
MAT502: M(ODLIEE THEORY 

UNIT iodules over a ring, Endomorphisnm ring of an abelian group, TModule structure on an abelian group M as a ring homomorphism from R to End, (M, submodules, Direct sun nands. Annihilators, Faithful modules, Homomorphism, Factor modules, Statements of Correspondence theorem and Isomorphism theorems, Hom. (M M as an abelian group and Hom (M, ) as a ring. Exact sequences, Five lemma, External and internal direct sums and their universal property. 

UNIT I: Free modules, Homomorphism extension property, equivalent characterization as a direct sun1 of copies of the underlying ring, existence of a basis of a vector space, Split exact 
sequences and their characterizations, Left exactness of Hom sequences and counter- 
examples for non-right exactness, Projective modules, Injective modules, Baer's 

characterization, Divisible groups, Examples of injective modules. 

UNIT IIl: Factorization theory in commutative domains, Prime and irreducible elements,. 
G.C.D., Euclidean domains, Maximal and prime ideals, Principal ideal domains, Divisor 
chain condition, Unique factorization domains, Examples and counterexamples, Chinese 
remainder theorem for rings and PID's, Polynomial rings over domains, Unique factorization 
in polynomial rings over UFD's. 

UNIT IV: Submodules of finitely generated free modules over a PID, Torsion submodule. 
Torsion and torsion-free modules, Direct decomposition into 7M and a free module, p 

primary components, Decomposition of p-primary finitely generated torsion modules, 

Elementary divisors and their uniqueness, Decomposition into invariant factors and 

uniqueness, Direct sum decomposition of finite abelian groups into cyclic groups and their 

enumeration. 

UNT V:-Reduetion-ef-matriees-ever-poBynemiat-rings-ever-a-field Similarity-ef matriees 
and-F-nocdele-struetare-Rationateanonieth-forn-of matriees,Hementeryerdet-tatries 
is t erdn ni TDingonalizabl nd niBpotert parts ofa linear ererat 

terden-EhevatHey-Fheerem 

Books Recommended: 
1. D. S. Dummit and R. M. Foote, Abstract Algebra, John Wiley, N.Y., 2003 
2. F. W. Anderson and K. R. Fuller, Rings and Categories of Modules, Springer, 

N.Y., 1974 
3. I. A. Adamson, An Introduction to Field Theory. Oliver & Boyd, Edinburgh, 

1964. 

4. N. S. Gopalakrishnan, University Algebra, Wiley Eastern Ltd., New Delhi, 1986. 

Further Reading: 
1. T. W. Hungerford, Algebra, Springer (India) Pvt. Ltd., New Delhi, 2004. 

2. P. Ribenboim, Rings and Modules, Wiley Interscience, N.Y., 1969. 

3. J. Lambek, Lectures on Rings and Modules, Blaisedell, Waltham, 1966. 

4. Ramji Lal, Algebra, Vols. II, Shail Publications, Allahabad, 2002. 
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MAT504: MEASURE AND 1NTEGRATION 
UNIT I: Countable and uncountable sets, cardinality and cardinal arithmetic. Schröder 
Bernstein theorem, a <2,2" =c, the Cantor's ternary set and its properties. 

UNIT II: Semi-algebras, algebras, monotone class, O-algebras, measure and outer measures, Caratheödory extension process of extending a measure on a semi-algebra to generated o 
algebra, completion of a measure space. 

UNIT III: Borel sets, Lebesgue outer measure and Lebesgue measure on R, translation 
invariance of Lebesgue measure, existence of a non-measurable set, characterizations of 
Lebesgue measurable sets, the Cantor-Lebesgue function. 

UNIT IV: Measurable functions on a measure space and their properties, Borel and Lebesgue 
measurable functions, simple functions and their integrals on R, Litlewood's three 
principles (statement only), Lebesgue integral on R and its properties. 

UNIT V: Bounded convergence theorem, Fatóu's lemma, Lebe[gue monotoneconvergep�e 
theorem, Lobésgue dominatetConvergenoe theorem, Minkowski's and Hgldér's inegualities. 
Riesz-Ficher theorem (statement only 

Books Recommended: 
H. L. Royden and P. M. Fitzpatrick, Real Analysis, (Fourth Edition), Prentice Hall, 2010. 

Further Reading: 

1. P.R. Halmos, Measure Theory, Grand Text Mathematics, 14, Springer, 1994. 
2. E. iewit and K. Stromberg, Real and Abstract Analysis, Springer, 1975. 
3. K. R. Parthasarathy, Introduction to Probability and Measure, TRIM 33, Hindustan 

3 Agmey, We )lhi, 2005 
4. I. K. Rana, An Introduction to Measure and Integration, (Second Edition), Narosa 

Publishing House, New Delhi, 2005. 
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MAT506: PARTIAL DIFFERENTIAL EQUATIONS AND 

INTEGRAL EQUATIONSS 

Unit-i: Formation of P.D.E's, First order P.D.E.'s, Classificatio": of first order P.D.E. 's, 

Complete, general and singular integrals, Lagrange's or quasi-near equations, Integral 

surfaces through a given curve, Orthogonal surfaces to a gen system of surfaces, 

Characteristic curves. 

Unit-I: Pfaffian differential equations, Compatible systems, Charpit's method, Jacobi's 

Method. 

Unit-l: Linear equations with constant coefficients, Reducion to canonical forms, 

Classification of second order P.D.E.'s. 

Cartesian, cylindrical and spherical polar coordinates, Boundary value problems for Unit-IV: Method of separation of variables:- Laplace, Diffusior and Wave equations in 

transverse vibrations of strings and heat diffusion in a finite roc, Classification of inear 

integral equations, Relation between differential and integral equations. 

Unit-V:\Fredholm equa�ions of second kind with separabla kernels, Fredholdn alternative 

theorem, igen values and eigen functions, Method of successive approximation for 

Fredholm and Volterra equàations, Resolvent kernel. 

Books recommended: 

1. I.N. Sneddon: Elements of Partial Differential Equations, McGraw-Hill Pub.,(1957) 

T. Amaranath: An Elementary Course in Partial Differetial Equations, Narosa Pub. 

2. 
(2005) 

3 R.P. Kanwal: Linear Integral Equations, Birkhauser Verlag Pub.(1997) 



iii. 
*it 1 . 

in i'nda incHo}1s. TrigoetE Seres, Founer CrICs. Fuler ioriltl.;,. si IUi coditms fnr the cunvetgene ol Foutier series of a contn unt o d,Tuniimis nt ariiirary pertnds, F-v¢n and Cdd functions. Fouriet Cisine aln : Tes. ii.aif-1 ange enpanstmIs, ( omplen FourIctI Series, Determiinatton of Fturier tn:flint t ntegration, AprNmation by trigononietric polynomial<, Square ciror. Be 

UNIT 
rom Fouror Series to Pourier iniegrat. Sufficient conditions for the validity uf F ourier 
inegral representation. Fourier Cosine and Sine Integrals, Fourier C'osine and Sine 
Transio1s. I.ineanty and Fourier Cosine and Sine Transforms of Derivatives, Complex forin 
Fourler intcgral. Fourier Transform and its Inverse, Linearity Fourier Tiansforn of Derivatives. Convolution 

Shifting properties. 

UNIT IV 
Definiion. Linezrity and existence of Laplace iransfonm. The inversion formula. Laplace 
iansiomm of the derivatves and of the integrals of a function. Unit step function Shiftng 
Theotems. Derivatives and Integrals of Laplace Transfoms. Convolution product. 
Anplicatn to the lnitial Value Problenms and System of ODE 

NIT V: 

ai�ulus of Vaiaúiis. Functionals andextremals, Variation and its propcrties. Euler 
nt. (sÁf suveral dependent a independent variables, Functiondls dependent on 

Books Recommended: 
1.E. Kreyszig, Advanced Engineering Mathematics, Wiley India Pvt. Ltd., SthEdition, 

2001 
2.A. D. Polyanin and A. V. Manzhirov, Handbook of Integral Equations, CRC Press 
2ndEdition, 2008. 

3. L. Elsgolis, Differential Equations and Culeulus of Variations, Mir Publishers, 1970 
4. A. S. Gupta, Caleulus of Variations, Prentice Hall of India, New Delhi, 1999 
SJ.H. Dar is, Methods of Applied Mathcmaties with a MATLAB Overview, 

Birkhauscr. Inc., Boston, MA, 2004 
6 W llianm E. Boyce and Richard C. DiPrima, Elementary Dilterential Equations and 

Boundary Value Problems, John Wiley & Sons, (Asia), Seventh Edition, 2003 

2Pipes.Applied Mathematics for Enginers and Physicists, MeCiraw-tlill ntemational 
Student Edition, 2" edition 
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MAT S10 DIFFERENIIALL GEOMETRY I 
EJait 1:: n-dimensional real vector space, contravariant vectors, dual vector space, covariant 
vectors, tensor product, second order tensors, tensors of type (r, s), symmetry and skew symmetry of tensors, fundamental algebraic operations, quotient law of tensors, 
Unit, 2: Topological manifolds, compatible charts, smooth manifolds, examples, smooth maps and diffeomorphisms, definition ofa Lie group, examples. 

Unit 3: Tangent and cotangent spaces to a manifold, derivative of a smooth map, immersions and submersions, submanifolds , vector fields, algebra of vector fields, p-related vector fields, left and right invariant vector fields on Lie groups. 

Unit 4: Integral curves of smooth vector fields, complete vector fields, flow of a vector field, 
distributions, tensor fields on manifolds, r-forms, exterior product, exterior differentiation, 
pull-back differential forms. 

Unit 5 Affine contections fcovariank differensiation) on a smoothmanifokd, torsien a 
curvature tensors of an afNne connestion, identities sâtisfied by durvaturètensor. 

Books Recommended: 17-o62 

1. Kobayashi and Nomizu; Foundations of Differential geometry, Vol-1, Interscience

Publishers, 1963. 

2. T. J. Willmore; Riemannian geometry, Oxford Science Publication, 1993. 

3 S. Kumaresan; A course in Differential Geometry and Lie groups, Hindustan Book 

Agency, 2002. 

4. M. Spivak; A comprehensive Introduction to Differential Geometry, Vols. 1-5, 

Publish or Perísh, Inc., Houston, 1999. 

W. M. Boothby; An Introduction to Differentiable Manifolds and Riemannian 
S. 

Geometry, Academic Press, revised, 2003. 

6 U. C. De, A. A. Sheikh; Differential Geometry of Manifolds, Narosa Publishing 

House, 2007. 7 6.2 

7. R. S. Mishra, A course in Tensors with Applications to Riemannian Geometry, 

Pothishala, Pvt. Ltd., Allahabad, 1965. 
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