space into a product of spaces, countability and product

Spaees,

Unitz 3.

Separition axioms, Tuo Uy o Regadar, T spaces, therr eharacterizotion and hereditary
properties. productive propertios of Ty and T spaces, complerely regular and L vehonolT
spaces, their hereditiy and productive properties. Normal and 1, spitces, normafily of a
regular Dindelot space, Uirvsohn™ lenmma, complete regukarity of a repuliar normal space, 1

implics Tychonol T Ficlze s extension thieoren,

Uinit: 4.

Connected spaces, separation ol fopolagical space, definition of conmectedness in ferms of
sepaition. characterizaton af camectedness, connevted  subsets and - heir prapertics,
continatty and connectedies, camnectedness and Produet spaces,

Compictnesss definition and examples of caompaet siees and salbsets, vampacioess interms

of finfle intersection property. conlinniy and COmpact sl compactioess e separation



v properties, closedness of compact subset and a continuous map from a compact space inlo a
Hausdorff and its consequence. regularity and normality of a compact | lausdor{T space.

Books Recommended:
.1 L. Kelly: General Topology. Springer,
2. L R. Munkers: Topology. Prentice Hall.
3. G T Simmons: Introduction to Topology and Modern Analysis. McGraw Hill.



MTHCC-2302: Fluid Mechanies

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 63 Hours
Total Credit: 04
Note: -
The examiner is required Lo sel nine questions in all.
The first question will be compulsory consisting of seven short questions (2 marks
each) covering the whole syllabus.
In addition, eight more guestions will be set unit-wise comprising two questions from
each of the four units. The students shall be required to attempt live questions in all
sclecting onc question from cach unit including compulsory question.
Unit: 1.

Kinematics of fluid in motion: Real fluids and ideal fluids, Velocity at a point of a fluid,
Lagrangian and Culerian methods and the relation between them. Stecam lines, path lines and
streak liens, vorticity and circulation. Vortex lines. Acceleration and Material derivative.
Cquation of continuity in veetor form. Cartesian. cylindrical and spherical coordinates.
Reynolds transport. Theorem. Working rules for writing equation of continuity in some
speeific flows. General analysis of fluid motion. Propertics ol Huids- static and dynamic
pressure. Boundary surfaces and boundary surface conditions. Inotational and rotational
motions. Velocity potential,

Unit: 2.

FHquation of Motion : Fagraned's and Puler's equations of Mation. Conservative field of force.
Bernoulli's theorem, Applications of the Beroulli Equation in one dimensional  (Tow
problems. Kelvins circulation theorem, vorticity equation.

Fnergy equation [or incompressible flow, Kinetic energy of freotational flow. Kelvins
minimum energy eorenn Mean potential over a spherical surface, Kinetic encrgy of infinite
fquid. Uniqueness theorems, Elementary Naid motion in two dimensions: stream function,
irrotational motion, comples patential, sourees, sinks and doublets,

Elnit: 3.
Real or Viscous Muids: Newton™s Law ol viscosity, Newtonian asd non-Newtonian luids.

State of stress ata point, Nature ol stresses, transformation of stress components. Nature of
rate ol strain, tran forneition of the mte ol steain, Principid stress & slain rate. Relation
between stress annd rate ol (i,

Navier  Stohe™s cguatises of motion of a0 viscons uid o oveetor from and in ferm of
Cartesian, eytindricat and spherical voordinaters. The enerpy cquation. Diftision of varticity.
vorlicity cquation: Faceny desipation doe 1o viseosily,

Ulnig: 4,

Paminar’s flow: Steady tlow hetween two parallel planes: plane Poicaille Mo, Plane
Couelte o, goneralizad plane Conette (ow,

Steady How i pipess How throweh acirealar pipe (Hisen-Poiscuille ow), laminar steady
How hetween two convial circndar exlinders, Taminar sleady How  between coneentric
roting ey tindera Uaigoenes hieorem, Steady viscous (o in tabes of unilorm elliptic,
cquilateral trisngeudar and rectnenlar cross sections,
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Books Recommended:

1.
2.

3.

8.

9.
.

F. Chorlton, Text-book of Fluid Dynamics, C.B.S. Publishers. Delhi. 1985,

Michael E.0. Neill and F. Chorlton. Ideal and Incompressible Fluid Dynamics, John
Wiley & Sons, 1986.

S. W. Yuan, Foundations of Fluid Mechanics. Prentice Hall of India Lid.. New Delhi,
1976.

G.K. Balchelor, An Introduciton to Fluid Mechanics, Foundation Books, New Delhi.
004,

A Chorin and A, Marsden, A Mathematical Introduction to Fluid Dynamics
Springer-Vertag, New York, 1993,

LD Landau and .M. Lipschitz, Fluid Mechanics Pergamon Press. London. 1985,

H. Schlichting. Boundary Laver Theory, MeGraw Hill Book Company, New York.
1979,

R Rathy. An Introduction to Fluid Dynamics, Oxford and IBH Publfishing
Company. New Delhi. 1976,

A.D-Young, Boundary Lavers. AIAA Education Series, Washington DC, 1989,

WL Besaat anmd AS Ramsey. A Treatise on Hydromechanics, Part-1l. CBS
Publishers, Dielhi. 188,
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MTHCE-2303: Integral Equations

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required to set nine questions in all.
The first question will be compulsory consisting of seven short questions (2 marks
each) covering the whole syltabus,
In addition. eight more questions will be sel unit-wise comprising twao questions from
each of the four unils, The students shall be required to attempt five questions in all
selecting one question fram cach unit including compulsory question.
Unit: 1.

Definition ol Integral Fquations and their classifications. Figen values and Eigen functions.
Special kinds of Kernel Convolution Integral. The inner or scalar product of two functions.
Reduction to a system ol algebraic equations.  Fredholm alternative, Fredholm theorem.,
Fredholm alternative theorem. An approximate method.

Uinit: 2,

Method of successive approsinndions, Herative scheme Tor {redholm and Voltereea Integral
equations ol the second Kind. Conditions of uniform convergence and unigueness of series
solution,  Somue results about the resolvent Kernel.  Application of iterative scheme 1o
Vollerra integral equations ol the second kind.

Classical Fredholm®s theors, the method of solution of Fredholm cquation. Fredholm's First
theorem. Fredholm™s second theorem, Fredhom’s third theorem.

Unit: 3,

Symmetric: Kernels, Indradhuction, Camples Tilbert space. An o orthanormal system of
functions, Ricse-Fisher theorenn A complete tvo-Dimensional orthonomal set over the
rectangle w- s boes 0 Dundaental properties ol Figenvalues and Ligenfunctions for
symmetric Keenels, Expansion in ciecn tunctions and Bilinear form, Hlbert-Sehmidt theorem

and some immedinte conequenee

Unit: J.

Definite Kerpels and Moo aheorem, Solution ol a0 symmetric lategral - Fyuation.
Approximation ol a geneal 2 leviel (Nol necessarily ssmmetricy by o separable Kernel.
The operator method i the theary ol intesral cquations. Ravicigh-Rits method for linding
the first crgenvaloe,

The Abel atergrad Fyuations Tnversion tornada Tor singolar infezral cauation with kernet of
the type hes)-heo. 0 e 10 Canchiy ™ principal value Tor fnteprals solution ol the Caucly-lype
singufar intesrs! gt Cleed cotonr, anclosed contours and the Riemann-ilberd
problem The Plitbert-ocsie T dntion of the THlbert- Ty pe singudar Intereal equation.



Books Recommended:

I.

2.

R.P. Kanwal, Linear Integral Equations, Theory and Techniques, Academic Press, New
York,

S.G. Mikhlin, Linear Integral Equations (translated from Russian) Tindustan Book
Agency, 190t}

LENL Sneddon, Mised Boundary Value Problems in potential theory, North Holland.
19606.

I. Stakgold, Boundary Value Problems of Mathematical Physics Vol. I, 1T, Mac. Millan,
1969,

M.D. Raishinghania. Integral Equations and Boundary value problems, S. Chand and
Company Pyt Lwd 2007,



MTHCE-2304: Mathematical Statisties

Marks (Theory): 70 Marks (Total): 100
Murks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required to set nine questions in all.
The first question will be compulsory consisting of seven short questions (2 marks
each) covering the whole syllabus,
In addition, eight more questions will be set unit-wise comprising (wo questions from
each ol the four wnits. The students shall be required 1o atlenmpt five questions in all
selecting one question {rom cach unit including compulsory question.
Unit: L.

Random distribution:  prelinsinaries,  Probability  density  function,  Probability models,
Mathematical Lxpectation. Clhebyshev's Inequality: Conditional prohability, Marginal and
conditional distributions, Corrctation coetlicient, Stochastic independence.

Frequency distributions: HBinomial, Poissson. Gamma, Chi-square, Normal. Bivariate normal
distributions.

Unif: 2,

Distributions of function: Saeapling, Translormations of vasiables: discrete and continucus; ¢
& I distributions: Chanee ol criable teehniques Distribution of order: Moment-generating,
function {echnicue: other disteibations and expectations.

Unit: 3.

Limiting  distributions:  Stochastic convergence,  Momenl generating  function, Related
theorems.

Intervalss Random oot Conlidenee itervals Tor mean. dillerences of means and

arianee: Bavesian voetin v,

Clnit: 4.
Estimation & sulTicieney s Point estimation. sulficient siistics. Rao-Blackwell Theorem,

Completeisess. Uniguene Paponenticd PDEC Panetions ol paamicters: Stochastic

independence.

Bools Recommend
Lo Badsoalonnd N Ees T ments o Probability and Statistios, Tt MeGraw Hill,
2o b L Freund: NMatheseatead Stavistics, Preentice 1alb ol T,
OV Hoge and ADED Criiee Introduction 1o Mathomaticad Stiistics, Maxwell
MohTiilan.
108 CoGuplaand VoI, Bapoor;s Fundasisentads of Mathensgical Statistios,
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MTHCE-2305: Advanced Complex Analysis

Marks (Theory): 70 Marks (Total): 100
Marks (Infernal Asscssment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required (o sel nine questions in all.
The first question will be compulsory consisting of seven short questions (2 marks
¢ach) covering the whote syllabus.
[n addition, eight more guestions will be sel unit-wise comprising two questions [rom
cach ol the fenr units. The students shall be required to attempt five questions in all
seleeting one guestion from each unit including compulsory question.
Unit: 1.

Convex functions and Hadamard's three cireles theorem. The Phragmen-Lindelof Theorem
The space of continuous functions C(CGLEY). Arzela-Ascoli theorem., Spaces of analytic
functions. Horwits's theorem. Montel's theorem.

Unit: 2.

Spaces ol meromorphic functions, Riemann mapping theorem, infinite products, Weicrstrass
factorization theorem. Factorization of sine function. Gamma function and its propertics,
functional equation for pamnsa function, Bohe-Mollerup theorem. Reimann-zeta lunetion,
Riemann’s Tunctonal cquation. Puler’s theoren.

Unit: 3.

Runge’s theorem. Mittag-Lelier’s theorem, Analytic continuation, uniqueness of direct
analytie continaation. uniqueness of analytic continaation along a curve, Power series method
of analytic centinnation. Schwarz reflection principle. Monodromy  theorem and its
CONSLUUL IS,

Basic propertics of hasmonic functions, Tarmonic function as a disk, Poisson’s Kernel,
Dyirichlet prablem for o unit dish - Harnack s inequality. Hamack's theorem. Dirichlet problem

for i reefon, Green ™ Perction,

Uit 4,

Pt Tunetions (b o farpeuba Poisson Jensen Termnla The genus and order of an entire
Fueetion, {Tadanend s Bretorization teorem,

The vinee of e omaoue Tanction: Bloeh™ theoren, ittle-Picard  theorem, Schottlky’s
theorem, Montel Ciarahedony theorens., Great Picard theorem

Books Recontmendedd:

Lo Comvay. LR Fonetios ol One comples variables Narosa Publishing, 2000.

LA TV Camples Analysis, MeGraw-1IE Book Company, 1979,

Lo Charehil V] Browns LWL Coniples Vardahles and Applications MeGraw Hill
Pubstishing Company, 10,

Lo Prestiyc TRAC nraduction o Comples Analysis Claredon Press, Orlord, 1990
Fiangehin 10 Bernand Epstein, Clivsical Complex Analysis, Jones and Bartlel
Pubhisher Intcmational T ondon, 1490,

CooDbarons Cosedes e gion Theors s lindustan Book Agencey, Delhi, 1994,



Mark LAblewits and 5. Fokas, Complex Variables @ Introduction & Applications,
Cambridge University 'ress, South Asian Edition, 1998.

E.C.Titehmarsn. The theory of Functions. Oxford University Press, London.
S.Ponnusamy. Foundations of Complex Analysis. Narosa Publishing House, 1997.




MTHCOE-2306: Advanced Mechanics of Solids

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 63 Hours
Total Credit: 04
Note: - .
The examiner is required 1o sel nine questions in all.
The first questim will be compulsory consisting of seven short questions (2 marks
each) covering ihe whole syllabus.
[n additicn. cight more questions will be set unit-wise comprising two questions from
ench of the four anits. The students shall be required to attempt five questions in alf
sclecting one question from cach unit including compulsory guestion.
Unit: 1.

Extension : Extension fheeme bending of beams by own weight and terminal couples.,
Torsion @ Torsion o ey lindricat bars: Torsional rigidity. Torsion and stress functions. Lines
of shearing -ive . Siple problems related o equilateral triangle. grooves: Torsion of
rectangulir hoang, Toraon of wiangular prism.

Unit: 2.
Torsion problems through conformal mapping: Tersion-membrane analogy: Torsion of
Bollow beams, Tori - Caeisropiy Besins: Flesure/bending of circular/ elliptic/ rectangular

beams; Deformets o v sdon Deylindars by laterad Toads,

Unit: 3.

Two dimensional probdems: Plane stress, Generalived plane stress. Alry siress lunction.
General solution of biharmonic equation, Stresses and displacements in terms ol complex
potentials, The «tructore of finctions of ofz) and (). First and second boundary-value
problems in place b0 Uistenee and aniguencess ol the solutions. Basic problem for

circular finit -t vle o ion

Unit: 4,

Three dimens fopal pec! e coneral sohtions: concentrated forees: detormation by normal
toads: The preblen oF Bonssinesg: Flastic spheres pressures. harmonties, cquilibrinm:
Intepration el o b Thermaocketie problems: Vibrations i clastic solids.

Books Recorne e

o LS sokolihatts Mathematical Theory of Fasticity, Tata MeGraw Hill Publishing
Comonny [ uds Hew Delhil 1977,

20N toves A Teeatise on the Mathematival Theory of - Blasticity  Dover
Prblicagion., NMow Yosk.
300 Bone, Powsslationes o Solid Mechanies, Prentice TRl New Delli, 1965,
doo s Chestee - sl and T Debasdthe Continaum Mechanics, Academic Press.
[0,
SooncTeredood oad D Goodier, Theary of Fldicis . MeGimy TTHE New York, 1970,
O 1L b el d e to Salied Aeclianion, Preatice Thabl, New Dethi, 1973,
o & p "/’/
P
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MTHCE-2307: Advaneed Discrete Mathematics

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
FThe examiner is required o set nine questions in all.
The first question will he compulsory consisting of seven short questions (2 marks
each) covering the whole syllabus,
In addition. eight more questions will be se( unit-wise comprising two questions (ron;
each of the four units, The students shall be required Lo atlempt five questions in all
selecting one question from cach unit including compulsory question.
Unit: 1.

Partially ordered sets and lattices, Lattice as an algebraic system. Sublattices, [somorphism of
lattices. Distributive and modular lattices, Lattices as intervals, Similar and projective
intervals. Chains in lattjecs, Zassenhaus™s Lemma and schreier Theoren, Composition chain
and Jordan Holder Theorem,  Chain conditions, Fundamentai dimensionality relation for
modular lattices, Decomposition theory for lattices with ascending chain conditions, i.c.
reducibie and irreducible clements. Independent clements in fattices,

tnit; 2.

Points (atoms) of a fayice. Complemented lattices, Chain conditions and complemented
latlices, Boolean algebras. Conversion of 4 Baolean algebra into 4 Boolean ring with unity
and vice-versa. Direel product o Boolean algebras, Unigueness of linite Boolean igehras,
Boolean functions and Boolean expressions. Application of Boalean algebra (o Swilching
cireuit theory:,

Unit: 3.

Graphs, Konisherg seven bridues probleny. Finife and infinite oraplss, Incidence verey,
Degree ol a vertes. Tvolated and pendant vertices, Nujl graphs, samosphism of arapfis,
Stbgraphs. walks, paths and cirenits, Connected s disconmected araphss Components of g
sraph. Foder graphs. Hamilionian paths s cirenits, e riveling walespn probilem.
Frees and their propertios. Pendan verlices in o tree. Rooted Dty e, Spanning free
and fundamental cireuits, SPANNING tree i weighted vraph.

Uhidgs .
Cutsersand their propertios, Frandamental cireni g citsets: Connectivity ang separabitity,
Networl Tlovws, Plamer sraphs. Kortowshi™s (o eraphs. Representation of planner
graphs. FFoler formuly for planner praphy Veeror sparce assoctated wWitl o praph. iy vectory
ola graph, Cireuit amd cugsel stbspaices Interseetion and Jois oWl W Incidence
niHris A(CH ol g graph Gl Submatrices of ML Clreuit matris, Fundivmentat ¢ireuir mairiy,
el it vk, Cutset nais, path natei andd adjicency matris of ersph,

Baols Recommended:

Lo Narsingh Do, ¢ wiple Theors wilh application po Fosineering amd ¢ arpeler Seicnee,
Prentice Hall of Tndia,
Nathan Tacabaon T ectures in Al Meebra Vel D Nostnd onmpany e,



L

“h

jo

L.R. Vermani, A course in discrete Mathematical structures(Imperial College Shalini
Press London 2011).

I P. Tremblay & R. Manohar; Discrete Mathematical Struetures with Applications 10
Computer Science. McGraw 11ii] Book Cao.. 1997,

Seymouwr Lepschutz: Finite Mathematics (International edition 1983), McGraw-Hill
Book Company, New York.

C. L. Liu: Elements of Discrote Mathematics. McGraw-Hili Book Co.




MTHCTE-2308: Fuzzy Scts and Fazzy Logics

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required to set nine questions in all.
The first question will be compulsory consisting ol seven short questions {2 marks
cach) covering the whole syllabus.
In addition, eight more questions wifl be sef unit-wise comprising two questions from
each ol the four units. The students shall be required to attempl five questions in alf
selecting one question from each unit including compulsory question,
Unit: 1.

Fuzzy Sets: Basic delinitions. r-cuts. stronga-cuts. level set ol a lussy set, support of a
uzzy set, the core and height of a luzszy set, narmal and subnormal vy sets, convex fuszy
sets, cutworthy property, strong cutworthy property. standard fuzzy set operations, standard
complement, equilibrium points. standard interseetion, standard unjon. luzzy set inclusion,
scalar cardinality of a fuzzy set. the degree of subsethood

Additional properties of a-cuts mvolving the standard furzzy set operators amd the standard
fuszy set inclusion, Representation of Rizzy sets, three basic decomposition theorems of
Tuzzy sels Extension principle for [uszy setss the Zedah's extension principle, Images and
inverse images ol iy sets, proolof the fael tha the extension principle is strong cutworthy
hut not cutworthy.

Unit: 2.

Operations on flzzy sets: types ol operations. fuzszy complements, cauitibrium ol a Tuszy
complement. equilibriom  of 4 continuons Tuzzs  complement. 1l and  secand
characterization theorems ol fuzzy complenients

Fuzzy infersections (-norms). standaid sy intersection as (lwe anly tdempotent o,
standard - intersection, algebraic product. bounded difference and drastic intersection as
exmiples ol L-normes, decreasing sencrator, the Psendosinverse ol o decreasing senermtor,
meecasing gencrators and (hel Prseuda-inverses, convertion o) decreasing venerators and
irerensing pencrators to each ather, characterization theoren) of t-norns(statement onlyy,
Fuzzy unions (-conorms ). standard wiion, algebraie sum. hounded st and disstic union as
exanples ol -eonorns, characterization teorem af -conorms (Statenent onlyy, combination
ob operations, ageregation operiiions,

Linit: 3.

Fuzzy nimbers, relation between fzzy mmber and o conves tuszy el characterization of
lazzy nmbers i teems ol s memberdip Tanctions as piccen ise delined functions, fuszy
citdinalily of a Tuszy el using sz nonthers, arithmetic aperittions on fuszy numbhers,
extension ol stndard aritlone(ic aperations on real numbers fo fuzey nuambers, lattice of
luzey numihers, (RONING MAN Y a0 o distriibolive lattice, fusey equtations, ciaation ArN 3,
cquition AN B

Fuzzy Relations: Crisp and Tuzzy relations., projections and ovlindrical evtensions, binary
lzey velations, domain. ranpe i heweht ot o tuszy welation, membership nuatrices, saoittal
dingram. invere ol a lussy relation, comperition ol iz relitions, Gl coniposition,
Was i cempostion, relational jome baany relations o sitede sl divected rrraphe.,
reflesive irretlesive. antirellesive, SYIHICLC s e antisy nnnelee. frtnitive (a



min transitive), non teansitive, antitransitive fuzzy relations. Fuzzy cquivalence relations,
tuzzy compatibitity refations. c-compatibility class. maximal a-compatibles, complete -
cover, reflexive undireeted graphs, fuzzy ordering relations. fuzzy upper bound, fuzzy pre
ordering, fuzzy weak ordering, [zzy strict ordering, furzzy morphisms. Sup-i compositions of
Fuzzy relations, Inf-i compositions of Fuzzy relations.

Unit: 4.

Possibility Theory : Fuzzy measures, continuity from below and above. semicontinuous fuzzy
measures, examples and simple properties; Evidence T heory. beliet measure, superadditivity,
monotonicity, plausibiticy measure. subadditivity, basic assignment. its relation with beliet
measure and plausibility measure. focal element of hasic assignment. body of evidence. total
ignorance. Dempster’s rule of combination, examples: Possibility Theory, neeessity measure.
possibility measure, implications. possibility distribution function, lattice of possibility
distributions, joint possibility distribution. Fuzzy scts and possibility theory, Possibility
theory versus probability theory

Fuzzy Logic: An overview ol classical logic. about logic functions of two variables.
Multivalued logics. Tuzzy propositions.Fuzzy Quantifiers.Linguistic Hedges, Inference lrom
conditional fuzzy propositions. inference [rom conditional and qualified propositions,
inference from unqualilied propositions.

Books Recommended:

fooGo Kbir and B, Yuan - Fuzzy Sets and Fuzzy @ Logic Theory and Applications.
Prentice Hall of India, 2008,
Kwang [ lee, First Course on Fuzzy Theory and  Applications. Springer
International tdition. 2008,
3. LA Zimmerman, Fuzzy St Theory and its Applications, Allied Publishers Lid.. New

Delhi, 1991,
4. John Yeno Resa Langari, Luzzy Logic - Intelligence, Control and Information,

b

Pearson Fducation, (999,
S AWK Bhargava, Fuzzy Set Theory, Furry Logic & rheir Applications, S. Chand &

Company Py Lwl, 2003, .



MTHCE-2399: Information Theory

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
‘The examiner is required (o set nine questions in all.
The first question will be compulsary consisting of seven short questions (2 marks
each) covering the whole syilabus.
In addition, eight more questions will be set unit-wise comprising two questions from
each of the Tour units. The students shall be required Lo attempt five questions in alf
selecting one question trom cach unit including compulsory question.
Unit: 1.

Measure of Information — Axioms for a measure of uncertainty. The Shannon entropy and its
propertics, Joint and conditional entropics, Transformation and its propertics.

Noiscless coding - Ingredients of noiscless coding problem, Uniquely decipherable codes.
Necessary and sufficient condition for the existence of instantancous codes, Construction of
optinmal codes.

Unit: 2,

Diserete memoryless Channel - Classilication ol channels, Information processed by &
chanael, Caleulation of channel capacity, Decoding schemes, The ideal observer, The
fundamentat theorem of Information 1 heory and s strong and weak converses,

Unit: 3.
Continvous Channels — The time-diserete Gaussian channel. Uneertainty of an absolalely
continoous random variable, The converse to the cading theorem for time-diserete Gaussian
channell The time-continuous Gaussian channel. Band-limited channels,

Unit: .

Some imuitive properties ol a meastre ol entrapy Symmetry, normadization. expansibitity,
boundedness, recursivity, maximality o stabiling. additivity, subadditivity, nonnepativiey,
cantinmifts. bratchms cle.

Books Recommended:
Lo RO Ashs Itormadion Theory, Interscience Poblishers. Now York, Tuns,

2o B M Rezas Anintroduction to infarmation Fheory, MacGraw-1ill Book Company
v, (961

Lo Acsel and /0 daroess s On mcasties off mlormation and their characterization,
Acadermie press, new York

- Y4



MTHCE-2310: Difference Equations

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: (4
Nole: -
The examiner is required 1o set nine questions in all.
The first question will be compulsory consisting of seven short questions (2 marks
each) covering the whole syllabus.
In addition. eight more questions will be sel unit-wise comprising two questions from
each of the tour units. The students shall be required to attempt five questions in all
selecting one question from each unit including compulsory question.
Unit; 1.

Introduction, Dillerence Caleulus- The Dilference Operator,  Summation, Generating
lunctions and approximate summation.

Unit: 2.

Linear Diflerence I'quations - First order equations, General results for linear equations,
Fquations with constant coefficients, Applications. Eguations with variable coelTicients.
Nonlinear equations that can be linearized. The 7- Transtorm

Unit: 3.
Stability Theory - Initial value problems for lincar systems, Stability of lincar systems.
Stability of nonlincar systems. Chaotic behaviour,

Unit: 4.

Asymptotic methods Introduction. - Asymptotic analysis of sums. Lincar cquations,
Nonlincar equations,

The self-adjoint secomd order linear cquation,  Introduction,  Sturmian Theory, Green's
functions, Disconjugacy. The Riceati Fguations. Oseillation.

Books Recommended:
o Walter Golelley and €. Allan: Peterson-Dilierence | quations, A Introduction with
Applivations. Acudemic Press e, Harcourt Brace Joranoy ich Publishers, 1991,

o Calvin Ahlbrandt and ¢ Allan: Peterson, Diserete flamilionian Systems, DilTerence
Fquations, Continucd Fractions ad Riceal Fquations, Kluwer, Boston,



MTHCE-2311: Financial Mathematics

Marks (Theory): 70 Marks (Total): 100

Marks (Internal Assessment): 30

Note: -

Time: 03 Hours
Total Credit; 04

The examiner is required to sel nine questions in ali.

The first question will be compulsory consisting of seven short questions (2 marks
each) covering the whole syllabus.

In addition, eight more questions will be set unit-wise comprising (wo questions from
each ol the four units. The students shall be required to attempt five questions in all
scleeting one question from cach unit including compulsory question.

Unit: 1.
Fundamentals of Financial Mathematics.
Asset Price Model.

Unit: 2.
Black-Scholes Analysis
fartations on Black-Scholes models.

Unit: 3.

Nunmierteal Methods
American Option
Fxotic Options,

{Igif: 1.

Path-Dependent Options

Bonds and Interest Rate Derivalives
stochastic caleulus,

Books Recommended:

[P Y

=

Financind Mathematios: IUiang Chern Department of Mathematios, National [ aiwan
Uhniversity

Sheldon M. Ross: Ao Introduction 1o Mathematical Finmee, € ambridge Univ, Press.
Robert L Eliotr asd P FRkehard Kopp. Mathematies of Financial Markets, Springet-
Verfag. New York Ine.

Robert ¢, Marton, Continuous- Fine Finanee, Basil Blackwell Ine.

Daykin .12 Pentikainen T, and Pesonen M., Practical Risk Theory tor Actuaries,
Chapman & Fall,



MTHCE-2312: Number Theory

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: (3 Hours

Total Credit: 04
Note: -

The examiner is required to set nine questions in all,
The first question will be compulsory consisting of seven shorl questions (2 marks
each) covering the whale syllabus,
In addition. eight more questions will be set unit-wise comprising two questions from
each of the four units. The students shall be required to atlempt live questions in all
sclecting onc question from each unit including com pulsory question.

Unit: 1.
The equation ax+by = ¢, simultancous lincar cquations. Pythagorcan triangles. assorted
examples, ternary quadratic forms, rational points on curves,

Unit: 2.

Farey sequences. rational approximations. Hurwitz theoren. ireational numhers, Geometry of
Numbers, Blichfeldts principie, Minkowski®s Convex body theorem Lagrange’s four squarc
theorem.

Uinit: 3,

Fuclidean algorithm, infinite continued fractions, irrational numbers, approximations to
irrational numbers, Best possible approximations. Periodic continued fractions, Pell's
cquation.

tinit: 4,
Partitions, Ferrers Graphs, Formal power series, generating functions and Buler's identity,
Fuler’s formula, bounds on Py, Jacobi™s formula, a divisibitits property.

Books Recommended:

Lo An ntroduetion to the Theory of Numbers: fvan Niven. lerbert S, Zuckerman, Hugh
L Montgomers . Jolin Wiley & Sons(AsinPvt i, (Fifih Fdition)




MTHCE-2313: Wavelct Analysis

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required to sel nine questions in all.
The first question will be compulsory consisting of seven short guestions (2 marks
each) covering the whole syllabus.
In addition. eight more questions will be set unit-wise comprising wo questions from
each of the four units. The students shall be required to altempt live questions in all
selecting one question from cach unit including compulsory question.
Unit: 1.

Fourier Transform: The finite Fourier transtorn. the cirele group T, convolution to T, (Lt
(F).+*} as a Banach algebra, convolutions to products. convolution on I the exponential
forny ol Lebesgue's theorem, Fourier transform - (rigonometric approach, exponential form.
Basics/examples,

Fourier transform and residues, residue theorem Jor the apper and tower hall planes, the Abel
kernel the Fourier map. convolution on R, inversion, exponential form. inversion,
trigonometric form. criterion for convergence. continuous analogue of Dini’s theorem.
continuous analogue of Lipschitz s tost. analogue ol Jordan’s theorem.

Unit: 2.
(C.1Y summability for integrals, the FFejer-lebesgue inversion theorem.the continuous Fejer
Kernel, the Fourier map is not onto. a dominated inversion thearem, criterion lor integrability

of £ Approximate identity for L1l Fourier Sine and Cosine teansforms. Parsevals ilentities,
the T theory, Parseval's identities [or L. inversion theorem for L functions, the Planchere]
theorem. A sampling thearem, the Mellin translorn. variations,

Uinit: 3.

Discrete Fourier transform. the DEL in matris Torm. inversion theorem Tor the DET. DT
map asadinear bijection, Parseval™s identities.cyelic convolution, Fast | ourier Wnslorm for
N ' Buneman's Algorithm  VFT or NCRCFET Tactor torm,

Unit: 4.

Wavelets T orthonormal basis trony one Tunetion . Multiresolution Anulysise Mother wivelers
viekE Wavelelr bases, Haar wanvelets, from MR A 1o Mother waveler, Mother wavelet theorem,
canstruction ol sealing function with compact supporte Shannen wavetets, Ricss basis and
MRAs Franklin wavelers, Trnnes, splines, the continuous wavelel (ranstorm.

Books Recommended:

oG Bachoan, L. Nariei and 1) Bechensteqn - Foueier amd Wivele Analvsis, Springer,
DU,

Lo Hernandes and GOWeiss s A Tieat conrse on wavelels, CROC Pross, New York, [99g

LU Clnis Ao friieodoetion 1o Wavelers, Acideniic Pross, 09

Ao b Danbeehios o Ten Tectures on wavelels, CBAS NES Revtonal Conterences in
Applicd Mathematics, 61, STANL [uu)

l
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V. Meyer. Wavelets. algorithms and applications SIAM. 1993

M.V, Wickerhauser: Adaplted wavelet analysis  [rom theory (0 software.
Wellesley,MA, A.K. Peters, 1994

D. F. Wainut: An Introduction to Wavelet Analysis. Birkhauser, 2002

K. Ahmad and F.A. Shah: Introduction to Wavelets with Applications. World
Education Publish.



MTHCC-2401: Functional Analysis

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required to set nine guestions in all.
The lirst question will be compulsory consisting ol seven short questions (2 marks
cach) cavering the whole syllabus.
[ addition, eight more questions will be set unit-wise comprising two questions {rom
cach ol the tour units, The students shall be required to attempt live questions in all
sclecting one question from each unit including compulsory question,
Unit: 1.

Normed Hincar spaces, Banach spaces. finite dimensional normed spaces and subspaces,
cquivalent norms. compactness and finite dimension. F.Riesz's lemma. Bounded and
continuous lincar operators,  differentiation operator. integral operator. bounded  fincar
extension, Tincar fuactionals. bounded lincar functionals. continuity and  houndedness.
normed spaces of operators, dual spaces with examples.

Units 2.

Hahn-Banach theorem for normed linear spaces. application 1o bounded linear functionals on
Clab]. Riesz-representation (leorem Tor bounded  linear functionals on Clah] adjoint
operatar, norm ol the adjoint operator.Reflexive spaces, uniform boundedness theorem and
some of s applications o the space ol polynomials and Tourier series,

Uinit: 3.

Strong ad weak convergence, Open mapping theorem, hounded inverse theorem, chosed
lincar operators, closed graph theorem. dilterential aperator, relation between closedness i
boundedness ol a lincar operator,

lner product spaces, Flilbert spaces and their examples, pythagorean theorem, Apalloniu’s
identity. Schwarz inequality. continnity ol innerproduct. completion of an inner product
spatce. subspace of @ Tilbert space. orthogonal complements and direct sums., prajection
theoren. characterization ol sets in hilbert spaces whose space is dense,

Hnil: 4,

Orthonormal sets and sequences. Bessel™s inequaling. series related o orthonormal seguenees
and sels otalteompletey orthonormal sets and sequences. Parseval s identity, separable
Helbert spaces Representation ol functionats on Tilbert spaees, Riesz representation theorem
lor bounded Tinear tunctionals on o Hilbert spoce. sesguilinear Torms Riess representation
theorem for botnded sesquilinear forms on a HHilber space.

Hilbert adjoint operator, its existenee and unigueness, propertios of Hilbert adinint operators,
selCadjoint, unitary , normal, positive and projection operators.

Books Recommended:

Lo Torexssees Intraductors Functional Analyar, it Applications, fohn Wiley il

S New York, 978,
LotebSimmons: Tntrodaction o Tapaloes and NModern Anabysis, MeGiras THIT Bouk

Col New Yaork, 1963,

L 'd}cjl A v
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L

C. Goffman and G. Pedrick: First Course in Functional Analysis. Prentice Hall of
[ndia, New Delhi, 1987.

G. Bachman and L. Narici, Funetional Analysis. Academic Press, 1966,

L.A. Lustenik and V.J. Sobolev, Elements of Functional Analysis, [Hindustan
Publishing Corporation, New Dethi, 1971,

LB. Conway: A Course in Functional Analysis, Springer-Verlag, 1990,

P.I<. Jain, O.P. Ahuja and Khalil Ahmad: Functional Analysis, New Age
International(P) Ltd. & Wiley Fastern Ltd.. New Delhi, 1997,



MTHCC=-2402: Partial Differential Equations

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required to set nine questions in all.
The first question will be compulsory consisting of seven short questions (2 marks
each) covering the whole syllabus.
In addition, eight more questions will be set unit-wise comprising two questions from
each of the four units. The students shall be required to attempt live questions in all
selecting one question from cach unit including compulsory question.
Unit: 1.

Partial Differential Equations (PDE) of k™ order: Definition, examples and classifications.
Imtial value problems, Transport cquations homogencous and non-homogencous, Radial
solution of Laplace’s Equation: Fundamental solutions. harmonjc functions and their
propertics, Mean value Formula.

Poisson's cquation and its solution. strong maximum prineiple, unigueness. local cstimates
lor harmonice functions. Liouville™s theorem. Harnack s inequality,

Unit: 2.

Green's funclion and its detivation, representation Tormula using Green's lunction, symmelry
of Green's function. Green's Tunction for a hall space and for a unit ball. Energy methods:
uniqueness, Drichlet’s principle,

Heat Equations: Physical interpretation, fundamental solution, Integral of Tundamental
solution. solution of initial value problem. Dulzmel's principle. non-homogencous heat
equation, Mean value formula for beat equation, strong maximum principle and unigqueness.

Enerey methods.

Unit: 3,

Wave cquation- Physical  interpretation, solution Tor one dimentional waye cqtaation,
D" Alemberts Tormuta and its applications, Refleciion method. Solution by spherical means
Fuler-Potsson Darboux cquation. KirehhofUs wd Poisson’s formuta (forn 2.3 only).
Solution of ien homogencous wave cquation lor o 123, Foergy methed. Uniqueness of
solution. Tinite propagation speed ol wave cquation.

Non-lmear first order PDE- complete integrals, vinvelopes, Characteristics ol (i) lincar, (i)
qguasilinear, (i) Tulls non-lncar Tirst order partial differential cquations. Hamilton Jacobi

cyuations,

Elnif: 4,
Other ways to represent solutions: Method af Separation of vaziables for (he 1lamilton Jacobi

cquattions, Eaplace, ieat and wave equatione, Silarity solutions (Plane and (raveling waves,
solitones, similarity under Sealing ).

Fourier Transform, Taplace Transform, Convertible nor lincar into linear PO Cole-ltop
Franstorm, Potentisd fimctions, Hodograph and [ ependee transtorms, Lagrange and Charpit

el hescls,,
. H A



Books Recommended:

1. L.C. Evans, Partial Differential Equations, Graduate Studies in Mathematics.
American Mathematical Society. 2014,

2. LN. Snedden, Elements of Partial Differential Equations, International Edition,
McGraw-Hill, Singapore, 1986.
3. John F. Partial Differential Equations, Springer-Verlag, New York, 197].

4. T. Amarnath, An Elementary Course in Partial DilTerential Equations. Jones &
Bartlett Publishers, 2009.

5. P. Parsad and R. Ravindran. Partial DifTerential Equations. New Age / Inlernational
Publishers, 2005,




MTHCC-2403; Com puter Programming in MATLAR

Marks (Total): 100
Total Credit: 04

Solution of the following problems based on following Numerical Methods through
MATLAB :

[, Solutions of simultaneous linear equations: Gauss-elimination method; Gauss-Jordan
method: Jacobi method; Gauss-Seidel method.

2. Solution of algebraic / transcendental equations; bisection method; regula-falsi
method; secant method: Newlon-Raphson method: Muller method; Chevyshey
method.

3. Inversion of matrices: Adjoint matrix method: Jordan method.

4. Interpolation: Lagrange interpolation: Newton interpolation; Hermite interpolation.

5. Numerical differentiation: methods based on i) Interpolation, i) finite difference
operators, iii) undetermined coeficients.

0. Numerical integration: Composite methods based on trapezoidal rule. Simpsoni/3
rule and 3/8 rule: Rom berg method.

7. Solution of ordinary ditferential cquations: Euler methods: Runge-Kutta methods:
predictor-corrector methods.

8. Statistical problems on central tendeney (mean. mode, median) and dispersion
tstandard variation, standard error),

9. Least square method 1o (it polynomial (curve) ol given degree 10 given function (data
set).

PO, Plotting of special functions.

Books Recommended:
. Numerical methods Tor scientilic and ergineering computation, (MK Jain,
SRK Tyengar, RK Jain). Wiley Eastern 1d, N, Delhj (1984).

LOMATLAB Primer, Sevenih Fdition, (Timothy A. Davis, Kermit Sigmon).
CHAPMAN & HALL/CRC

- [
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MTHCE-2404: Mathematical Aspect of Seismology

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required 1o sef nine questions in all,
The first question will be compulsory consisting of seven shor questions (2 marks
each) covering the whole syllabus.
In addition, eight more questions will be sel unit-wise comprising two questions from
each of the four units. The students shall be required to attempl five questions in all
selecting one question from each unijt including compulsory question.
Unit: 1.

Waves: General form of progressive waves. Harmonic waves, Plane waves, the wave
cquation. Principle of superposition. Progressive types solutions of Wave equation. Stationary
type solutions of wave cquation in Cartesian, Cvlindrical and Spherical coordinates systems.
Lquation of telegraphy, Exponential form of harmonic waves, D" Alembert’s formula,
Inhomogencous wave cquation. Dispersion: Group velocity, relation between phasc velocity
and group velocity.

Unit: 2,

spherical waves, Lixpansion of a spherical wave into plane waves: sSommerlield's integral,
Kirchof1"s solution of the wave cquation, Poissons’s formula, Hetmhaltzs formula,
Introduction to Seismology: Farthquakes, Location of cartheuakes. Causes of Farthquakes,
Observation of Farthquakes, A ltershocks and Foreshocks. Farthquake magnitude, Seismic
moment. Energy released by carthquakes, Interior structure of the Farth,

Unit: 3.

Reduction ol equation of motion 1o wave cquations. P and S waves and their characteristics.
Polarization of plane P and S waves. Snell's fase of reflection and refinetion, Reflection of
plane P and SV waves at o liee surlace, Partition of retlecied coerey. Reflection wt eritical
angles.

Reflection and relracton of Planc PUSY and SH o waves at an interfaee. Special cases of
Lrquid-Liquid interface, | iquid-Solid intertace and Solid-Solid interface.

Unif: 4,

Two dimensional Tamb's problens inan isoliopic clastic solid: Area sourees and Line
sotrees inan unlimited elastic solid. A hortial foree acts o the surlitee of g semi-infinite
clastic sofid, tangential forees acting on e surface of a semi-inlinie clastic solid.

Fhree dimensional amb, problems in anisotropic clastic solid: Arca or Volume sourcey
and Point soarves inoan anlimited elastic sulid Area or Volume source s Poit source on
the surlice of semi-inlinite climtic solid, Surefiice waves: Ravfeiph swaves, Love waves and
Stoneley wives,

Books Recommended:

Lo CACConlson and AL Tefteres . Wairves, Longmun, New Yark, (977,
M Bath, Matfematicnl Aspects al Seismotopy | 1 leyvier Publishing Company, 1968,



W.M. Ewing, W.S, Tardetzky and F. Press. Elastic Waves in Layered Media. MeGraw
Hill Book Company. 1957.

C.M.R. Fowler, The Solid Earth, Cambridge University Press, 1990

. P.M. Shearer, Introduction to Seismology, Cambridge University Press,(UK) 1999,

. Jose Pujol. Elastic Wave Propagation and Generation in Seismology. Cambridge
Lintversty Press, 2003.

Seth Stein and Michael Wysession, An Introduction to Seismology, Earthquakes and
Farth Structure, Blackwell Publishing I.td.. 2003.

Aki, K. and P.G. Richards, Quantitative Seismology: theory and methods, W.H.
Freeman, [980.

Bullen, K.E. and B.A. Boll, An Introduction to the Theory of Seismology. Cambridge

Universty Press, 1985,

\[;
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MTHCE-2405: Operation Research

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 36 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required (o set nine questions in all.
The Tfirst question will be compulsory consisting ol seven short questions (2 marks
each) covering the whole syllabus.
In addition, eight more questions will be set unit-wise comprising two questions from
each of the four units. The students shalt be required 1o attempt [ive questions in all
sclecting one question from cach unit including compulsory question.
Unit: 1.

Operation Research and its Scope. The  lincar programming (LP) Problem. General
formulation of LP problem, Graphical solution of LP problems. Slack and Surplus variables.
Theory and application of Simplex Method to LP problems. Charne’s M-technique, Two
phasc mcthod, degeneracy. alternative optima, unbounded solutions and infeasible solutions.

tinit: 2,

Duality — Definition of dual problem, relation between optimal primal and dual solutions.
Dual simplex method. Basic duality theoreny, Fundamental duglity theorem. Existence
Theorem. Complementary slackness theoren,

Unit: 3.

Transportation problems, [easible, basic feasible and optimum solutions. lnding initial basic
feasible solution: North West corner rule and Vogel approximation method  (VAM),
Optimum solution u-v method, Degeneracy. Balanced and Unbalanced problems. Assignment
problem: Hungarian method, Traveling-salesman problem. Game Theory  Two-person zero
sume games, Games with mixed strategies, Minimum and maximum principle. Game with
sicddle point, Rule of dominence. Graphical solution, Sofution by lincar programming,

Uinit: 4.

Tob Sequeneing: Terminology and Notations, Principle assumptions, Solution of seqiencing
problem, Processing of 0 jobs throngh two machines, Johnson's Algorithm for n jubs two
prachines, Processing of njobs through o machines. Unconstraint optimization, Constrained
multivariables optimization, Tanguage muliiplice methed, Nontinear [rogramming method,
Kuhn Tucker conditions of optimality, Graphical method.

Boolis Recommended:

[0SO HHHer and G 3 Eicherman: ntroduction to Operations Resvarch (Sixth Fdition),
MoGiraw THH international Pdition, industeial Fngincering Series, 1995,

2 G Hadley: Lincar Progranmning, Narosq Pubtishing House, 1995,

G Hadlys Nonlinear and Dynamic Programming, Addison-Wesley, Reading Mass,

Lo A Tahar Operation Rescarch An introduction, Macmillan Publistiing Co, Tne..
New York,

S IandE Swarap, PR Guptaand Man Mohan: Operations Researeh, Sultan Cland &
Sans, New Delhi.

—



MTHCE-2406: Advanced Fluid Mechanies

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 63 Hours
Total Credit: ¢4
Note: -
The examiner is required Lo sel nine questions in all.
The first guestion will be compulsory consisting ol seven shorl questions (2 marks
each) covering the whole syllabus.
In addition. eight more questions will be set unit-wise comprising two questions from
each of the four units. The students shall be required to attempt five questions in all
selecting one question from each unit including compulsory question.
Unif: 1.

Two—dimensional inviscid incompressible flows: Stream function, Irrotational motion in two
and three dimensions. Image system of'a source, sink and doublet.

Complex velocity potential. Thomson-cirele theorem. Two- dimensional irrotational motion
produced by motion of ¢ircular cylinder.

Unit: 2.

Fwo dimensional motion produced by the motion of cylinder of arbitrary uniform cross
section in an infinite mass of liquid al rest at infinity. Motion due to elliptic cylinder in an
infinite: mass ol Jiquid. Kinetic energy ol liquid contained in rotating elliptic cylinder,
circulation about eliiptic cyvlinder.

Theorem of Blasius. Theorem of Kutta and Joukowski, Kinetic energy of a eyelic and
acycelic irrotational motion. Axis=svmmetric flows, Stoke's stream function, Stoke’s stream
[unctions of some basic Tows.

Linit: 3.

Three- dimensional motion: Motion ol a sphere through a liquid at rest at infinity. |iquid
streaming past o Tised sphere. Equation ol motion a sphere. D' Alembert’s paradox, impulsive
motion, initial niotion of Tiguid contained in the intervening space between two concentric
spheres.

Unit: J.

Vortex mation and its clementary properties. Kelvin's prool of permanence. Mations due 1o
ciretular and reetilinear vortices, Infinite rowes ol line vortices.

Dynamical sinfarity. Buekingham pi-thearem, Reynokls number. Prandt!™s boundary layver,
boundary layer equations in two dimensions. Blasins solution Boundary layer thickness.
Displacement thickness, Karman integral conditions, separation of houndary layer.

Looks Recommended:

I WL Besant and ALS, Ramiseys A Treatise on Hydromechanics, Part-11, CBS
Publishers, Delbi, TORE,

20 E o Chorlton: test-hook of Pluid Dyonamics, C.B.S. Publishers, Dethi, 1985,

Michael 1.0, Netlland £ Chorlton, Ideal and tacompressible Pluid Dynamties, John

Wilew & Sons, 1980,

AooN0 W Yaan, Voundations of Fluid Mechanies, Prentice Hall of Tdia Lid., New Delhi,
1976,



4

0.

CLK. Batchelor, An Introduciton to Fluid Mechanics. Foundation Books, New Delhi.
1904,

Ad. Chorin and A. Marsden, A Mathematical Introduction to [luid Dynamics
Springer-Verlag, New Yark. 1993,

[..DD. Landau and F.M. Lipschitz, Fluid Mechanics Pergamon Press. London, 1985,

H. Schlichting. Boundary Layer Theory, McGraw Hill Book Company, New York,
1976,

R.K. Rathy. An Introduction to Fluid Dynamics. Oxford and IBIT Publishing
Company, New Delhi. 1976,

10. A.D. Young, Boundary Layers. AIAA Education Series, Washington NDC. 1989,



MTHCE-2407: Boundary Value Problems

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required to set nine questions in all.
The first question will be compulsory consisting of seven short questions (2 marks
each) covering the whole syllabus.
In addition, eight more questions will be set unit-wise comprising two questions from
cach ol the four units, The students shall be required to altempt five questions in all
sclecting one question from cach unit includin g compulsory question.
Unit: 1,

Applications to Ordinary Differential Equations: Initial value problems, Boundary Value
Problems. Dirac Defta functions. Green's function approach to reduce boundary value
problems of a sclf-adjoint-diftferential cquation with homogencous boundary conditions 10
integral cquation forms.  Green's function for n™ order ordinary differential equation,
Moaodified Green's function.

Unit: 2,

Applications (o partial difTerential equations: Integral representation formulas lor the solution
ol the Laplace and Poisson Hquations, ‘Phe Newtonian, single-layer and double-layer
potentials, Interior and Exterior Dirichlet problems, Interior and Exterior Neumann problems,
Green’s [unction for Laplace’s equation in a free space as well as in a space bounded by a
ground vessel. Integral equation formulation of boundary value prolems for Laplace's
equation. Poisson’s Integral formula. Green's function for the space bounded by grounded
two parallel plates or an infinite circular cylinder. The Helmholtz equation.

Unit: 3.
Integral  Transformy methods:  Introduction,  Fourier  tanstorn, Laplace transtorn:.

Convolution Integral.  Application to Volternra Integral Fquations with convolution-type
kernels. Hilbert tanslonm,

Applications 1o mixed Boundary Value Problems: Two-part Boundary Value problems.
Phree-part-Bonndary Value Problems. Generalized Three-part Boundary Value problems.

Einit: 4.

[ntegeal equation perturbation methods: Basice procedure, Applications to Eleetrostatics. 1.ow-
Reynolds-Number Thdrodynamics: Steady stokes Flow, Boundary elfeets on Stokes tlow,
Longitudnal oscillations ot solids in- stokes Flow, Steady Rotary Stokes Flow, Rotary
Oscillations fy Stokes: Flow, Rotary: Oscillation in Stokes Flow, Oseen Flow-Transtation
Motion, Oseen Flow-Rolars - motion Elasticity, Boundary effeets, Rotation, Torsion and
Rotary Oscillation problems in elasticity, crack problems in elasticity, Theory ol Diffraction.

iTooks Recommoended:

Lo RaPanwall Tincar Integral Fyguations, Theory e Fechniques, Academic Press.,

New Yaorl,
2o SCEMIRN Einear Integral Bguations (enstated rom Russiany Hindustan ook

Apcney, 1900, ) )
o _,}{ )

N



[.N.Sneddon. Mixed Boundary Value Problems in potential theory. North Holland.

1966. :
I. Stakgold. Boundary Value Problems ol Mathematical Physics VolI, 11, Mac.

Millan, 1969.
M.D. Raishinghania. Integral Equations and Boundary value problems, S, Chand and

Company Pvt. Ltd. 2007 \&/’



MTHCE-2408: Algebraic Topology

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 3 Hours
Total Credit: 04
Note: -
The examiner is required Lo set nine questions in all.
The first question will be compulsory consisting ol seven short questions (2 marks
each) covering the whole syllabus.
In addition. eight more questions will be set unit-wise comprising two questions from
each of the lour units. The students shall be required Lo atlempt five questions in all
selecting one question from each unjt including compulsory question.
Unit: 1.

Fundamental Groups functions, homotopy of maps between topological spaces, homotopy
equivalence, contractible and simply connected spaces, fundamental groups of S' and §' * §°
ete. caleulation of fundamental group of 8" n > | using Van Kampen’s theorem, fundamental
groups of a topological group.

Unit: 2.

Brouder's fixed point theorem. fundamental theoren of alacbra, veetor fields on planar sets.
Frabenius theorem for 3#3 matrices.

Covering Spaces. unigue path lilting theoren, covering homotopy  theorems, group of
covering transfornutions,

Unit: 3.

criterion of lifting of maps in terms of fundamental groups, universal covering, ils existence,
special cases o manifolds and topological groups, Singular homology, reduced homology,
Eilenberg Steenrod axioms ol homology (Statement only) and (heir application, relation
between fundamentad wroup and first homology .

Unit: 4.

Caleulation of homology of 8™ application spheres, veetor fields, Mayer Victoris sequence
and its application o calealation of homology of graphs, wores and cornpact surface of genus
e collared pairs, construction o spaces, by attaching ol cells, spherical complexes with
examples of 8" r-leaved rose, torus, R, CPY ere,

Books Reconsmmended:

LoD R Muakers: Topolopy, Prentice Hall ol Tidia,

2 Mo Greenberg and LR Harper: Atgebraic Topalopy, Addison Wesley.
3o WOR Messey: A basic course in Algebrie Fopology. Springer,

4o AL Hatehers Algebraic Topology, Cambridae Lintversity Press,



MTHCE~2409: Analytic Number Theory

Marks (Theory): 70 Marks (Total): 100
Marks (Infernal Assessment): 30 Time: 03 Hours

Total Credit: 04
Note: -

The examiner is required Lo sel nine questions in all.
The first question will be compulsory consisting of seven short questions (2 marks
each) covering the whole syllabus.
In addition. eight more questions will be set unit-wise comprising two questions from
each of the four units. The students shall be required to attempt {ive questions in all
seleeting one question from cach unit including compulsory question.

Unif: 1.

Arithmetical functions . Maobius function, Eufer totient function. relation connecting Mobius
function and Culer totient function. Product formula for Euler totient function. Dirichlet
product of"arithmetical functions. Dirichlet inverses and Mobius inversion formula, Mangoldt
function, multiplicative functions, Multiplicative functions and Dirichlot multiplication.
foverse of completely  multiplicative  function,  Liouville's  function,  divisor tunction,
generalized convolutions, Formal power-series, Bell series of an arithmetical function, Bell
series and Dirichlet multiplication, Derivatives of arithmetical functions, Sclberg identity.
Asymplotic equality of functions, Fuler's summation formula. some clementary asymplotic
formulas, average order of divisor Tunctions, average order of Fuler (wtient function,

Unit: 2.

Application Lo the distribution of Tattice points visible from the origin, average order of
Muobius function and Mangoldt lunction, Pactial sums of a Dirichlel Product, applications o
Mabius function and Mangoldt function, Legendre™s identity. another identity for the partial
sums of a Dirichlet praduct. Chebyshey's functions, Abels identity, some cquivalent foems
ol the prime number theorem, lnequalities for xin) and P, Shapiro™s Tauberian theorem,

( | }
Applications of Shapiro™s theoren An asympiotic formuda for (he partial sumse =87

Partial sums ol the Mobins limetion, Briel sketeh of an elementary prool of the prime
nomher theorem: Selberg’™s asynptotic formula,

Linit: 3.

Flementars propertics ol groups, canstruction ol subgroups. chameters of linite abelian
sroupse the character gronp. orthoponality relatons Tor chatacters, Dirichlel characers,
Sms-invalving Divichlet chiaracters, Nonvanishing of 1.1, tor real nonprincipil 7,
Divichiets theorem for primes of the forn o= and e, Dirichlers theorenn, Functions
periodic modulo Ko Txistence of diite Fourier series for periodic arithmetical functions.

o d

Ramanujan™s som and peneralizions, multipticative propertivs ol the soms S* (). Gauss
s assocgisted with Divichier characters, Divichler characters with nonvamishing Gauss
st Induced modutiand primitive characters, properties of indoeed modoli condoctor ol a
character: Primitive: characters sind separable Gaes soms, Fiaile fourier series ol the
Drivichlet characters, Polva™ inequadits for the partial sunes of prinitive characier,



Books Recommended:
. Tom M. Apostol, Introduction to Analytic Number Theory,

]\/;
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MTHCE-2410: Algebraie Coding Theory

Marks (Theory): 70 Marks (Total): 100
Marks (Infernal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required to sel nine questions in all,
The first question will be compulsory consisting of seven short questions (2 marks
each) covering the whole syliabus.
In addition, eight more questions wilf be sel unil-wise comprising (wo questions from
each of the four units. The students shall be required to altempt live questions in all
scleeting one question from cach unit including compulsory question.

Unit: 1.

Block Codes. Minimum distance of a code. Decoding principle of maximum likelihood.
Binary crror deteeting and error correcting codes, Group codes. Minimum distance of'a group
cade (m. m+1) parity cheek code. Double and triple repition codes. Matrix codes, Generator
and parity check matrices. Dual codes, Polynomial codes. Exponent of a polynomial over the
binary ficld. Binary representation of a number. Hamming codes. Minimum distance of a
Hamming code.

Unif: 2.

Finite lickls. Construction of finite fields. Primitive clement of a finite ficld. [rreducibility of
polynomials over finite fields. lereducible  polynomials over [inite fields. Primitive
polynamials over finite fields. Automorphism group o GE(Q"). Normal basis of Gl The
number olirreducibie polynomials over a finite licll. The order of an irreducible polynomial,
Generator polynomiat ol a Bose-Chaudhuri=locghenghem codes (BCTI codes) construction
al BCH codes over (inite lickds.

Unit: 3.

Eincar codes. Generator matrices of lincar codes. Fquivalent codes and pernilaiion matrices,
Relation between generator and parity-cheek matrix of a linear codes over a linite ficld. Dual
code ol a dincar code. Self dual codes, Weight distiibution of o lincar code. Weight
cotieritter o - lincar code, Hadamard transtorm, Macwilliams ientity Tor hinary lincar
coles.

Maxinmmr - distitee sepasable codes. (MDS codes). Examples of MDS eodes.
Characterization ol MIIS codes in tenms of sencrator and parity cheek matrices, Dual code of
A MDS cades Frivial MDS codes. Weight distriibution of a MDS cade. Number of code words
af mimimuam distance d in a MDS cade. Reed soloman codes.

Unif: 4,
Fladamard matvices, Fistence of o adamard mateis of order n, Hadamard codes from
Hadanrd matrices Cyelic codes. Generator polynomial of a eyelic code. Cheek polynomial
ot a cyelic code, Equivalent code and duat code ol 2 eyelie code. ldempatent pencrator of g
eyelic codes Tamming and BOUH codes o evelic codes, Perfeet codes, The Gilbert-varsha-
move and Plotkin bounds, Selt dual hinasy evelie cades.
Baoks Recommended:

ELRC Vermants Flements ol Alpebraic Coding Theory {Chapman and [l

Muthematics).
T Steven Roman, Cading and tnformation Fheory {Sprineer Verlay)



MTHCE-2411: Control Theory

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credit: 04
Note: -
The examiner is required to set nine questions in all.
The first question will be compulsory consisting ol seven short questions (2 marks
each) covering the whole syllabus.
In addition, eight more questions will be set unit-wise comprising two questions from
each of the four units. The students shall be required 10 attempt five questions in all
selecting onc question from cach unit including compulsory question.
Unit: 1.

Concept of control systems, definition and examples, open loop and closed loop systems.
Continuous time systems and Laplace transformations, Discrete time systems and z-
transforms, Transfer functions. Solution of uncontrolled systems (spectral form, exponential
matrix. repeated roots),

Unit: 2.

solution of controlled syslems, time varying systems. discrete time systems, relationship
between slate space and  classical  forms,  Linear Control systems, controllability,
observability, controllability and potyiomials, linear feedback. state observers. realization of
constant systems and time varying systems,

Unit: 3.

Stability, definitions, algebraic criterion for stability, Nvquist criterion, Lyapunov theory,
application of” Lyapunov theory o linear systems, construction ol Iyapunov functions,
Variable gradient method and Zubov method. stability and controf,

Enit: 4.

Optimal Control: delinition, performance indices amd constraints, variational approach to
optimal contral systems, {incar guadratic optinal control systems: reaulator and tacking
problems, matrix dilterential Riceati cquation, Pontryagin minimum principle, optimal
control using dynamic progranuning, Hamilton Jacobi Belinun equation.

Books Recommended:

£N Barnetts Introduction to mathematical control theory, Clarendon press.
2o DS Naidus Optimal control systems, CRC pross,



MTHCE-2412: Bio-Mechanics

Marks (Theory): 70 Marks (Total): 100
Marks (Internal Assessment): 30 Time: 03 Hours
Total Credif: 64
Note: -
The examiner is required 1o sel nine questions in all.
The first question will be compulsory consisting ol seven short questions (2 marks
each) covering the whole syllabus.
In addition, eight more questions will be set unit-wise comprising two questions from
each of the four units. The students shall be required to attempt live questions in atl
selecting one question from cach unit including compulsory question.
Unit: 1.

Newton's equations ol motion. Mathematical moedeling, Continuum approach.

Unit: 2,
segmental Movement and Vibrations. External Flow: Fluid Dynamic Forces Acting on
Moving Baodices.

Unit: 3.
Flying and Swimming, Blood Flow in Heart, Lung, Arteries, and Veins. Micra and

Macrocirculation, Respiratory Gas Flow,

Unit: 4.
Description of [nteraal Deformation and Forees. Stress, Strain. and Stability of Organs.,

Books Recommended:

oYL CoFung: Biomechannies, Springer-Verlug, New York Ine., 1990,



MTHCE-2413: Algebraic Number Theory

Marks (Theory): 70 Marks (Total): 106
Marks (Internal Assessment): 30 Time: (3 Hours
Total Credit: (04
Note: -
The examiner is required (o set nine questions in all,
The first question will be compulsory consisting of seven short questions (2 marks
each) covering the whole syllabus.
In addition, eight more questions will be sel unit-wise comprising two questions from
each ol the four units. The students shalt be required to attempl five questions in all
selecting one question from each unit including compulsory question.
Unit: 1.

Algebraic numbers and algebraic integers. Transcendental Numbers. Liouville's Theorem
for real Algebraic numbers. Thue Theorem and Roth's theorem (statement only). Algebraic
numberficld K. Theoarem of Primitive clements. Liouville's Theorem for complex algebraic
numbers. Minimal polynomial of an algebraic integer. Primitive m-th roots of unity.
Cyclotomic Polynomials.  Norm and trace of algebraic numbers and algebraic integers.
Bilinear form on algebraic number field K.

Unit: 2.
Integral basis and discriminant of an algebraic number field. Index ol an clement of K. Ring

Oy of algebraic integers of an algebraic number leld K. ldeals in the ring of algebraic number
field K. Integrally closed domains, Dedekind domains. Fractional ideals of K. Faclorization
of ideals as a product of prime ideals in the ring of algebraic integers of an algebraic number
feld K. G.C.D.and 1.C.M. ol ideals in Q. Chinese Remainder theoren.

Unit: 3.
Different of an algebraic number field Ko Dedekind theorem. Fuclidenn rings.  Thurwits
Femma and Hurwitz constant. auivalent fractional ideads. Ideal class group. Finiteness of

the ideal class group. Class nnmber of the algebraic number fiekd K.

Unit: 4.
Diophantine equations Minkowski®s bound.  Quadratic reciprocily Tegendre Symbol. Gauss
sums. Law ol quadratic reciprocity. Quadratic fields. Primes in special progression,

Books Recommended:

[ Jody Esmonde and M.Ram Murty, Problems in Algebraic Number Theory (Springer
Verlag, 1998).

2o Paulo Ribenboim, Ro Narasimban, S, Raghavan, Alpebraic Numbers, Algcbraic
Number Theory and NMathematical Pamphless-], Tata Dnstitute of Fundamental

Rescarchi 1460y, {



