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I'hird Semester

LIST OF ELECTIVES (Any five of the followings)

C DIFFERENTIABLE MANIFOLDS

FIELD THEORY
DIFFERENTIAL FQUATIONS 11
CATEGORY IHEORY |
NUMERICAL ANALYSIS

COMPLEX ANALYSIS I
CLASSICAL MECHANICS * ( It can be opted only it MM 507 had

| not hccn thui in semester- 1)

OPTIMIZATION TECHNIQUES-I

| FUZZY SETS AND APPLICATIONS

SOLID MECHANICS
FUNCTIONAL ANALYSIS* (It can be opted only if MM 506 had not

been opted in semester-11)
I'ourth Semester

LISTOF ELECTIVES (Any five of the followings)

' HOMOLOGY THEORY

THEORY OF LINEAR OPLERATORS

LIE GROUPS AND COMPLEX MANIFOL Dﬂll’u.ruqumu.
Dilferentiable Manifolds) _

CAT l‘(‘ORY THEORY 11 (Prerequisite: Category Theory 1)
OPTIMIZAT ION TECHNIQUES-II

| HOMOL OCI( AL ALGEBRA (Prerequisite: Category Theory 1)

I[N]Il ELEMENT METHODS
FL UIDMP(HANI(S

ALGEBRAIC CODING THEORY

| COMMUTATIVE ALGEBRA
" OPERATIONS RISEARCH

WAVELETS

CNON LINEAR PROGRAMMING
CCOMPUTA TTONAL 1 ECHNIQUES

|

MATHEMATICS OF FINANCE:
MATHEMA TICAL METHODS
ANALYTIC NUMBER THEORY
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MM 601: DIFFERENTIABLE MANIFOLDS

I | P University Exam: 70
b ] 0 Internal Assessment: 30
Fime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

he question paper will consist of three sections A, B and C. Sections A and B will have four
questions cach from the respective sections ol the syllabus and Scction C will consist ol one
compulsory question having ten short answer type questions covering the entire syllabus
mitormiv. Fach guestion m Sections A and B will be of’ 10 marks and Section ¢ will be of 30
ks

INSTRUCTIONS FOR THE CANDIDATES

C andidates are required to attempt five questions in all selecting two questions from cach of the
Section A and B and compulsory question of Section C.

Objective: The aim of this paper 1s 1o study the theory of differentiable manifolds and the
structure of sub-manifolds. It introduces and claborates the concept of Riemannian manifolds
having wide applications in various ticlds of mathematics.

SECTION-A

Ditterentiable Manifolds, examples of differentiable manifolds. the local coordinate approuach,
differentiuble maps on manifolds, tangent vectors and tangent space, different approaches to
tangent veetors, Cotangent space.Vector Fields, Lie-bracket of vector ficlds. Jacobian map. pull
Back map. integral curves, Tensors, exterior product. forms. exterior derivative. contraction. Lie-
dervative. Affine connection. difference tensor, covariant derivative of tensors.

SECTION-B

Forsion tensor and curvature tensor o a conncction, propertics ol torsion and curvature
wnsorBianchi's identities. the Riemannian metric. Riemannian manifolds. fundamental theorem
of Riemanmian geometry, Riemannian connection. Christotfel symbols, Riemannian curvature
lensor and its properties. Sectional curvature. theorem of Schur.sub-manitolds and hyper-
surfaces, normal, mduced connection, Gauss and Weingarten formulace and their applications.

Pedagogy:  The teacher should lTay emphasis on the extensive study ot the basic properties
wstrumental in developing the theory of Riemannian manifolds having wide applications in the
trther research m s area

BOOKS RECOMMENDED:

I Y. Matsushima: Differentiable Manifolds. Marcel Dekker. Ine. New York, 1972,
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2 K. Yano. M. Kon: Structures on Manifolds. World. Scientitic Publishing Co. Pyt Lid.
98,
3. U, C. De: Differential Geometry of Manifolds. Alpha Science Int. Ltd.. Oxford. UK.
2007.
1 L M. Lee: Introduction to Riemannian Manifolds, Springer International Publishing.
edition, 2018.
5. K. Nomizu. S. Kobayashi: Foundations of Differential Geometry. Vol L Inter-science
Publishers. John Wiley & Sons, New York, 1963

MM 602: FIELD THEORY

I I P University Lxam: 70
k! I 0] internal Assessment. U
Fime Allowed: 3 hours | otal: 100

INSTRUCTIONS FOR THE PAPER-SETTER

The question paper will consist of three sections A, B and C. Sections A and B will have four
questions cach from the respective seetions of the syllabus and Scction € will consist of one
compulsory question having ten short answer type questions covering the entire svllabus
uncormly. Fach question in Sections A and B will be of 10 marks and Section C will be ot 30
marks

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all selecting two questions from cach ol the
Section A and B and compulsory question of Section €.

Objective:  This course will introduce the basic ideas of field theory. leading 10 the Galos
theory and its applications in solving some of the classical problems.

SECTION —A

Fields. examples, algebraic and transcendental elements, irreducible polynomials. Gauss lemma.
Lisenstein’s  criterion.  adjunction  of  roots.  Kronecker's theorem.  algebraic
extensions.algebraically closed fields. Splitung ficlds. normal extensions, multiple roots. finite
ficlds, separable extensions, perfect ficlds, primitive clements.Lagrange’s theorem on primitive
clements.

SECTION - B
Automorphism groups and fixed ficlds. Galois extensions, fundamental theorem ol Galois

theory. fundamental theorem ot algebra, roots of unity and cyclotomic polynomuals. Cyehe
extension. polynomials solvable by radicals. symmetrie [unctions. cyclotomic extension. (uintic
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equntion and solvability by radicals, ruler and compass construction

Pedagogy: 11as expected that the teacher will Tay emphasis on how the modern tield theorete
methods help us o find relatively casier solutions to the problems ol algebraic and geometric

CONSITUCHIOnN.S.,

BOOKS RECOMMENDED:

I P.B. Bhauacharya, S.K, Jain. S.R. Nagpal: Basic Abstract Algebra. 2nd Fdition.
Cambridge University Press 2002 (Chapters 15-18),

2 David S Dummit, Richard M Foote: Abstract Algehra. John Wiley & Sons. 2004,

VooMOArun: Aleebra, Prentice Hall of India, New Delhi, 1994,

MM 603: Differential Equations —11

i I It Lniversity Bxame: ‘o
S | 0] [nternal Assessment: 30
Time Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

The question paper will consist of three sections A, B and C, Sections A and B will have four
questions cach from the respective sections of the syllabus and Section C will consist of one
compulsory question having ten short answer type questions covering the entire syllabus
antormly, Fach question in Sections A and B will be of 10 marks and Section C will be of 30
marks

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required 1o attempt five questions in all selecting two guestions from cach of the
Section A and B and compulsory question of Seetion

Objective: This course will continue the study o differential equations started i the presious
vear and will mtroduce more advance techniques Tike the Green's functions and the symmetry
methods.

SECTION-A
Fxastence and uniqueness of solutions of first order differential equations  for complex
systemsamaximum and minimum - solution.Carathcodory  theorem.Continuation  of

solution.uniqueness ol solutions and successive approximations. variation of solutions.

SECTION-B
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Partial Differential Equations: Occurrence and clementary solution ol Laplace equation,
Fotlvol equipotential surface.Interior and  exterior Dirichlet boundary value problem for
Laploceequation, separation: ofvariables, axial symmetny, Kelvin’s anersian theorennGieay's
function  for  Laplace  cquation.Dirichlet sproblem  for  semi-infinite  space  and  for
sphere.Copson’stheorem (Statement only).

Pedagogy: Same as for Dillerential bquations [
BOOKS RECOMMENDED:
I. k. Coddington, N. Levinson:Theory of Ordinary Differential Equations, Tata McGraw
Hill.India. 1955.

2 G.E.Simmons:Differential — Equations  with — Applications. and — Historical  Nores

TataMceGraw-Hill, 1991,

3. LN Sneddon:Elements of Partial Differenticl Equations. Tata McGraw-1hll, 1957
MM 604 CATEGORY THEORY -1
L. 1 P University Exam: 70
5 | 0 Internal Assessment: 30
Fime Allowed: 3 hours [otal: 100

INSTRUCTIONS FOR THE PAPER-SETTER

The question paper will consist of three sections A, B and C. Sections A and B will have four
questions cach from the respective sections of the syllabus and Scction € will consist ol one
compulsory question having ten short answer type questions covering the entire syllabus
aniformly. Lach question in Sections A and B will be of 10 marks and Section C will be ot 30
marks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions m all selecting two questions from cach ol the
Sectton A and B and compulsory question of Section ¢

Objective: The objective of the course is to introduce the modern way of Tooking at the
mathematical objects and their universal properties with the help of categories, tunctors and
natural transtformations. The student after completing the course will be ready to tackle the more
advance methods of adjunctions and monads.

SECTION - A

Categories: Introduction with functions of sets. Defimtion and examples of categories: Sets,
Pos. Rel. Mon, groups. Top. Dis(X). finite category. the category of modules. the concept ol

R




anctor and the category Cat, functors of several variables. Isomorphism constructions: Product
of two categories, the dual Category. the arrow category, the shice and co-slice category. The
category of graphs.Free Monoids and their UMP.

\bstract Structures:kEpi and mono. initial and terminal objects. generalized elements, seetions
and retractions. product diagrams and their universal mapping property, unigueness up o
somorphism. examples of products: Tom-sets. covariant representable  functors, functors
preserving binary product.

SECTION -B

Duality: The duality principle. co-products, examples in sets. Mon. Top. co-product of monoids.
of abelian groups and co-product in the category of abelian Groups. l:qualizers, equalizers as a
monie. co-cqualizers, co-equalizers as an epic.Co-equalizer diagram for a monoid.

Limits and Co-limits:Sub-objects, pullbacks. properties ol pullbacks. pullback as i functor,
limits. cone to a diagram, limit for a diagram. co-cones and co-limits. Preservation of limits,
contr variant functor.direct limit of groups. Functors creating limits and co-limits.

Naturality: Exponential in a category. Cartesian closed categories. category ol categories,
representable Structure, stone duality, ulrafilters in Boolean Algebra, naturality. examples of
natural transformations,

Pedagogy: The teacher should lay emphasis on the unifying nature ot category theory and stress
the importance of universal properties in defining and building up models of different
mathematical objects.

BOOKS RECOMMENDED:

. S Awodey: Category Theory, Oxtord Logic Guides. 49. Oxford University Press, 2007
(Chap.1 to 3 Excluding Example 6 of See 2.6 and Chap. S and Scctions 6.1, 6.2 and
Chap. 7. Seenons 7.1 10 7,50
YOS Mac Lane: Categories for the Working Mathematician. Springer Verlag, New York.
Volume 5. 1971
* Emily Reihl: Category Theory in Context, Dover Modern Math Originals Emily
Rethl. Dover Publications, 2016.

MM 605 : NUMERICAL ANALYSIS

I | P University Exam(Theory): 40
4 0 4 Internal Assessment(Theory): 20
University Exam(Practical): 30

Internal Assessment( Practical): 10
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'ime Allowed: 3 hours Total 100
INSTRUCTIONS FORTHE PAPER-SETTER

I'he question paper will consist of three sections A, B and C. Sections A and B owill have tour
questions cach from the respective sections of the syllabus and Scetion C will consist of one
compulsory question having ten short answer type questions covering the entire syllabus
unttormiy. Lach question i Sections A and B will be of 7.5 marks and Section C will be ot 10
marks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required (o attempt five questions in all selecting two questions from cach ol the
Section A and B and compulsory question of Section C. Use of Non-Programmable Scientific
Calculators is allowed.

SECTION-A

Solution of Differential Equations: Taylor's series. Luler's method. improved Fuler method
modifiediuler method. and Runge-Kutta method (up to fourth order). predictor correctos
method. Stability andconvergence of Runge-Kutta and predictor corrector methods.

Parabolic Equation: Lxplicit and implicit schemes for solution of one dimenstonal cquations
Crank-Nicolson. Dufori-lrunkel schemes for one dimension equations. Discussion of then
compitibility.stability and convergence Peaceman-Rachford AD.L scheme for two dimensional

cyLiions,
SECTION-B

Elliptic Equation: Finite difference replacement and reduction to block tri-diagonal form and 11s
solution. Dirichlet and Neumann boundary conditions. 1reatment of curved boundaries, solution
byA.D.I. method.

Hyperbolic equations: Solution by finite difference methods on rectangular and characteristics
aridsand their stability.

BOOKS RECOMMENDED:

I G.D.Smith:Numerical Solution of Partial Differential Equations. Oxford Univ. Press.
1982.

R S. Gupta:Elements of Numerical Analysis. Macmillan India L.1d., 2009

AR, Mitchell=Computational Methods in Partial Differential Eguations. lohn Wiley.

197N
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4. Cl Forberg:ntroduction 1o Numervical  Analvsis, Addision-Weslev.  Readimg
Massachusetts, 1969,

C.b. Gerald:dpplicd Numerical Analvsis, Addision-Wesley. Reading. Massachusetis.
1970,

6. M.K. Jain:Numerical solutions of Differential Equations. John Wiley. 1984
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| Collatz:Numerical Treatment of Differential Fquations. Springer - Verlag, Berlin,

1966,
MM 606: COMPLEX ANALYSIS-1I
' T p University Exam: 70
R | ( Internal Assessment: 30
['tme Allowed: 3 hours Towal; 100

INSTRUCTIONS FOR THE PAPER-SETTER

[he question paper will consist of three sections A, B and C. Sections A and B will have four
Juestions cach from the respective sections of the syllabus and Scetion C will consist of one
compulsory question having ten short answer type questions covering the entire syllabus
uniformly. Fach question in Sections A and B will be of 10 marks and Section C will be of 30
murks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all selecting two questions from cach of the
Seetion A and B and compulsory question of Seetion C,

Objective: The course will continue the study of complex analysis and introduce more advance
methods like the Greens functions, Mittagleflers expansion, Monodromy  theorem and the
armonie methods.

SECTION-A

Normal Founihies of analytic functions. Montel's theorem, Hurwitz's theorem, Riemann mappimg
theorem. Univalent functions, Distoration and growth theorems for the class S of normalized
univalent functions.Koebe 1/4 theorem.Bieberbach conjecture (statement only).Littlewood's
mequality for the class S, coefficient inequalities for functions in S in case of real cocfficients
only. Principle of analytic continuation. the general definition of an analyue  function,
anulvticcontinuation by power  series  method.natural — boundary.Schwarz — reflection
prnciple.Monodromy  theorem Mittag-Leffler's theorem (only m the case when the set of
isolatedsingularities admits the point at infinity alone as an accumulation point), Cauchy's
method ofexpansion of meromorphic lunctions, Partial fraction decomposition of cosec /.
representationof an integral function as an infinite product.infinite product for sin 2.

SECTION-B
L'he tactorization of itegral functions.Wererstrass theorem regarding construction of an mtegral
funciion with prescribed zeros. the minimum modules of an integral tunction.Hadamard's three

cirele theoreme the order of an integral functon, integral functions of linite order with no zeros.
Iensen's mequality.exponent of conyvergence.Borel's theorem on canonical products.Hadmard's

p ¢ L5 M‘}/ /Kg/




factorization theorem. basic propertics of harmonic  functions. maximum  and  minmum
principles.  Harmonie functionson a discHarnack's inequality and  theorem.sub-liarmonic
andsuper-harmonic functions.Dirichletproblem.Green's tunction.

Pedagogy: The teacher will build on the previous knowledge of students and gradually muroduce
more and more advanced techniques.

BOOKS RECOMMENDED:

I. ZeevNihari:  Conformal  Mapping. Couner - Corporation. 2012(Chap 11l (section ™)
Chap IV, Chap.V (pages 1 73-178. 209-220)),

20 G Sansone, ) Gerretsen, Lectures on the Heore of Functions of a Complex Varnable,

Noordhoflinternanonai Publishing, Leyden. 1960 (Secnons d. 111 and 4.11.2 only ).

3000 B Conway:  Functions  of  One  Complex Variable.  Springer.  Vertag
InternationalStudent.Narosa Publishing House. 1980 (Chap.X only).

4. k1 Copson: Theoiv of Functions of a Complex Variahle, OxtordUniversity Press, 1933
(Chap. 1V (4.60. 4.61. 4.62)Chap. VII (excl. Section 7.7)Chap. VI (Section 8.4)).

MM 607: CLASSICAL MECHANICS

I | P University Exam: 70
S I 4] Internal Assessment: 30

Fime Allowed: 3 hours l'otal: 100

INSTRUCTIONS FOR THE PAPER-SETTER

I'he question paper will consist of three sections A, B and C. Sections A and B will have tom
questions cach from the respective sections of the syllabus and Section C will consist ol one
compulsory question having ten short answer type questions covering the entire syllabus
uniformly. bach question in Sections A and B will be of’ 10 marks and Scction C will be of 30)

marks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all selecting two questions from cach of the
Scction A and B and compulsory question of’ Section C.

Objective: The subjeet of classical mechanics is a perfecet example of the power of mathemanes
to solve real physical problems and this course introduces the students to the Lagrangian version
ol classical mechanics which 1s indispensable Tor any study of quantum mechanical methods

SECTION-A

gl NS




Basic Principles: Mcchanics ol a particle and a system ol particles. constraints, gencralized
Co-ordinates.  holonomic  and  non-holonomic  constraints.D*Alembert’sprinciple  and
| agrange’sequations,  velocity  dependent potentials and the dissipation  function. simple
apphcations ofthel agrangranformulation.

\ariational  Principles and  Lagrange’s  Equations:  Hanilton's principle. dermation
o1l agranee’s equations from Hamilton's principle. extension of Hamilton's principle o non-
holonomie systems,

Conservation  Theorems and  Symmetry  Properties:  Cychie  co-ordinates. canonical
momentum and its conservation, the generalized force. and angular momentum conservation
theorem

e Two-Body Central Force Problem: Reduction 1o the cquivalent one-body problem.
cquation of motion, equivalent one dimensional problem and classification of orbits,

Fhe virial theorem. conditions for closed orbits, Bertrand’s theorem.,

SECTION -B

I'he kepler Problem: Inverse square law of foree. the motion in time in the Kepler problem.
Kepler's laws, Kepler's equation, the Laplace-Runge-Lenz vector.

Scattering in a Central Force Field: Cross section of scattering. Rutherford scattering cross
weetion. total seattering eross section transformation of the seattering problem to lahoratory co-
ordimates.

I'he Kinematics of Rigid Body Motion: The independent co-ordinates ol rigid body.
ansformation matrix. Euler angles, Cayley-Klein parameters and related quantities.

| uler's theorem on the motion of rigid bodics. finite rotations. infinitesimal rotations. the

Conolistoree.

Pedagogy: The instructor should lay emphasis on those techniques which naturally lend
themselves to their quantum mechanical interpretations to enable the student to more naturally
transtornt from the classical to the quantum.

BOOKS RECOMMENDED:

| Herbert Goldstein: Classical mechanics, Addison-Wesley, 3" Edition. 2002.
Y D Kleppner. R, Kolenlow: An Intraduction to Mechanics, Cambridge University Press,

14
MM 608: ALGEBRAIC TOPOLOGY
| 1 P University Exam: 70
h | 0 Internal Assessment: 30
[ime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

/



I he question paper will consist of three sections AL 3 and C. dections A and B will have tou
questions cach from the respective sections of the syllabus and Section C will consist of one
compulsory question having ten short answer type questions covering the entire syllabus
uniformly. Each question in Sections A and B will be of 10 marks and Scction C will be of 30
marks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all selecting two questions from each of the
Section A and B and compulsory question of Section C.

Objective: This course mtroduces algebraic methods for the soluttons of topological problems
and builds the basic machinery of the Fundamental Group and the covering spaces

SECTION-A

I'he Fundamental group: [lomotopy of paths. Tomotopy classes. the fundamental group.
change of base point, topological variance, covering spaces. the fundamental group ol the
circle. Retractions and fixed points, no retraction thecorem. the fundamental thecorem of alpcebra.
theBorsuk - Ulam  theorem. the bisection  theorem.  deformation retracts and  homuotopy
typehomotopy invariance,

SECTION-B

Dircet sums of abelian groups, free products of groups. uniquencess of free products, feast normal
subgroup. free groups. generators and relations, the Seifert-Van Kampen theorem. also classical
version. the tundamental group of a wedge ot cireles.

Classification of covering spaces: Equivalence ol covering spaces, the gencral Tifting lemmn.
theuniversal covering space. covering transformation, existence of covering spaces.

Pedagogy: The instructor should stress the limited applicability ol the general topological
methods and hence justily the algebraie methods for the solutions of topological problems. Al
the saume time the categorical nature of the subject should be stressed.

BOOKS RECOMMENDED:

I James R. Munkres: Topology. Pearson Prentice Hall.2™ Edition.2000(Chap. 9(51-3%),
Chap. 11(67-71), Chap. 13 (79-32)).

2. Joseph J. Rotman: An Introduction to Algebraic Topology, Graduate Texts in

Mathematics Volume 119, Springer Verlag, New York. 198%.

Allen Hatcher: Algebraic Topology, Cambridge University Press. First Ldition

2001,
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MM 609: OPTIMIZATION TECHNIQUES-I

[ I P University Exam: 70
3 | 0 Internal Assessments: 30
[ime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

Ie question paper will consist of three sections A, B and C. Sections A and B will have four
questions cach from the respective sections of the syllabus and Scction C will consist ol one
compulsory question having ten short answer type questions covering the entire syllabus
uniformly. Each question in Sections A and B will be of 10 marks and Section C will be of 30

mirks.
INSTRUCTIONS FOR THE CANDIDATES

Candidates are required o attempt five questions in all selecting two questions from cach ol the
section A and B and compulsory question of Section C. Use of non-programmable scientific
caleulators is allowed.

SECTION-A

Review of Linear Programming: Simplex method. Big-M method. two phase method and
daality.

Sensitivity Analysis: Discrete changes in the cost vector. requirement veetor and co-cfficient
matrix. addition of a new variable. deletion of a variable. addition of new constraint, deletion of a
COnSramt,

Integer Programming:Introduction, Gomory's all IPP method. Gomory's mixed-integer method.
branch and bound method.

Dyiamic Programming: fntroduction. the reaisive equation approack. dynamic programnii,
algorithm, solution of discrete DPP.

SECTION-B

{ransportation Problem:Introduction. mathematical formulation of the problem. initial basic
[casible solution using North-West corner method, least cost method and Vogel's approximation
method. optimal solution using MODI method. degeneracy in transportation problems. some
exeeptional cases in transportation problems,

\ssignment Problems:Introduction, mathematical formulation of an assignment problem.
assignment algorithm, unbalanced assignment problems, travelling salesman problem.

Games & Strategies: Definition & characteristics ol” games, WO person Z€ro sum games.
maximin and minimax principle. games without saddle points. mixed strategics. graphical
method for solving 2 %2 games. coneept of dominance. redueing the game problem to 1.PP.

petly™" A
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BOOKS RECOMMENDED:

I KSwarup, P. K. Gupta. M. Mohan: Operations Research. Sultan Chand and Sons.
NewDelhi, 2010.

2. CoMohan K, Decp: Qpumization Techniyrnes. New Age International, 2009,

3. 1LS.Kasana, K.D. Kumar: lnteoducton Operations Research: Theory and Applications.
Springer. Science & Business Media, 2013,

Ao Gulladley: Linear Algebra. Addison-Willey, 7" Edition 1977.

MM 610: FUZZY SETS AND APPLICATIONS

I l P University Exam; 70
S ] {] Internal Assessment: 30
Time Allowed: 3 hours Fotal: 100

INSTRUCTIONS FOR THE PAPER-SETTER

Ihe question paper will consist of three sections AL B and C. Sections A and B will have fou
questions cach rrom the respective seettons of the syilubus and Section C will consist ol o
compulsory question having ten short answer type questions covering the entire sy labus
uniformly. Lach question in Sections A and B will be of 10 marks and Section C will be of 20
marks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions i all selecting two questions from cach ol the
Section A and B and compulsory question of Section C.

Objective: This course introduces Fuzzy Technigues to the students. T'he techmques have Tound
many applications in sciences to solve problems with limit and incomplete information.

SECTION-A

Classical Sets and Fuzzy Sets: Overview of classical sets. membership function: a-cuts,
properties of a=cuts, decomposition theorems, extension principle

Operations on Fuzzy Sets: Complhiment, intersections, unions, combinations of aperations,
aggregation operations,

Fuzzy Arithmetic: Fuzzy numbers, limguisue variables, arithmetic operations on mtervals and
numbers, lattice of fuzzy numbers, fuzzy cquations.

Fuzzy Relations: Crisp and fuzzy relations, projections and cylindrical extensions, binaryiuzs
Relations, Binary relations on single set. equivalence. compatibility and orderingrelations.

morphisms, fuzzy relation equations.
v H"W \//X‘-/




SECTION-B

Possibility Theory: Fuzzy Measures. evidence and possibility theory. possibility versus
prabability theory.

Fuzzy Logice: Classical logic, multivalued logics. fuzzy propositions, fuzzy qualifiers. linguistic
hedges.

Uncertainty based Information: Information and uncertainty. non-specificity of fuzzy and
crisp sets. Tuzziness of fuzzy sets. applications of fuzzy logic.

Pedagogy: The need for fuzzy techniques should be stressed throughout.
BOOKS RECOMMENDED:

G Kl TAFolyger:Fuzzy Sets Uncertainty and Information, Prentice Hall of India.
[ URN

> GLKLEB. Yuan:Fuzzv Sets and Fuzzy Logic: Theory and Applications, Prentice Hall of
India. 1995.
1L ) Zimmermann:Fuzzyv Set Theory and its Applications, Allied Publishers, 1991.

| C MohaniAn Introduction to Fuzzyv Set Theorv and Fuzzv Logic, M. V.lL.carning
Publishers. New Delhi (INDIA)Y and London (UK), 2015.

MM611: SOLID MECHANICS

[ I P University Exam: 70
5 | () Internal Assessment: 30
[ime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER
'he question paper will consist of three sections AL B and C. Sections A and B will have four
questions cach from the respective sections of the syllabus and Scetion € will consist of one
compulsory question having ten short answer type questions covering the entire syllabus
aniformly. Each question in Sections A and B will be of 10 marks and Scction C will be of 30
marks

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required o attempt five questions in all selecting two guestions from cach ol the
Section A and B and compulsory question of Section €.

Objective: The course introduces Tensor Methods and uses them to formulate the problems of

Mochames of the Solids

SECTION-A

4 gl N
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Tensor Algebra: Co-ordinate transformation, Cartesian tensor of different order, properties
oftensor, Isotropic tensors of different orders and relation between them. symmetrie and
skewsymmetric tensors. tensor invariants, deviatorie tensors, cigen-values and cigen-vectons ol
alensor.

Tensor analysis: Scalar, vector. tensor functions, comma notation. gradient. divergence und
curlol o veetor/tensor  field.  (Relevant  portions  of Chap. 2 and 3 of book
D S.Chandrasekharaah and L. Debnath),

\nalysis of strain: Alfine transformation. infinitesimal  aftine  deformation.  geometriical
muerpretaton oi the components of stramn. suamn quadrie ol Cauchy.  Principal. struns
andmvariance, general infinitesimal deformation. Samt-Venants  equations ol compatibiliy.
finitedetormations.

Analysis of Stress: Stress tensor. cquations ol equilibrium, transtormation of co-ordinates.
stressquadric of Cauchy. principal stress and invariants, maximum normal and shear stresses
(relevant portion of Chap. | & 2 ol'book by L.S. Sokolnikoff).

SECTION-B

Equations of Elasticity: Generalized Hooks law, anisotropic medium, homogencaeas 1sotropiy
media. elasticity. moduli for isotropic media. equilibrium and dynamic equations, for and
isotropic clastic solid. strain energy function and its connection with Hooke's law. uniquencess

of solution. Beltrami-Michellcompatibilty equations. Saint-Venant's principle (relevant portion
ol Chap. 3 ol book by 1.S. Sokonikolh).

Two dimensional problems: Plane stress. generalized plane stress. amry  stress function,
generalsolution of bi-harmonic cquation. stresses and displacements - terms ol comples
potentials, thestructure o functions ol @(2) and Y(z). First and sccond boundary vilue
problems i plancclasticity Existence and  uniqueness of the solutions (Section 6574 of

[.S.Sokolnikoft).
BOOKS RECOMMENDED:

1. LS. Sokolnikott: Mathematical Theory of Elasticity. Tata McGraw-Hill. New Delhi
1977.

2. AL Love:ATreatise vn the Mathematical theory of Elasticiiy, Dover Publications. New
York. 201 3.

3. Y.C. Fung:Foundations of Solid Mechanies, Prentice Hall, New Delhi, 1965,

4. D.S. Chandrasekharaiah, L. Debnath:Continuum Mechanics, Academic Press, 1994

5. Shanu Narayan: Text Book of Cartesian Tensor. S. Chand & Co., 1930,

6. S, Timeshenki. N. Goodicr: Theory of Elasticin. McGraw-Hill. New York. 1970

7. L1 Shames: Intraduction to Solid Mechanies. Prentuee Hall, New Delhi, 1971,




MM 612: FUNCTIONAL ANALYSIS

I | P University Exam: 70
3 | 0] Internal Assessment: 30
Lime Allowed: 3 hours lotal: 100

INSTRUCTIONS FOR THE PAPER-SETTER

I he question paper will consist of three sections: A, 1B and C. Scctions A and B will have four
questions cach from the respective sections of the syllabus. Section C will consist of one
compulsory question having ten short questions covering the entire syllabus uniformly. Each
question in sections A and B will be of 10 marks cach and section C will be of 30 marks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions i all selecting two questions from: cach
sections A and B and compulsory question of section C.

SECTION-A

Normed lincar spaces. banach spaces. examples of banach spaces and subspaces. Continuity of
near maps. equivalent norms. Normed spaces of bounded  hmear maps. bounded  Tineu
tunctional Hahn-Banach theorem in lincar spaces and its applications.Hahn-Banach theorem in
normed linear spaces and its applications.Uniform boundedness principle, open mapping theorem,
projections on banach spaces, closed graph theorem.

SECTION-B

The conjugate of an operator. Dual spaces of L, and Cla,b], reflexivity. IHilbert spaces,
cxamples. orthogonality. orthonormal sets. Bessel's inequality. Parseval's theorem. The conjugate
space ol o Hilbert  spaces.adjoint  operator.  self-adjoint operator. normal and  unitary
operators. Projection operators. Spectrum of an operator, Spectral Theorem, Banach lixed point
theorem. Brower's fixed point theorem.Schauder fixed point theorem. Picards theorem.
applications of fixed point theorem in differential cquations and integral equations.

BOOKS RECOMMENDED:

[, G, Bachman. L.Narici: Functional Analvsis. Dover. Mineola. New York. Revised

§dition, 2000

1. Krevszig:hntroductory Functional Analvsis with Applications, Wiley, New Y ork,

97X,

Lo Suddigi. AbulHasan: Applicd Funcrional Analvsis: Numerical Methods., Waveler
Vothods and Image Processing, CRC Press. 2003,

b Balmohan V. Lunave: Lincar Functional Analvsis for Scientists and Engineers.

Springer. Singapore. 2016

B. Bela: Linear analvsis. Cambridge University Press, 1990,
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Semester-1V

MM 701: HOMOLOGY THEORY

L. 1 P University Exam: 70
5 | 0 Internal Assessment: 30
Time Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

[he question paper will consist ol three sections AL 13 and C. Sections A and B3 will have tom
gquestions cuach from the respective sections of the syllabus and Section C will consist ol one
compulsory question having ten short answer type questions covering the entire syllabus
untformly. Lach question in Sections A and B will be of 10 marks and Section C will be ol 50

marks.
INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all selecting two questions fronm cach ot the
Section A and B and compulsory question of Section C.

Objective: Continuing the study of Topology this course introduces the Singular and Sunplicial
Homology and enables the students to grasp these techniques to compute homological groups off
a simplicial pair for instance.

SECTION - A

Singular Homology Theory:luchdean Simplexes: lincar Maps. singular p-simplex. the group
ot 60 mduced homomaorphism on chains. the boundary operator oo the houndary ol
asingular simplex. the boundary ol a p —chain

Cycles & Homology: The group Zp(E: G). thehomology groups Hp(l; G). Hp(FE I 6.
induced homomorphism on relative homology groups. the dimension theorem, the exactness
theorem. exact sequence. the boundary homomorphism and the exactness ol the singula
homology sequences (R.R: See 1-1 1o 1-9 of Wallace).

Singular and Simplicial Homology:llomotopic maps ot pawrs, the prism operator /7,
thchomotopy theoremithe excision theorem. the barycentric subdivision operator B.theaxiomatic
approach. simplicial complexes, traingulable space, triangulation, the direct sum theorem, the
direct sum theorem for complexes(R.R.: Sec 1-10 to 2-4 of Wallace).

SECTION - B
Simplicial Homology:Homology groups of cells and spheres. orientation. homology groups of

o simplicial pair, formal description of simplicial homology: the oriented  chan group.

theoriented boundary operator, the orientedas |

licial homology group, stmpheal map. cell
/ nh (ﬂ.‘ﬁ \,-r/"x""'\/
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Comitencs. caponical basis. the Betti group Bp and the worsion group iy (RR.Sec 2 Sio 2- M el

Wallace).

Chain Complexes:Singular chain complex, orented simplictal ¢hain complex. the group Kpol
p —chains of @ chain complex, the group Kpof co-chains. co-boundary operator, the co-
chameomplex  and  the  p"Co-homology group Hp(K). chain homomorphism. induced
homomorphism

on homology and co-homology groups. chain homotopy and the algebraic homotopy
theorem.(R.R.: See 3-1 10 3-6 of Wallace).

Pedagogy: The course is a natural successor of MM 608 and such has the same pedagogy as that

COLINsC.
BOOKS RECOMMENDED:

| A Wallace: Algebraic Topology and Co-lomology. Courier Corporation,2007.

> 1 Rotman: Anlntroduction to Algebraic Topology Graduate Text in Mathematicy.,
Springer.Verlag, New York. Volume 119, 198K,

VA Hateher: Hgebraie Topology. Cambridge University Press. ' =dimon. 2001

MM 702: THEORY OF LINEAR OPERATORS

I T P University Exam: 70
5 | (0 Internal Assessment: 30
[ime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

[he question paper will consist of three sections A, B and €. Sections A and B will have four
questions each from the respective sections of the syllabus and Section C will consist of one
compulsory question having ten short answer type questions covering the entire syllabus
unitormly. Fach question in Sections A and B will be of 10 marks and Scetion € will be of 30

el
Babaks By

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all selecting two questions from cach of the
seetion A and B and compulsory question of Section C.

Objective: The aim of this course is to mtroduce Spectral Techniques tor the study of the Theory
bl anear Operators,

SECTION-A

Spectral theory in normed  lincar spaces, resolvant set and  spectrumaspectral - properties
athounded linear operator.propertics of resolvant and spectrum, speetral mapping theorem

19



torpolynamials. spectral radius of hounded  lincar operator on a complex Banach space
Llementary theory of banach algebras, resolvant set and spectruminyvertible elements.resoly i

wjudtivigencral propertios of compact linear operators.,

SECTION-B

Spectral properties of compact lincar operators on normed space.behaviour of compact
lincaroperators — with - respeet  to  solvability  of  operator equations. Fredhohn-type
theorems. Fredholmalternative  theorems.Spectral  properties  of  bounded  self-adjoint  linea
operators on a complex Hilbert space. positiveoperators.monotone  sequence  theorent o
bounded  self-adjoint  operators on a complex  Hilbertspacesquare  roots  of  positive
operatorsaspeetral family of 4 bounded sclf-adjoint lincaroperator and its propertios. specirl
theorem.,

Pedagogy: Samc as lor Functional Analysis ol previous vear
BOOKS RECOMMENDLED:

Lo o Rreysac:introductory Funetional Analvses with Applications, Wiley, New York, [V708
2. Balmohan V. Limaye:Lmear Functional Analvsis for Scientists and Enginecrs, Springel

Singapore. 2016.

MM 703 - LIE GROUPS AND COMPLEX MANIFOL.DS

L T P University Exam: 70
3 | 0 Internal Assessment: 20
[ime Allowed: 3 hours lotal: 100

INSTRUCTIONS FOR THE PAPER-SETTER

The question paper will consist of three sections A, B and C. Sections A and B will have four
direstions cach from the respective sections of the svllabus and Section C will consist ol one
compulsory question having ten short answer type questions covering the entire syllabus
untformly. Each question in Sections A and B will be of 10 marks and Section C will be of 30

marks.
INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all seleeting two questions from cach of the
Secuion A and B and compulsory question of Section €.

Objective: This paper aims to study the theory of Lie algebras and various types of comples




manmfolds extensively

SECTION-A

I 1e wroups and lie algebras, product of two lie-groups. one parameter subgroups and exponential
maps. examples of lie groups. homomorphism and isomorphism. lie transformation groups.
seneral lincar groups. Sub-manifolds. induced connection and the associated second fundamental
lorm. curvature tensor field of the sub-manifold. the normal vector along with the lincar
connections. the Gauss and Weingarten formulac, the equations of Gauss and Mainardi-Codazz1,

SECTION-B

\ivst Comples manifolds. Nijenhuis tensor, contravariant and covariant almost amdvtic vector
elds, Feconnection. Hermitian metric. almost Hermitian manifolds. Tincar connections - an
Jmost Hermitian manifolds. Hermitian manifolds with their charactenizations, the fundamental
2 tarm phi. Kdhlerian metrie. almost Kéhler manitolds. Kéhler manifold. constant holomorphic
sectional curvature. complex space form.

Pedagogy: The teacher should lay emphasis on the study ol structure of sub-manifolds and of

die differentiable manifolds based on C™which is of great use for further rescarch in this ficld.
BOOKS RECOMMENDED:
| K. Yano. M. Kon: Structures on Manifolds. World Scientific Publishing Co. Pyt Lid..

20 Y. Matsushima: Differentiable Manifolds. Marcel Dekker. Inc. New York. 1972,
3 U C. De. AA. Shaikh: Complex Manifolds with Contact Manifolds Narosa Publishing
House. New Delhi, 2009.
| K. Nomizu. S. Kobayashi: Foundations of Differential Geomelry. . Inlerscience
Publishers. John Wiley & Sons, New York, Vol. 2. 1969,
SR Hall: Lie Groups. Lie Algebras and Representations: An Eienentary Introduction
Springer. Graduate Texts in Mathematics., 2 kdition, 2015,

MM 704: CATEGORY THEORY ~II

| l P University Exam: 70
3 | ) Internal Assessment: 30
[1me Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE. PAPER-SETTER
The question paper will consist of three seetions AL B and €. Sections A and B will have four

questions cach from the respective sections of the syllabus and Section C will consist ol one
compulsory question having ten short answer type questions covering the entire svllabus
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untformly. Each question in Sections A and B will be of 10 marks and Section C will be o 30
marks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all selecting two questions from cach of the
Section A and B and compulsory question ol Section €

Objective: This course continues the study of category theory and achieves the aim of the study
ol adjunctions and monads. The famous Yoneda lemma finds numerous applications 1 the
course.

SECTION-A

Equivalence: The functor category Fun(C, D) and natural isomorphism (R.R.: Sections 6.1.6.2
and 7.1 to 7.5 of Awodcey). exponentials of catcgories, the bitunctor femma. Cat is Cartesian
closed. functor categories, cquivalence of categories. Examples of Eguivalence:Setstin and
Ordfin, pointed set and partial maps, slice categories and indexed families, stone duality (R.R 76
1 7.9 of Awodey).

Categories of Diagrams: Sct-valucd functor categories, the Yoneda embedding, the Yoneda
lemma. applications of the Yoneda lemma. limits, co-limits and exponentials in categories af
dragrams.Hom(X,GP ) and Hom( X, x, P, Q) (R.R.: Sections 8.1 to 8.7 of Awodey).

SECTION-B

Adjoints: Adjunction between categories. left and right adjoints. home-set detinition of adjomis
examples of adjoints. umigueness up o isomorphism. order adjomts and mtenor operation 1
topology as an order adjomnt. Preservation of limits (co-limits) by right (left) adjomts. UM o
the Yoneda embedding and Kan extensions.the adjointfunctor theorem.

Monads and Algebras:The triangle identitics, monads and adjoints. algebras for a monad. the
Llinberg- Moore category and the Kliesli category, comonad and co-algebras (R.R: Chap. 9.
Sections V.1 10 9.4, 9.6 Al'l" from Section 9.8 and Chap. 10: Scctions 10.1 to 10.4 of Awodey)

Pedagogy: Same as for MM 604.
BOOKS RECOMMENDED:
S. Awodey: Category Theory, Oxtord Logie Guides, 49, Oxtord University Press, 2007

l.
2. L.Reihl: Category Theory in Context. Dover Modern Math Originals.2006.
V.S, Muace Lane: Caregories for the Working Mathematician. Springer Verlag, New Y ork.
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MM 705: OPTIMIZATION TECHNIQUES 11

I 1 P University Exam: 70
3 | () Internal Assessment: 30
[ime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

Ihe question paper will consist of three sections AL B and C. Sections A and B will have tour
questions cach from the respective sections ot the syllabus and Scction C will consist ol one
compulsory question having ten short answer type questions covering the entire syllabus
uniformly. Fach question in Sections A and B will be of 10 marks and Section ¢ will be of 30
murks,

INSTRUCTIONS FOR THE CANDIDATES
Candidates are required to attempt five questions in all selecting two questions from cach of the

Section A and B and compulsory question of Section C. Use of non-programmable scientific
caleulators is allowed.

Objective: Continuing the study of MM 609, this course introduces more advanced methods of

programming and introduces decision theory and simulation.
Section-A

Quadratic Programming: Wolle's modified simplex method, Beale's method for guadratie
programming. separable. convex programming.

Lincar Complimentary Problem: Lemke's complementary pivoting algorithm. solution ol
quadraticprogramming. problems using lincar complementary method.

Separable Programming: Introduction. reduction of scparable  programming to  lincar
programmingproblem. separable programming algorithm.

Goal Programming: Introduction. formulation of lincar goal programming. graphical &
simplexmethod for goal programming.

Section-B

Geometric  Programming:  Introduction.  constrained & unconstrained  geometric
programmingproblem. complementary geometric programming,

Dynamic Programming: Introduction. nature of dynamic programming (DP). solution of
discrete DPP.application of DP in lincar programming.

Decision Theory: Introduction and components of decision theory. EMV.EEOLL decision making
under uncertainty, decision making under utilines, decision making under risk,

Simulation:  Introduction.  advantages &  disadvantages.  event type.  Monte-Carlo
simulationapplication o inventory.  queucing.  capital - budgeting.  financial planning.,
mamtenance, jobsequencing, networks.

)
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Pedagogy: Same as for MM 609.
BOOKS RECOMMENDED:

I, KantiSwarup, P. K. Gupta. Man Mohan: Operations Research. Sultan Chand and Sons.
New Delhi, 2010,
C. Mohan,Kusum Deep: Optimization Technigues, New Age International. 2009,
H.S. Kasana, K.D. Kumar: Introductor: Operations Rescarch Theory andApplications
Springer. Science and Business Media. 2013
4. S.D.Sharma: Operation Research KedarnathRamnath and Co.. Meerut. 2002
5. Hamdy AL Taha: Operanons Rescarcl: An Introduction. Pearson Parentice Hall. New
Delln, 2007

L0 S ]

MM 706: HOMOLOGICAL ALGEBRA

L. | P University Exam: 70
5 | 0 Internal Assessment: 30
lime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

The question paper will consist of three sections A, B and C. Sections A and B will have fou
questions cach from the respective sections of the syllabus and Section C will consist of one
compulsory question having ten short answer type questions covering the entire sy Habus
untformiv. Fach question in Sections A and B will be of 10 marks and Section C will be of 20
nirks

INSTRUCTIONS FOR THE CANDIDATES
Candidates are required to attempt tive questions in all selecting two questions trom cach of the
Section A and B and compulsory question of Section C.
Objective: This course is a natural application of categorical methods to algebrac structures

which arise in the study ol homology and algebraic topology. The aim of the course 1s to mike
the student well conversant with homology. torsion and extension functors.

SECTION-A
Homology functors: Diagrams over a ring. translations of diagrams. translation category. split
exacl  sequence, images  and  kernel as functors. Homology  functors,  the  connecting
homonmorphism, complexes. boundary homomorphism, differentiation

homomorphism.homology modules. right and left complexes, exact homology sequence and
homotopietranslations (R.R.: Chapter 4 of Northeott ),

> A
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Projective and injective modules: Projective modules. mjective modules, an existence theorem
for mjective modules, complexes over a modules, right and left complexes over amodule
gugmentation translation and augmentation homomorphism. acyclic rnght and acyclic lefi
complexes over a module. projective and injective resolutions of a module. properties ol
resolutions of a module (R.R: Sections 3.1 10 3.5).

SECTION-B

Derived Funetors: Projective and injective resolutions of an exact sequence. properties
alresolutions of sequences. functors of  complexes. associated translations. Functors ol
iwocomplexes,  right-derived  functors. the  defining  systems  and  the conneeting
homomorphism.the functor ROT. left-derived functors. the functor LOT (R.R.: Sections 5.6 1o
0401 Northeott).

Torsion and Extension Functors: Connected sequences ol functors. connected right and
lefisequences of covariant and contravariantfunctors. homomorphism and isomorphism as
natural cquivalence between connected  sequences of functors. torsion functorstorn. basic
propertics oftorsion functors. extension functorsand basic propertics of extension functors (R.R.
Sections 6.5 to 7.40f Northeott).

Pedagogy: The mstructor should emphasize the topology problems which these algebraw
methods enable to simplify and solve.

BOOKS RECOMMENDED:

| D, G. Northeott: An introduction 1o Homological Algebra. Cambridge University
Press, 1960,

Y Charles A, Weibel: 4n Introduction 1o Homological Algebra, Cambridge Studies in

Advanced Mathematics 38. Cambridge University Press. 1995.

11 Rouman: An troduction to Homological Algebra, Springer. Universitext, 2008,

4. LR Vermani: An Elementany Approach to Homological AlgebraMaonographs and
Survevs in Pure and Applied Mathematics, 130 Chapman and Hall/CRC, 2003.

-t

MM 707: FINITE ELEMENT METHODS

l I P University Exam: 70
3 | 8] Internal Assessment: 30
e Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

[he question paper will consist of three scetions A. B and C. Sections A and B will have tour
questions cach from the respective sections of the syllabus and Section C will consist of one
compulsory question having ten short answer type questions covering the entire syllabus

15



undtormly. Lach question in Sections A and B will be of 10 marks and Section C will be ol 30
marks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt tive questions in all selecting two questions trom cach of the
Section A and B and compulsory question of Scction C.

Objective: The course introduces finite element methods and their varational formulation
SECTION-A

[ntroduction to finite clement methods. comparison with tinite difference methods, methods o
weighted residuals. collocations. Teast squares and Galerkin's method. vartationalformulation of
boundary value problems. equivalence of Galerkin and Ritz methods. Applications 1o solving
stmple problems of ordinary differentialequations.

SECTION-B

Lincar, quadratic and higher order clements in one dimensional and assembly. solution
ofassembled system, simplex elements in two and three dimensions. quadratic  triangulan
clements,rectangular clements., serendipity clements and isoperimetric elements and e
assembly  diseretization  with — curved  boundaries. mterpolation — functions.  numerical
integration,and  modeling considerations, solution of two dimensional partial ditterential
cquations under different gecometric conditions.

Pedagogy: Variational Principles should be stressed.
BOOKS RECOMMENDED:

I, LN. Reddy:/ntroduction to the Finite Element Methods. Tata McGraw-Hill, 2003,

2. KdBathe:Finite Element Procedures, Prentice-Hall, 2001

3. R.D.Cook. D.S. Malkus, M.I5. Plesha:Concepts and Applications of FiniteElemen
Inalvsis. John Wiley, 2002

o Thomas LR, Hugles: 2he Finie Element Method: Lincar Static and i nee, Findy
Element Analvsis,Courier Corporation, 2012,
5. George R. Buchanan: Finite Element Analvsis. Schoom '~ Outline 1994,

A




MM 708: FLLUID MECHANICS

I I P University Exam: 70
h) | 0 Internal Assessment: 30
Fime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

[he question paper will consist of three sections AL B and €. Sections A and B will have four
questions cach from the respective sections of the syllabus and Scction € will consist o one
compulsory question having ten short answer type guestions covering the entire syllabus
uniformly. Fach question in Sections A and B will be of 10 marks and Scetion C will be of 30
marks

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to atempt five questions m all selecting two questions from cach of the
Section A and B and compulsory question of Section €

Objectives The aim of the course is (o introduce basic cquations of Muid dynamics ke, the
Navier-Stokes equation. To study drag and drift after developing the basic theory of irrotational
non-viscous compressible flow.

SECTION-A

Fquations of Fluid Mechanics: Real and continuous fluids. differentiation following the
motion. cquation of continuity. stream function. stream lines. pressure. Fuler's cquation of
motion.. Bernoulli's theorem. steady irrotational non-viscous compressible flow. vorticity.
cireulation. Kelvin's theorem on constancy of circulation, kinctic energy.

Three-dimensional problems: lLaplace's cquation. three dimensional sources and dipoles.
sphericalobstacle ina uniform steam. moving sphere, imagces.

SECTION-B

\pplication of Complex Variable Mcthod: Conjugate functions in plane. complex potential
and incompressible flow m two  dimensions, uniform stream, source and sink. Vortex.
lwaodimensional dipole. superposition. Joukowski's transformation. Milne Thomson circle
theorem,

Blasius theorem. drag and lift.

Source and Vortex Filaments, Vortex Pair, Rows of Vortices, Karman Cortex Street,
Viscous flow:Navier-Stokes cquations. dissipation of energy. diffusion of vorticity i an
imcompressible Nuid.condition of no slip. steady flow between two parallel infinite flat plates,
steady ow through astraight circular pipe (Poiscuille Flow).

Pedagogy: Basic Physical Principles should lead to the theory of Fluid Dynamices.

Peit
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BOOKS RECOMMENDED:

. D. k. Rutherford: Fluid Dynamics Oliver and B.. 1971,
2. ¥ Chorlton: Fluid Dynamics, C.B.S. Publishers. Delhin, 1983,

MM 709: ALGEBRAIC CODING THEORY

I | P University Exam: 70
5 | ] Internal Assessment: 30
Time Allowed: 3 hours Fotal: 100

INSTRUCTIONS FOR THE PAPER-SETTER

I'he question paper will consist of three sections A, B and C. Sections A and B will have four
questions cach from the respective sections of the syllabus and Section C will consist ol one
compulsory question having ten short answer type questions covering the entire syllabus
untformly. kach question in Scctions A and B will be of 10 marks and Section C will he ot 30
marks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all selecting two questions from cach ot the
Scecetion A and B and compulsory question of Section C.

Objeetive: This is the course which introduces the applications of finite field methods 1o the
problems of the coding theory.

SECTION-A
Lrror detecting and error correcting codes, maximum likelihood decoding. hamming distance.
finite ficlds, minimal polynomials, linear codes, encoding with a lincar code. generator matris
and parity cheek matrix, dual codes. syndrome decoding.

SECTION-B
ISBN codes. new codes from old. sphere covering bound. sphere packing bound. Gilbert
Varshamov bound. perfect codes. hamming Codes, Golay codes. simplex codes. singleton bound

el MIDS codes Plotkin bound, Gricsmer bonnd. Recd-Muller codes. linear pragramn

bounds. .

Pedagogy: Necessity ol different types ot coding. their uscfulness and limitations should he

stressed.

BOOKS RECOMMENDED:

/



I S. Ling. C. Xmg: Coding Theory. Cambridge University Press, 1™ Edition, 2004(Chap. 2-
3.
> W C. Huffman. V.Pless: Fundamentals of Error Correcting Codes. Cambridge
University Press, 1'South Asian Edition, 2004 (Sec. 1.5 of Chap. 1).
VR Uil Ineroduction to Error Correcting Codes. Oxford University Press, Reprint; 1986,
2009

MM 710: COMMUTATIVE ALGEBRA

B I P University Exam: 70
3 | 0 Internal Assessment: 30
F'ime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

[he question paper will consist of three sections A, B and C. Scctions A and B will have four
questions cach from the respective sections of the syllabus and Section C will consist of one
compulsory question having ten short answer type questions covering the entire syllabus
uniformly. Fach question in Scctions A and B will be of 10 marks and Section € will be of 30
murks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required 1o attempt 1ive questions in all selecting two guestions from cach of the
Scetion A and B and compulsory question of Section ¢

Objective: This course mtroduces basic techniques o commutative algebra and discusses the
hehavior ol prime ideals under localization.

SECTION-A

Nil radical and Jacobson radical of ring, operation on ideals. extension and contraction of ideals.
the prime spectrum of ring, Zairiski topology. exact sequence of modules, tensor product of
modules. restriction and extension of scalars. exactness property of tensor product, flat modules.
tensor product of algebras. Rings and modules of fractions. localproperties.

SECTION-B
I vtended and contracted ideals in rings of fractions. Primary ideals, decomposable ideals, first
uniguetioss theorem, isolated prime ideals. second unigueness theorem. behavior ol prinary

ideals under localization. integral dependence. integrally closed integral domais, mtegrab A-
algebra, going-up theorem. going-down theorem. valuation rings.

. e
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Pedagogy: Previous knowledge of students should naturally be developed for the study of the
problenis of commutative algebra.

BOOKS RECOMMENDED:
I M.E. Atyah, L.G. MacDonald: /ntroduction 1o Commutative Algebra. Addison-Wesley
Publishing. 1969 (Chap. 1-3).

2. David S. Dummit. M, Foote: dhseract Algebra, Wiley India, 2™ Fdition, 2008
3. BoSinghs Basic Commuative Algebra. Board Scientific Publishing, 201 |

MM 711: OPERATIONS RESEARCH

2 I P University Lxam: 70
5 | 0] Internal Assessment: 30
Lime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

he question paper will consist of three sections A, B and C. Sections A and B will have fou
questions cach from the respective seetions of the syllabus and Section C will consist ol one
compulsory question having ten short answer type questions covering the entire syllabus
untformly. lach question in Sections A and B will be of 10 marks and Section C will be of 20
marks. Use of non-programmable calculator is allowed,

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions m all selecting two questions from cach of the
Section A and B and compulsory question of Section €.

Objective: This very pracucal and useful subject introduces the students to queung prohlems
mventory models, network analysis and project management

SECTION-A

Queucing Problems: Characteristics of queucing system. distribution in queucing sysiems,
Poisson arrivals and exponential service time, transient and steady state, probabilistic queucing
models (Model [ (M/M/1)(e0/FCFS), Model 1T A (General Erlang queueing model). Model 1
B(M/M/1): (00/SIRO), Model 11l (M/M/1) : (N/FCFS). Model IV (M/M/S): (so/FCIS),
Model V. (M/M/S); (N/FCFS), Model VI A(M/ Ek/1): ( eo/FCIS),Model VIB(M/ Ek/
1):( 1/FCES), measures and their solutions.

Inventory Models: Introduction. costs mvolved in inventory problems. variables i mventon

problems. classiticaton ol mventory models. deterministic inventory model. (DIM. bisic
1y

ceanonie order quantity. (£OQ) models with no shortages: Mode! Tay, Iiby, 1) DIV
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Jortages: Model Tigay, Teh), Tie). multi item deterministic inventory models: Models 1),
1) ey, mtroduction to stochastic inventory models.

SECTION-B

Replacement & Maintenance Problems: Replacement policy when moncey value changes and
does not change with time. group replacement of item that fails suddenly. the general renewal
PPHOCUSS

Network Analysis: Introduction to networks, minimal spanning tree problem. shortest path
problem. Dijkastra’s algorithm. Floyd's algorithm, maximum flow problem.

Project Management: Critical path method. critical path computations, optimal scheduling by
(' PM. project cost analysis. PERT, distinction between CPM and PERT.

Pedagogy: Same as for MM60Y.
BOOKS RECOMMENDED:

| KantiSwarup. P. K. Gupta, Man Mohan: Operations Research, Sultan Chand and Sons.
New Delhi. 2010
¢, Mohan and Kusum Deep: Optimization Technigues. New Age International. 2009,
1S, Kasana. K.D. Kumar: Iitroductory Operations Rescarch. Theory and Applications.
Springer. Science and Business Media, 2013,

1 S.D.Sharma: Operation Research, KedarnathRamnath& Co.. Meerut.. 2002,

. Hamdy A. Taha: Operations Rescarch, An Introduction. Pearson Parentice Hall. New
Dethi.2007

-
“
.

MM 712: WAVELETS

| | P University Exam: 70
5 | 0 Internal Assessment: 30
I'ime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

The question paper will consist of three sections A, B and C. Scctions A and B will have four
questions cach from the respectise sections of the syllabus and Scetion C will consist ol one
compulsory question having ten short answer type questions covering the entire syllabus
aniformiv. Fach question in Sections A and B will be of 10 marks and Scction C will be of 30
marks

INSTRUCTIONS FOR THE. CANDIDATES

Candidates are required o attempt live questions i all selecting two questions from cach ol the
section A and B and compulsory guestion of Section €

ﬂ{%‘/i/ L”



Objective: The course ntroduces the theory of wavelets which has many apphcations 1
communication and fundamental physical theory. It has important applications m Intage
processing. thereby conneeting this field with computer science as well,

SECTION-A

Fourier  transforms  and  1ts  basic propertics.  Poisson’s  summation  formula,  Gibly's
phenomenon, Heisenberg uncertainty principle. applications of Fourier transforms to ordimin
and partialdifferential equations.Classification and joint time frequency analysis ol stgnals.
definition. examplesandbasic propertics of Gabor transforms. frames and frame operators. Zak
transtorms: definition andbasic properties.

SECTION-B

Dot did discrcte- timie and  comtinuous  wavelcn transtoriis, saling  fuiictioiis, il
resolution analysis (MRA). wavelet functions. Parseval’s theorem and examples of waveler
expansion.  Wavelet transtorms for partial differential cquations: general procedure. crror
estimation by wavelet basis. introduction to signal and image processing, representation ol
stgnals by frames.

Pedagogy: The pure mathematical knowledge of students like Fourier Analysis should be put 1o
practical use in this course.

BOOKS RECOMMENDED:

I~ C. S.Burrus, R. A, Gopinath. 1. Guo: Introduction to Wavelets and Weaveler Transforms.
Prentice Hall, 1997,
2 CKChuiida titroduction to Wavelers. Academic Press. 1992
3. Loknath Debnath: Waveler Transforms and Their Applications. Springer.Birkhause:
Fdition, 2015,
A Abul Hasan Siddiqgi: Applicd Functional Analvsis: Numerical Methods. Waveler Methods
and Image Processing, Marcel Decker, New York. 2004,

W' f//’j .
~
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MM 713: Non Lincar Programming

| | P University Exam: 70
S | (0 Internal Assessment: 30
Fime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

I'he question paper will consist of three seetions A, B and C. Sections A and B will have four
questions cach trom the respective scetions of the syllabus and Scction C will consist of onc
compulsory question having ten short answer type questions covering the entire syllabus
uniformly. Each question in Sections A and B will be of 10 marks and Section € will be of 30
murks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates we required 1o attempt five guesiions i all seleciing two questions from cach ol i

Saenon A and 1B and compulsory question of Section C.
SECTION -A

Non-lincar  Programming:  Dctinition & examples ol non-lincar programming. ils
formulation.unconstrained problems. constrained  problems with equality and incquality
constraints. Fritz-Johnand Kuhn-Tucker optimality conditions . saddle point , Lagrange’s method
ol solution.

Direet Search Methods: Solution of unconstrained non-lincar optimization problems. One-
Dimensional Problems: dichotomous search, Fibonacci search. golden-section scarch,

Rusen Brock search method. methods requiring function to be differentiable: biscction method.
method of false position. Newton-Raphson method. quadratic interpolation method. cubic
mierpolation method.

Direet Search Methods for multidimensional optimization problems: Evolutionary scarch
method. simplex search method.

SECTION-B

Gradient search based methods for Multidimensional nonlinear optimization problems:
Unconstrained problems: Hooke & Jeeves method. Steepest Descent method. Newton-Raphson
method. Marquardt’s method. Conjugate direction methods: Coneept of conjugate directions,
basic conjugate-direction method. method of Fletcher-Reeves, Partan method.

Constrained optimization Problems: Solution through Kuhn-Tucker conditions, penalty
(unction method (interior penalty function method and exterior penalty function method).
Methods of feasible directions: Zoutendijk method. Gradient Projection method. Wolfe's
reduced gradients method.

BOOKS RECOMMENDED:

peti
pan % K



I M.S.Bazaraa. Sherali, D Hanif, C.M.Shety:Nonlinear Programming. Theorv and
Hgorithm, John Wilev, 2™ dition. 1993,
2 CoMohan Kusum Deep:Optimization 1ec haigues, New Age International. 2009,
3o DMLSImmons: Non-Linear Programming jor Operations Kesearch, Prenuce Hali,
1975, _
4 M AvrielNon-linear Programming: Analvsis and Methods. Prenticeltlall, Englewood

Chtfs. 1976,
MM 714: COMPUTATIONAL TECHNIQUES
l. I P University Exam: 70
5 | 0] [nternal Assessment: 30
l'ime Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

Fhe question paper will consist of three sections A, B and C. Sections A and B will have fou
duestions cach from the respective sections ol the syllabus and Section C will consist of one
compulsory question having ten short answer type questions covering the entire syllabus
uniformly. Lach question in Sections A and B will be of 10 marks and Scction C will be ol 30
marks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all selecting two questions from cach of the
Section A and B and compulsory question of Section C. Use of non-programmahle scientili
calculators is allowed.,

Objective: The course introduces numerical techniques in the solutions of some of the mosi
important and frequently oceurring equations in nature mcluding advanced methods like splines

SECTION-A

Introduction 1o Hermite interpolation and computation of piecewise cubic.l lermite polvnomials.
precewse Hermite interpolation and computation of piccewise Hermite polynonials, it
Birkhotfinterpolation problem, Runge example.Piecewise cubic Bessel interpolation. basic
properties of splines, construction of local basis. B —splines. Equally spaced knots. perfec
B —splines. dual basis, zero propertices. sign properties of green’s function. derivatives.
precewisepolynomial representation,

SECTION-B
Piccewise constants and lincar tunction. direct theorems in intermediate spaces. lower bounds.
N —=Widths periodic splines. natural splines. g-splines. monosplines, discrete splines. Green's

function. I'chebychefTian spline functions,




BOOKS RECOMMENDED:

' Carl de Boor: A Practical Guide 1o Splines Springer. Applicd mathematical Science. 1M
[~dition. 1978,
D PM. Prenter:Splines and Variational Methods, Dover Publications, 2008.
3 Larry L Schumaker:Spline Functions: Basic Theory. Cambridge Mathematical Library.
3 Edion, 2007,

MM 718: MATHEMATICS OF FINANCE

I T P University Exam: 70
5 I 0 Internal Assessment: 30
[1me Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

I'he question paper will consist of three sections A. B and C. Sections A and B will have four
questions cach from the respective sections of the syllabus and Scction C will consist of on¢
compulsory question having ten short answer type questions covering the entire syllabus
aniformly. Each question in Sections A and B will be of 10 marks and Section C will be of 30
marks

INSTRUCTIONS FOR THE. CANDIDATES

Candidates are required 1o attempt two questions cach from the sections A and 13 ol the question
paper and the entire section C

Objective: Different market models are studied and applicd 1o the dynamics of stock prices.
SECTION-A

v simple market model, basic notions and assumptions. no arbitrage principle. one-step binomial

model, risk and return, forward contracts. call and put options, managing risk with options. Risk-

lree assels. lime value of money. simple interest, periodic compounding. streams of payments,

continuous compounding. how to compare compounding methods. money market. zero-coupon

bonds. coupon bonds. money market account.

SECTION-B

Risky assets. dvnamics of stock prices. return. expected return. binomial tree model. rnsk-neutral
probability. martingale property. other models, trinomial tree model and continuous-time lmit.

B



Discrete time market model, stock and money market models. investment strategies, the
principle of no arbitrage. application to the binomial tree model. fundamental theorem ol asset
pricing.

BOOKS RECOMMENDLED:
Lo R Williams: Introduction to Mathematicos of Finance. AMS. 2006,

Yo MarekCapiski. Tomasz Zastawniak: Mathematios  for Finance: An Ditrodiee o
Financial Engineering, Springer, 2003,

MM 716: MATHEMATICAL METHODS

I | P University Lxam: 70
5 | 0] Internal Assessment: 30
Time Allowed: 3 hours Fotal: 100

INSTRUCTIONS FOR THE PAPER-SETTER

The question paper will consist of three sections A. B and C. Sections A and B will have four
questions cach from the respective sections of the syllabus and Scction C will consist of one
compulsory question having ten short answer type questions covering the enure sy llibyis
unttormly - Liach question in Sections A and B will be of 10 marks and Section ¢ will ke of 30

taths,
INSTRUCTIONS FOR THE CANDIDATES

Candidates are required 1o attempt five questions in all selecting two questions [rom cach of the
Seetton A and B and compulsory question of Section C.

Objective: This course teaches integral equations and variational methods.
SECTION -A

Lincar mtegral equations of first and sccond kind., Abel's problem, relation  between
lincardifferential equation and Volterra's equation. non-lincar and singular equations. solution
bysuccessive  substitutions.  Volterra's — equation,  iterated  and reciprocal  lunclions,
Volterra'ssolution of Fredholm’s equation. Fredholm's equation as limit of finite system ot
lincar cquations. Hadamard’s  theorem. convergence proof, Fredholm's two  Tundamental
relations, Fredholm’s solution of integral equation when D(x) = 0.Fredholm’s solution of
Lirichiet’s problem and Neumann's problem. lemmas on iterations of symmelric Kernel.
Schwarz’s inequality and its applications.

SECTION -B

”k[ﬂ,--'fd /ty \/&\//%Q/



sumple variational problems. necessary condition for an extremum. Euler’s cquation. end point
problem. variauonal derivative, invariance of Euler's equation. fixed end point problem for
unknown functions. Variational problem in parametric form, functionals depending on higher
order derivatives. Euler-Lagrange equation. first integral of Euler-Lagrange cquation. geodesics.
the brachistochrone, minimum surface of revolution, brachistochrone from a given curve Lo a
fixedpoint. Snell’s law, Fermat's principle and calculus of variations.

BOOKS RECOMMENDED:

|13, Hildebrand:Method of Applicd Mathematics, Prentice Hall, India. 1965,

Y ILM. Gelfand. S.V. Fomin:Caleulus of Variations. Prentice Hall, India, 1961,

Y W.W. Lovitt:Linear Integral Equations. Tata McGraw- 1ill, India, 1950.

4 Robert Weinstock: Caleulus of Variations, McGraw-Hill, London. 1974,

S 1.B. Chambers:fnregral Equations, International Text Book Co. 1976,

MM 717: ANALYTIC NUMBER THEORY

l T P University Fxam: 70
5 I (0 Internal Assessment: 30
[1me Allowed: 3 hours Total: 100

INSTRUCTIONS FOR THE PAPER-SETTER

he question paper will consist of three sections A. B and C. Sections A and B will have four
questions cach from the respective sections of the syllabus and Section C will consist of” onc
compulsory question having ten short answer type questions covering the entire syllabus
untformly. Fach question in Sections A and B will be of 10 marks and Section C will be of 30
mirks.

INSTRUCTIONS FOR THE CANDIDATES

Candidates are required to attempt five questions in all scleeting two questions from cach of the
Seetion A and B and compulsory question of Section C.

Objective: The aim of this course is the study ol arithmetical functions.
SECTION -A

writhmetical  Functions:  Mobws  funcoon,  Faler's  totient function.  mangold
fanction.Laouville's function, the divisor functions. relation connecting @and g, product formulu
for (). Dirchlet product of arithmetical functions, Dirichlet inverses and Mobius inversion
ormala. multiplicative  functions.  Dirichlet: multiplication.  the inverse of a completely
multiplicative function, generalized convolutions,

31



Averages of Arithmetical Functions: The big oh notation. asympotic cquality of functions.
Luler’s  summation  formula, elementary  asymptotic  formulas. average  order  of
r.f(n),cp(n).n‘,(n).;c(n).A(n). the partial sums of a Dirichlet product, applications 1o
p(n)andA(n). Legendre's identity.

SECTION -B

Some elementary theorems on the distribution of prime numbers:Chebyshev's functions
W(x) and 0(x), relation connecting @(x) and 11(x), Abel's identity, equivalent forms of Prime
number theorem. inequalities for I(n) and P,. Shapiro's Tauberian theorem. apphications o
Shapiro’s theorem, asymptotic formula for the partial sums X,,.“.-::. Elementary properties of
groups. characters of finite abelian groups. the character group., orthogonality relations (o
characters, Dinchler characters, Dirichlet’s theorem for primes of the form 4n — i and 4n + 1.
Dirichlet’s theorem in primes on arithmetical progression, distribution of primes in arithmetical
progression.

Pedagogy: 1he course should be taught as a direct application of mathematical analysis.

BOOKS RECOMMENDED:

..M. Apostol: lntroduction to Analviic Number Theorv. Springer, Science and Business
Mudia, 1995,

20 M. Ram Murtic Problems in Analvtical Number Theory. Springer, Graduate Text
inMathematics, New York. 2000,
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