Department of Mathematical Sciences
Course Structure and Syllabus of Ph.D. course worlkh Mathematical Sciences

(To be effective from AT 2013)

Course Code Course Name L-T-P CH Credit

MS 701 Research Methodology 0-1-4 5 3
Mathematical Sciences-I

MS 702 Research  Methodology 0-1-4 5 3
Mathematical Sciences-lI|

*MS 750 Research  Methodology 2-0-2 6 4
Mathematical Sciences

* 7o be effective from SP 2014 replacing MS 701 and MS 702.

Elective Courses

Course Code Course Name L-T-P CH CR
MS 753 Magnetohydrodynamics 2-2-0 4 4
MS 754 Programming & Numerical Methods 2-0-2 6
MS 755 Ramanujan's Theta Functions and Applications to ben2-2-0 4 4
Theory
MS 756 Topological Structures 2-2-0 4 4
MS 757 Fuzzy Sets & Fuzzy Logic 2-2-0 4 4
MS 758 Algebraic Methods in Operator Theory 2-2-0 44
MS 759 Probability Measure, Random Variable and Probat2-2-0 4 4
Distribution
MS 760 Operators on Spaces of Analytic Functions 2-2-0 4 4
MS 761 Theory of Distributions and Sobolov Spaces 2-2-0 4 4
MS 762 Finite Element Methods (FED) for PDEs 2-2-0 4 4
MS 764 Advanced Matrix Theory 2-2-@ 4
MS 765 Non-Negative matrix Theory 2-2-0 4 4
MS 766 Number Fields and Elliptic Curves 2-2-0 4 4
Ms 767 Theory of Rings and Modules 2-2-0 4 4

L: Lectures T: Tutorials P: Practical CH: Contaciuss (all per week) CR: Credit

A student has to complete total 16 Credit includresearch Methodology in Mathematics (MS-750);
any two from the above elective courses Total Credit form elective coursesto be completed by a
student= 8, one CBCT course of CR-4 offered by other departsné&iective courses (as and when
offered shall be open as CBCT to other departments.



Detailed Syllabus

Compulsory Courses

MS 701 Research Methodology in Mathematical Scieas-I (LO-T1-P4-CH5-CR-3)

Unit 1- Introduction
What research basically means, Research need gfiddtion, Brief history and expectation,
Research ethics, Plagarism, Prospects of a reszarateer, Basic preparation and requirements.

Unit 2- Objectives and types of research
Motivation and objectives, Research methods vshaustiogy, Type of research- Descriptive vs.
Analytical, Applied vs. Fundamental, Quantitativee Qualitative, Conceptual vs. Empirical.

Unit 3- Research Formulation

Defining and formulating research problem, Selecimoblem, Necessity of defining the problem,
Importance of literature review in defining a prefol, Literature review-primary and secondary
sources of literature- reviews, treatise, monogsgpdtents, web as a source-searching the web,
critical literature review- identifying gap areasorh literature review, Development of working
hypothesis. Formulation and steps of the reseaxmgbogal.

Unit 4- Research design and method

Basic Principles, Need of research design-Feattiege good design, Important concepts relating to
reseach design- Observations and Facts, Laws aedri€h, Prediction and Explanation, Induction,
deduction, development of Models. Research plan eldpment-Exploration, Diagnosis,
Experimentation. Experiment and Sample designs.

Unit 5- Data collection and Analysis

Observation and collection of data- primary andosdary data, Methods of collection of data-
Sampling methods, Data processing and analisiragegfies, Data analysis with statistical methods,
Hypothesis testing, Generalization and Interpretesti

Text Books:
1. C. R. KothariResearch Methodologg™ Ed. Wiley Eastern, New Delhi, 1985.
2. Anthony, M., Graziano, A. M. and Raulin, M.Research Methods: A Process of Inquiry
Allyn and Bacon, 20009.

Reference Book
1. John W Best, V. KahiResearch in Educatio8" Ed. PHI Publication, 1998.
3. Ranjit KumarResearch Methodology-A step by step guide for begin2"® Ed. Pearson
Education, 2005.

MS 702: Research Methodology in Mathematical Sciees -l (LO-T1-P4-CH5-CR-3)

Unit 1- Computer Applications
Utility software- Public liscense and Proprietarypftdare, Data analysing software (PSPP),
Typesetting software (LaTex), Software for plagari(Similarity-tester).



Unit 2-Reporting and thesis writting

Structure and components of scientific reports-t&tpsournal paper, Technical report and Thesis,
Book and book chapters. Significance of differetéps in preperation-Layout, Structure and

Language of different reports, Illustrations andbl€a, Bibliography, Referencing and Foot note, End
note. Oral presentation-planning, Preperation, tR&cMaking presentation-use of Audio-visual aid,

Importance of effective communication.

Unit 3 — Documentation and research output accessimie
Research communication and publication, Impactofaahd citation, Scientific Citation Index and
Extended list, H-index and i-10 index, Patent emgalty.

Unit 4 — Application of result and ethics

Impacts- acdemic, environmental, industrial, marksacial. Ethical issues, ethical commitees,
commercialization, copyright, royalty, intelectugroperty rights, reproduction and published
materials, plagarism, reproducibility and accouititgtof results.

Text Books:
1. C. R. KothariResearch Methodologg™ Ed. Wiley Eastern, New Delhi, 1985,
2. Anthony, M., Graziano, A. M. and Raulin, M.Research Methods: A Process of Inquiry
Allyn and Bacon, 20009.

Reference Book
1. John W Best, V. KahiResearch in Educatio$™ Ed. PHI Publication, 1998.
2. K.N. Krishna swami and otheidanagement Research Methodology-Integration of
principles, methods and Techniqu&SEd. Pearson Education, 2009.

MS 750: Research Methodology in Mathematical Sciees (L2-TO-P2-CH6-CR-4)

Unit 1- Introduction
What research basically means, Research need atidation, Brief history and expectation,
Research ethics, Plagarism, Prospects of a reszarateer, Basic preparation and requirements.

Unit 2- Objectives and types of research
Motivation and objectives, Research methods vshaustiogy, Type of research- Descriptive vs.
Analytical, Applied vs. Fundamental, Quantitativee Qualitative, Conceptual vs. Empirical.

Unit 3- Research Formulation

Defining and formulating research problem, Selectmoblem, Necessity of defining the problem,
Importance of literature review in defining a predol, Literature review-primary and secondary
sources of literature- reviews, treatise, monogsgmtents, web as a source-searching the web,
critical literature review- identifying gap areasorh literature review, Development of working
hypothesis. Formulation and steps of the reseaxmbogal.

Unit 4- Research design and method

Basic Principles, Need of research design-Feattiege good design, Important concepts relating to
reseach design- Observations and Facts, Laws aedri€h, Prediction and Explanation, Induction,
deduction, development of Models. Research plan eldpment-Exploration, Diagnosis,
Experimentation. Experiment and Sample designs.



Unit 5- Computer Applications
Utility software- Public liscense and Proprietarpft&#are, Data anlysing software, Typesetting
software, Mathematical software. Software for pteya.

Unit 6- Data collection and Analysis

Observation and collection of data- primary andosdary data, Methods of collection of data-
Sampling methods, Data processing and analisiragegfies, Data analysis with statistical methods,
Hypothesis testing, Generalization and Interpretesti

Unit 7-Reporting and thesis writting

Structure and components of scientific reports-tétpsournal paper, Technical report and Thesis,
Book and book chapters. Significance of differetéps in preperation-Layout, Structure and

Language of different reports, Illustrations andbl€a, Bibliography, Referencing and Foot note, End
note. Oral presentation-planning, Preperation, tR&cMaking presentation-use of Audio-visual aid,

Importance of effective communication.

Unit 8 — Documentation and research output accessmie
Research communication and publication, Impactofaand citation, Scientific Citation Index and
Extended list, H-index and i-10 index, Patent emalty.

Unit 9 — Application of result and ethics

Impacts- acdemic, environmental, industrial, marksacial. Ethical issues, ethical commitees,
commercialization, copyright, royalty, intelectugroperty rights, reproduction and published
materials, plagarism, reproducibility and accouititgtof results.

Text Books:
1. C. R. KothariResearch Methodologg™ Ed. Wiley Eastern, New Delhi, 1985,
2. Anthony, M., Graziano, A. M. and Raulin, M.Research Methods: A Process of Inquiry
Allyn and Bacon, 20009.

Reference Book
1. John W Best, V. KahiResearch in Educatio$” Ed. PHI Publication, 1998.
2. K.N. Krishna Swami and otheiddanagement Research Methodology-Integration of
principles, methods and Techniqu#SEd. Pearson Education, 2009.
3. Ranjit KumarResearch Methodology-A step by step guide for begin2™ Ed. Pearson
Education, 2005.



Elective Courses
(Any two are to be chosen by a student)

MS 753 Magnetohydrodynamics (L2-T2-P0-CH4-CR4)

Unit-1
The MHD approximations, The Kinematic aspects ofMH

Unit-2
The magnetic force and its effects.
Unit -3
Linear MHD, Non-dimensional numbers in MHD,
Unit-4
Alfrin's theorem and some consequences of Alftimeprem.
Unit-5
Stability of MHD Flows, turbulance in MHD.
Textbook(s)
1. Shercliff, J. A. A Text Book of Magnetohydratmics (Pergamon, New York, 1965).

Reference book(s)
1. Ferraro, V. C. A. & Plumpton, C. An Introdwartito Magneto-fluid Mechanics (Oxford
University Press, 1961).
2. Pai, S. I. Magnetohydrodynamics and Magretdgnamics (PN, 1955).

MS 754 Programming and Numerical Methods (B-TO-P2-CH6-CR4)

Unit-1
Approximation and algorithms.

Unit-2
Interpolation: Lagrange interpolation, finite diféaces, iterated and inverse interpolation, Hermite
interpolation.

Unit-3
Numerical integration: Newton-Cotes formulas, Garsgjuadrature, composite quadrature formulas,
adaptive integration.

Unit-4
Functional approximation, least squares approxonatininimum-maximum error techniques.
Chebyshev polynomials.

Unit-5
Solution of non-linear equations: functional itevat bisection, secant, Newton-Raphson. Solving
problems with FORTRAN 77.



Unit-6
Solution of linear systems: direct methods- Galissration, LU decomposition matrix inversion.
Solving problems with FORTRAN 77.

Unit-7
Iterative methods: Jacobi Method, Gauss-Seidel otetBOR method. Eigenvalue problems: power,
inverse power method. Solving problems with FORTRAN

Unit-8
Numerical solutions of ODE’s: Taylor series, Eudad Runge-Kutta methods. Solving problems with
FORTRAN 77.

Textbook(s)
1. F. B. Hilderbrand, Introduction to Numerical#lysis (Tata McGraw Hill, New Delhi,
1974).
2. S. S. Sastry, Introductory methods of NuméAeelysis (Prentice Hall of India, New

Delhi, 1977).

Reference book(s)
1. M. K. Jain, S. R. K. lyengar, R. K. Jain, Nuioal methods, Problems and solutions,
(New Age International (P) Ltd., 1996).



MS 755 Ramanujan’'s Theta Functions & Applications ® Number Theory
(L2-T2-P0-CH4-CR4)

Unit-1
Ramanujan's general theta-function, special casddleir relationsg-series and infinite products,
Jacobi triple product identity.

Unit-2
Schréter's formulae and theta-function identitied &amanujan’s Modular equations.

Unit-3
Class invariants, Evaluation of class invariantgl€it values of theta-functions

Unit-4
Ramanujan’s continued fractions and explicit values

Unit-5
Applications of theta-functions and modular equadito the theory of partitions.

Unit-6
Ramanujan’'s famous congruences for the partitioigtion, Rogers-Ramanujan-type functions and
partition theoretic interpretations.

Textbook(s)
1. Berndt, B. C.Number Theory in the Spirit of Ramanuj&MS, 2006).
2. Andrews, George EThe Theory of Partitions @dition-Wesley, Reading, MA, 1976).

Reference book(s)

1. Berndt, Bruce C.Ramanujan's Notebookgart IIl, IV and V (Springer, 1991, 1994, 1998).

2. Whittaker, E. T. and Wilson, G. NA Course in Modern Analysi€ambridge University
Press, Cambridge, 1966. Indian edition is publishy Universal Book Stall, New Delhi,
1991).

3. Agarwal, R. P, Resonance of Ramanujan's Mathemati¥s). | & Il (New Age
International (P) Limited, New Delhi, 1996).

4. Hardy, G. H, RamanujanAMS-Chelsea, New York 1999).



MS 756 Topological Structures (L2-T2-P0-CH4-CR4)

Unit-1
Basics of point set topology

Unit-2

Uniform structures, uniform continuity, completeseand completions, metrizability of uniform
spaces; different uniform structures in topology,

Unit-3

Paracompactness, countably paracompact space,ywaakistrongly paracompact space, metrization
results;

Unit-4

Dimension theory, basic properties of three dimam$unctions ind, Ind and dim, properties of dim,
the imbedding theorem.

Textbook(s)
1. Willard, S.,Topology( Addision -Wesley, Reading, 1970)
2. Kelley, J.L.Topology Graduate texts in Mathematics, Vol. 27, Spring881)).

Reference Book(s)
1. Bourbaki,N.Elements of Mathematics: General Toplogyls | & Il (Springer-
Verlag, 1988).
1. Engelking, R..Topology Heldermann Verlag, 1989).
2. Munkers, J.R., Topology (Pearson Rducation Ina@0020



MS 757 Fuzzy sets and Fuzzy Logic (L2-T2-P0O-CH4-CR4)

Unit-1

Fuzzy sets - basic definitions, alpha-level sedgyex fuzzy sets, basic operations on fuzzy sgbest

of fuzzy sets, cartesian products, algebraic prisjumounded sum and difference, t-norms and t-
conorms.

Unit-2
The extension principle - the Zadeh's extensiongple, image and inverse image of fuzzy sets,
fuzzy numbers, elements of fuzzy arithmetic.

Unit-3
Fuzzy relations and fuzzy graphs, composition dfzjurelations, min-max composition and its
properties, fuzzy equivalence relations, fuzzy ggap

Unit-4
Fuzzy logic, fuzzy propositions, fuzzy quantifietgguistic variables, inference from conditional
fuzzy propositions, compositional rule of inference

Unit-5

Approximate reasoning - an overview of fuzzy exggtems, fuzzy implications and their selection,
multi-conditional approximate reasoning, role okZy relation equation. Rough sets, intuitionistic
fuzzy sets and applications

Textbook(s)
1. G. J. Klir and B. YuanFuzzy Sets and Fuzzy Logic: Theory and Applicat{®nentice
Hall of India, New Delhi, 1997).
2. H. J. Zimmermannkuzzy set theory and its Applicationsllied publishers Ltd., New
Delhi, 1991).

Reference book(s)

1. D. Dubois and H. Pradéuzzy sets and systems: theory and applicatidnademic Press,
New York, 1980).

2. A. Kandel, Rizzy mathematical techniques with applicationdddison-Wesley,
Reading, Mass, 1986).

3. A. Kaufmann, and M. M. Guptdntroduction to fuzzy arithmetic: theory and ajgplions
(Van Nostrand Reinhold, New York, 1985).

4. B. Kosko,Fuzzy thinking: the new science of fuzzy I¢glamingo, 1994).



MS 758 Algebraic Methods in Operator Theory (L2-T2-P0-CH4-CRA4)

Unit-1
Fredholm operators, Semi-Fredholm operators, imdexFredholm (semi-Fredholm) operator.

Unit-2
Weighted shifts and their norm and spectral radii.

Unit-3
Normaloid, convexoid and spectraloid operators

Unit-4
Toeplitz operators

Unit-5
Transitive, Reductive,Reflexive operator algebras.

Unit-6
Strictly cyclic and cyclic operator algebras, tgafar and quasi triangular operator algebras.

Unit-7
The Hardy Spaces, Beurling’s Theorem and its exdessThe Inner-Outer Factorization of Functions
in HA2.

Textbook(s)
1. R. G. DouglasBanach Algebra Techniques in Operator The@gademic Press 1972).
2. Conway, J. B.A course in Operator TheolAMS., GSM Vol. 21, 1999).
3. Abramovich, Y. A. and Aliprantis, C. DAn Invitation to Operator TheorfAMS, GSM
Vol. 50, 2002).

Reference book(s)

1. H. Radjavi and P. Rosenthldvariant Subspace$pringer Verlag, 1973.

2. D. A. Herrerp Approximation of Hilbert Space OperatorsRitman Advanced Publishing

Program, 1982.

3. D.A. HerreroApproximation of Hilbert Space Operators Ritman Advanced
Publishing Program, 1984.
P. R. HalmosA Hilbert Space Problem Bopkl Edn. D. Van Nostrand Co., 1974.
Bernard Beauzamyntroduction to Operator Theory and Invariant Suases North
Holland, 1987.
6. M. Rosenblum and J. Rovnydkardy Classes and Operator Thepiyover Publications,

Inc., 1997.

o s



MS 759 Probability Measure, Random Variable and Pobabilty Distribution
(L2-T2-P0-CH4-CR4)
Unit-1
Definition of probability measure on a sample spaebesgue measure, measurable sets, measurable
functions and random variables. Probability disttibn of a random variable.

Unit-2
Lebesgue Integral and Expectation of a random blriand Extension theorem.

Unit-3
Probability measures defined on complete, separabtac spaces. The concept of tightness, Weak
convergence, Portmanteau theorem.

Unit-4
Prohorov's theorem. Weiner Measure, Brownian Bidg

Unit-5

Sequences of random variables, almost sure conweggeonvergence in probability and convergence
in law of distributions. Laws of Large numbers, @ahlimit theorems, Berry-Esseen theorem.
Empirical process and Glivenko-Cantelli theorem.

Textbook(s)
1. Billingsley, P Convergence in Probability Measurgdohn Wiley and Sons, 1999).
2. Chow and TeichePRrobability Theory, Independence, Interexchangéads| Martingales
(Springer-Verlag, 1997).

Reference book(s)
1. Ash, R. B. Probability and Measure Theory, Second Edi{i¢farcourt/Academic Press,
2000).
2. Feller, W.An Introduction to Probability Theory and Its Apgations,\ol. Il (John Wiley
and Sons, 1965).



MS 760: Operators on Spaces of Analytic Functions LR-T2-P0-CH4-CR4)

Unit-1
Preliminaries in Operator Theory : Operators on d&&#n Spaces and Hilbert Spaces, Compact
operators, Schatten class operators, Hilbert-Sahopierators.

Unit-2
Theory of Bergman Spaces : Bergman type projectiBasgman metric, Atomic decomposition, The
Bloch space.

Unit-3
A study of Hardy spaces H”™p with special referetwehe Hardy-Hilbert space H"2, Hankel and
Toeplitz operators on the H*2 space.

Unit-4
Hankel and Toeplitz operators on the Bergman sp&oenposition operators on the Hardy and
Bergman spaces.

Textbook(s)
1. Ruben A. Martinez-Avendano and Peter Rosenfhralintroduction to Operators on the
Hardy-Hilbert SpacéSpringer, 2007).
2. Kehe ZhuQperator Theory in Function Spa¢cedecond Edition (Marcel Dekker, 2007).
3. John B. Conwa course in Operator TheoAmerican Mathematical Society, 1999).
Reference book(s)
1. Peter L. Duren, Alexander SchustBergman SpaceAmerican Mathematical Society,
2004).
2. Haakan Hedenmalm, Boris Korenblum, Kehe Zrhgory of Bergman Spacé€Springer,
2000).
3. Ronald G. DouglasBanach Algebra Techniques in Operator TheoBecond Edition,
(Springer, 1998).
John B. Conwaw course in Functional Analys{S$pringer-Verlag, 1997).
Kenneth HoffmapBanach Spaces of Analytic Functigbover, 1988).

o s



MS 761 Theory of Distribution and Sobolev Spaces (L2-T2-P0-CH4-CR4)

Unit -1
Inner Measure, Outer Measure, Measurable SetsshekeVieasure, Measurable functions, Lebesgue

Integration, I, spaces.

Unit -2
Test functions and distribution, Generalised denves, Some operations on distribution, The Fourier

transform, The inverse Fourier transform.

Unit -3
Sobolev norms and associated spaces, Extensiorethgplnclusion relations and Sbolev’s inequality,

Negative norms and Duality, Fractional order Sobsigace, trace Theorems

Unit -4
Interpolation, Bounds for the interpolation errémyerse estimates, Interpolation of non-smooth

functions

Textbook(s)
1. B. Daya Reddylntroductory Functional Analysis : With Applicatis to Boundary Value
Problems and Finite Elemen{Springer, 1997).
2. Robert S. Strichartz A guide to Distribution Theory and Fourier Tréosns, Studies in
Advanced Mathematics (CRC Press, USA ,1994).
3. S. Kesavariopics in Functional Analysis and Applicationsiley Eastern Limited, 1989).

Reference book(s)
1. R.A. Adams and John J. F. Fourniggbolev SpacegAcademic Press, 2003).
2. Soo0-Bong Chad,ebesgue Integration(Springer-Verlag, 1994).
3. Elliot H. Lieb and Michel LossAnalysis Narosa Publishing House, New Delhi, 1997).



MS 762 Finite Element Methods (FEM) for PDEs (L2-T2-P0-CH4-CR4)

Unit -1
Variational formulationLax-Milgram TheoremRegularity estimate<onstruction of Finite Element

Space, Finite Element Approximation to Elliptic B\Ebnvergence Analysis

Unit -2
Variational formulation, Semi-discretization, Distization in space and time, The backward Euler

and Crank Nicolson methods, Error Analysis

Unit-3
Variational formulation, Semi-discretization, Futliscretization, Error Analysis.
Effect of Numerical Quadrature: Curved Elements, Numerical quadrature, Isoparamétimite

Elements.

Unit -4
Introduction to Mixed FEM, Discontinuous Galerkirelhod
Textbook(s)
1. S.C.Brenner and L.R. Scolithe Mathematical Theory of Finite Element Methods
(Springer-Verlag, 1994).
2. J. N. Reddy, Arintroduction to the Finite Element Meth@dcGraw-Hill, Inc., 1993).
3. Stig Larsson and Vidar ThoméRartial Differential Equations with Numerical Mettis,
(Springer, 2005).

Reference book(s)
1. P. G Ciarlet,The Finite Element Method for Elliptic Problem®orth Holland,
Amsterdam, 2002)
2. V. Thomee Galerkin Finite Element Method for Parabolic Plems
(Springer- Verlag, 1997).
3. C. JohnsonNumerical Solution of Partial Differential Equatis by Finite Element
Method(Dover Publications, 2008).



MS 764 Advanced Matrix Theory (L2-T2-P0O-CH4-CR4)
Prerequisites: MS 403 Linear Algebra

Unit-1
Review of Linear Algebra

Unit-2
Unitary matrices, Unitary equivalence, Normal nes, Schur’s theorem.

Unit-3
Hermitian and symmetric matrices, variational elcterization of eigenvalues , application of
variational characterizations.

Unit-4
Positive definite matrices, Positive semidefinitatrices.

Unit-5
Singular value decomposition, Schur complement.

Textbook(s)
1. Horn, R. and Johnson, C. Rlatrix Analysis Cambridge University Press,
Cambridge, 1985).
2. Meyer, Carl DMatrix Analysis and Applied Linear AlgebralAM, 2000).

Reference book(s)
1. Bellman, Richardintroduction to Matrix AnalysiSMCGRAW-HILL BOOK COMPANY,
1960).
2. Horn, R. A. and Johnson C. Rgpics in Matrix AnalysigCambridge University Press,
Cambridge, 1999 (Reprint)).



MS 765 Non-Negative Matrix Theory (L2-T2-PO-CH4-CR4)
Prerequisites: MS 403 Linear Algebra

Unit-1
Nonnegative matrices, positive matrices, Irredwcibhtrices, Reducible matrices.

Unit-2
Perron’s theorem, Primitive matrices.

Unit-3
Stochastic matrices, Graphs and nonnegative maitrice

Unit-4
Inverse eigenvalue problem.

Textbook(s)
1. Minc, Henryk Nonnegative Matrice€lohn Wiley and Sons, 1988).
2. Horn, R. and Johnson, C. Rlatrix analysis(Cambridge University Press,
Cambridge, 1985).

Reference book(s)
1. Berman and Plemmori$pnnegative Matrices in the Mathematical Sciences
(SIAM, 1994).
2. Bapat and Raghavadpnnegative Matrices and Applicatio(GUP, 1997).



MS 766 Number Fields and Elliptic Curves (L2-T2-POEH4-CRA4)

Unit-1
Number fields and their rings of integers, Primeadeposition in number rings.

Unit-2
The ideal class group and the unit group, Dirithlgnit Theorem, Dedekind zeta function
and the class number formula, Class Numbers otifatia Fields and Cyclotomic fields.

Unit-3
Introduction to algebraic curves, singular and sotgular curves, Mordell-Weil group
law on elliptic curve, explicit formulas for grougw.

Unit-4
Points of finite order on elliptic curves and Ndgdeltz theorem.

Unit-5
Mordell’s theorem, rank of elliptic curves.

Unit-6
Elliptic curves over finite fields, Complex multipation.

Textbook(s)
1. Marcus, D. ANumber Fields3th edition (Springer-Verlag, 2009).
2. Stewart, I. N. & Tall, D.Algebraic Number Theory and Fermat's Last Theqr&md
edition (A K Peters Ltd., 2000).
3. Silverman, J. H. & Tate, Rational Points On Elliptic Curve$Springer- Verlag, 2005).

Reference book(s)
1. Mollin, R. A.Algebraic Number TheorfCRC Press, 1999).
2. Esmonde, J & Murty, R. MProblems in Algebraic Number TheofTM Vol. 190,
Springer-Verlag, 2000).
3. Knapp, A. WElliptic Curves(Princeton University Press, 1993).



MS 767 Theory of Rings and Modules (L22-P0O-CH4-CR4)

Unit-1
Idempotent, Nilpotent and Von Neumann regular el@syeChain conditions.

Unit-2
Artinian & Noetherian rings and modules, Exact s¥ges

Unit-3
Essential (Large) and Superfluous (Small) submaguRelative complement, Closed submodule,
Semisimple rings and modules

Unit-4
Jacobson radical, Jacobson semisimple (semiprigitimgs, Local, Semilocal rings.

Unit-5
Decomposition theorems (Fittings’, Peirce etc.),rm@o rings, Uniform submodules and finite
dimensionality.

Unit-6
Projective and Injective submodules.

Textbook(s)
1. Lam, T. YA First course in Noncommutative ringnd edition (Springer, 2001).
2. Goodearl, K. RRing Theoryarcel Dekker, Inc. 1976).
3. Anderson, F. W. and Fuller, K. RRings and Categories of Module&nd edition
(Springer-Verlag, 1992).

Reference book(s)

1. Musili, C. Introduction to Rings and Module€nd revised edition (Narosa Publishing
House, 1994).
Lambek, JLectures on Rings and Modul&sd edition(AMS Chelsea Publishing, 2009).
Burton, D.MA first course in rings and idea{&ddison-Wesley, 1970).
Barshay, JTopics in ring theorfW.A. Benjamin Publ. 1969).
Chatters, A.W. and Hajarnavis, CRRings with chain conditio(Pitman, 1980).
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