 SYLLABUS for POST GRADUATE STUDIES in MATHEMATICS 
University of North Bengal
(To be introduced from the Academic session beginning from August 2011)
Main Features of the Revised Syllabus:
1. This is a revised syllabus of the Post Graduate Mathematics in the University of North Bengal to be introduced from the academic session 2011-2012 and was approved in the Faculty Council Meeting of 19th July, 2011.  The revision is made keeping in view of the current trends and expectations in the curricula of Post Graduate Mathematics in the major Indian Universities. 
2. This syllabus prescribes a general outline of the intended courses. The respective teacher shall have the freedom to improvise the actual course material depending on his/her requirements keeping in view of the level of awareness of the students in a particular year/semester.
3. The Optional papers shall be decided on the availability of teaching staffs and will be notified before the beginning of the Semester.

SYLLABUS for POST GRADUATE STUDIES in MATHEMATICS 
University of North Bengal
(To be introduced from the Academic session beginning from August 2011)
SEMESTER 1
Paper:







Full marks:
Paper I: 
  
Abstract Algebra I  
     


 60           

Paper II:  
   
Real Analysis              
       

  60 
Paper III:   

Topology I

                                    60  

Paper IV: 
    
Complex Analysis 
         


  60 

Paper V:                
Ordinary Differential Equations               60
Class Test:






         
   5 x 10 = 50 

Seminar and viva-voce:                                                         
  25 + 25 =50
SEMESTER 2
Paper:








Full marks

Paper VI: 
  
 Abstract Algebra II  
     


 60           

Paper VII:  
   
Calculus on Rn

       


 60  



    

Paper VIII:   

Topology II

                                    
 60  

Paper IX: 
    
Partial Differential Equations & 
Integral Equations




 60
         



     

Paper X:               
Differential Geometry                

          
 60

Class Test:






     
 
5 x 10 = 50 

Seminar and viva-voce:                                                  

25 + 25 =50
SEMESTER 3

Paper:








Full marks

Paper XI: 
  
Integration Theory  
     


 60           

Paper XII:  

Functional Analysis   



60

Paper XIII:   

Computer Aided Numerical 
                                    
   
                                  Analysis                                    


 60

OPTIONAL PAPERS:  Papers XIV and XV



 60 + 60
(Two sets of papers to be taken out of the following. The students will have to inform their choices before the beginning of 3rd semester. However combinations will be decided by the Departmental Committee on the basis of the availability of teaching staffs and/or other requirements.  The corresponding papers are to be continued in the next semester also)

	
	3rd Semester
	
	4th Semester

	A
	Advanced Real Analysis I
	A
	Advanced Real Analysis II

	B
	Advanced Complex Analysis I
	B
	Advanced Complex Analysis II

	C
	Advanced Topology I
	C
	Advanced Topology II

	D
	Advanced differential Geometry I
	D
	Advanced differential Geometry II 

	E
	Advanced Discrete Mathematics I
	E
	Advanced Discrete Mathematics II

	F
	Advanced Functional Analysis I
	F
	Advanced Functional Analysis II

	G
	Nonlinear Diff. Equations
	G
	Dynamical Systems

	H
	Fluid & Plasma Dynamics I
	H
	Fluid & Plasma Dynamics II

	I
	Theory of General Relativity and Astrophysics
	I
	Cosmology


Class Test 







5 X 10 = 50 

Seminar and Viva-voce:                                                     
25 + 25 =50
SEMESTER 4
Paper:








Full marks

Paper XVI: 
  
Graph Theory/ Operation Research/ 
Fuzzy Sets and Applications 

     
 60           

Paper XVII:  
   
Analytical Dynamics, 

                                
Chaos & Fractals                 
       

  60  



    

Paper XVIII:             Computer Aided Numerical Analysis            
  60

                                 - Practical                                     
OPTIONAL PAPERS:  Papers XIX and XX



 60 + 60
(Students have to continue with the optional papers offered to them in the 3rd semester. Every student of Semester 4 shall make a seminar presentation on a topic outside the prescribed syllabus).  
	
	3rd Semester
	
	4th Semester

	A
	Advanced Real Analysis I
	A
	Advanced Real Analysis II

	B
	Advanced Complex Analysis I
	B
	Advanced Complex Analysis II

	C
	Advanced Topology I
	C
	Advanced Topology II

	D
	Advanced differential Geometry I
	D
	Advanced differential Geometry II 

	E
	Advanced Discrete Mathematics I
	E
	Advanced Discrete Mathematics II

	F
	Advanced Functional Analysis I
	F
	Advanced Functional Analysis II

	G
	Nonlinear Diff. Equations
	G
	Dynamical Systems

	H
	Fluid & Plasma Dynamics I
	H
	Fluid & Plasma Dynamics II

	I
	General Relativity and Astrophysics
	I
	Cosmology


Class Test 






      5 X 10 = 50 

Seminar and Viva-voce:                                                      25 + 25 =50
TOTAL MARKS 400 x 4 = 1600
Course Details
SEMESTER 1

Paper:








Full marks

Paper I: 
  
 Abstract Algebra I  
     


60           

Paper II:  
   
 Real Analysis              
       


60  



    

Paper III:   

 Topology I

                                    
60  

Paper IV: 
    
 Complex Analysis 
         


 
60 



     

Paper V:               
 Ordinary Differential Equations                 
60

Class Test 






      

5 x 10 = 50 

Seminar and viva-voce:                                                  

25 + 25 =50
Paper I: Abstract Algebra I

1. THEORY OF GROUPS: 

A. Groups, Subgroups, Permutations and Permutation Groups, Cyclic Groups, Homomorphism of Groups, Cosets and Lagrange’s Theorem, Normal Subgroups and Factor Groups, Cayley’s Theorem, Isomorphism Theorems.

B. External and Internal Direct Products, Finitely Generated Abelian Groups.

C. Conjugacy Relation, Class Equation, Cauchy’s Theorem, Sylow’s Theorem, Sylow p-subgropps.

D. Group Action.

2. THEORY OF RINGS AND FIELDS: 

A. Ring, Integral Domain, Division Ring, Field. Ring Homomorphism. Isomorphism Theorems.

B. Ideals and Quotient Ring. Maximal and Prime Ideals. Quotient Field of an Integral Domain. Prime Fields. Irreducible and Prime Elements in a Ring.

3. Ring of Polynomials, Evaluation Homomorphism. Irreducible Polynomials. Division Algorithm. Factorisation Domain, Unique Factorisation Domain, Prime Ideal Domain, Euclidean Domain.
References
1. Abstract Algebra (3e), by David S. Dummit and Richard M. Foote, John Wiley and Sons.

2. Contemporary Abstract Algebra, by Joseph R. Gallian, Narosa Publishing House.

3. A First Course in Abstract Algebra, by John B. Fraleigh, Narosa Publishing House.

4. Algebra, by Michael Artin, Prentice Hall.

5. Algebra, by Thomas Hungerford, Springer GTM.

Paper II :   Real Analysis

Definition and existence of Riemann-Stieltjes integral, Properties of the Integral, Integration and differentiation, the fundamental theorem of Integral Calculus, integration of vector-valued functions, Rectifiable curves. Rearrangements of terms of a series, Riemann's theorem.

Sequences and series of functions, pointwise and uniform convergence, Cauchy criterion for uniform convergence, Weierstrass M-test, Abel's and Dirichlet's tests for uniform convergence, uniform convergence and continuity, uniform convergence and Riemann-Stieltjes integration, uniform convergence and differentiation, Weierstrass approximation theorem, Power series, uniqueness theorem for power series, Abel's and Tauber's theorem.

Lebesgue outer measure, Measurable sets, Regularity, Measurable functions, Borel and Lebesgue measurability, Non-measurable sets.

Integration of non-negative functions, the General Integral, Integration of Series, Riemann and Lebesgue Integrals.

The Four derivatives, Young’s Theorem, Functions of Bounded variation, Absolute continuity, Differentiation and Integration.

Measures and outer measures, Extension of a measure, Uniqueness of Extension, Completion of a measure, Measure spaces, Integration with respect to a measure. 

The Lp-spaces. Convex functions, Jensen's inequality. Holder and Minkowski inequalities Completeness of Lp, Convergence in Measure, Almost uniform convergence.

References:
1. Walter Rudin, Principles of Mathematical analysis (3rd edition) McGraw-Hill, Kogakusha, 1976, International student edition.

2. T. M. Apostol, Mathematical Analysis, Narosa Publishing House , New Delhi, 1985.

3. Gabriel Klambauer, Mathematical Analysis, Marcel Dekkar, Inc. New York, 1975

4. A. J. White, Real Analysis; an introduction, Addison-Wesley Publishing Co., Inc., 1968.

5. G. de Barra, Measure Theory and Integration, Wiley Eastern Limited, 1981.

6. E. Hewitt and K. Stromberg. Real and Abstract Analysis, Berlin , Springer, 1969.

7. P. K. Jain and V. P. Gupta, Lebesgue Measure and Integration, New Age International (P)  Limited Published, New Delhi, 1986 (Reprint 2000).

8. I. P. Natanson,Theory of Functions of a Real Variable.Vol. I,Frederick Ungar Publishing  Co. 1961.

9. H. L. Royden, Real analysis, Macmillan Pub. Co. Inc. 4th edn. N.Y. 1993.

10. Richard L. Wheeden and Antoni Zygmund, Measure and Integral: An introduction to Real Analysis , Marcel Dekker Inc. 1977.

11. J. H. Williamson, Lebesgue Integration, Holt Rinehart and Winston, Inc. N.Y. 1962.

12. A. Friedman, Foundations of Modern Analysis, Holt, Rinehart and Winston, Inc., NY, 1970

13. P. R. Halmos, Measure Theory, Van Nostrand, Princeton, 1950

14. T. G. Hawkins, Lebesgue's Theory of Integration: Its Origins and Development, Chelsea,   NY., 1979.

15. R. G. Bartle, The Elements of Integration, John Wiley & Sons, Inc. NY, 1966.

16. Serge Lang, Analysis I & II , Addison-Wesley Publishing Co., Inc. 1969.

17. Inder K. Rana, An Introduction to Measure and Integration, Narosa Publishing House, Delhi, 1997.

18. Walter Rudin, Real & Complex Analysis, Tata McGraw-Hill Publishing Co. Ltd.

Paper III:     Topology 1
(i) Naïve or axiomatic set theory (Union, Intersection & Cartesian product of     arbitrary family of sets, Axiom of choice, choice function and its existence, well ordered principle, linear continuum, lattice, cardinal & ordinal numbers).   

(ii) Definition & examples of topology, Basis and Sub-basis for some topology and that of a topology, metric topology, continuity and homeomorphisms, construction of topology, product & quotient spaces.

(iii) Countability and Separation axioms.

(iv) Compactness, locally compactness, connectedness and locally connectedness.

References:

1. James R, Munkres, Topology, A first course, Prentice Hall of India Pvt. Ltd., New Delhi, 2000.

2. J. Dugundji, Topology, Allyn and Bacon, 1966 (Reprinted in India by Prentice Hall of India Pvt.Ltd.

3. George F. Simmons, Introduction to Topology and Modern Analysis, McGraw-Hill Book  Compoany, 1963f.

4. K.D. Joshi, Introduction to General Topology, Wiley Eastern Ltd., 1983.

5. J. Hocking and G. Young, Topology, Addison-Weslley, Reading, 1961

6. J. L. Kelley, General Topology, Van Nostrand, Reinhold Co., NY, 1995.

7. L. Steen and J. Seebach, Counter examples in Topology, Holt, Rinehart and Winston, New York, 1970.

8. W. Thron, Topological Structures, Holt, Rinehart and Winston, New York, 1966.

9. N. Bourbaki, General Topology, Part I (Transl). Addison Wesley, Reading, 1966.

10. R. Engelking, General Topology, Polish Scientific Publishers, Warszawa, 1977.

11. W. J. Pervin, Foundations of General Topology, Academic Press Inc. NY. 1964.

12. E. H. Spanier, Algebraic Topology. Academic Press Inc. NY, 1966.

13. S. Willard, General Topology, Addison-Wesley, Reading , 1970.

14. Crump W. Baker, Introduction to Topology, Wm C. Brown Publisher, 1991

15. Sze-Tsen Hu, Elements of General Topology, Holden-Day. Inc. 1965.

16. D. Bushaw, Elements of General Topology, John Wiley & Sons, NY, 1963.

Paper IV: Complex Analysis

Review of basic concepts of functions of a single Complex variable.

Complex integration., Cauchy-Goursat  Theorem (for convex region), Cauchy's integral formula, Higher order derivatives, Morera's Theorem, Cauchy's inequality and Liouville's theorem, The fundamental theorem of algebra, Maximum modulus principle, Taylor’s theorem, Schwarz lemma, Laurent's series, Isolated singularities, Casoratti-weierstrass theorem, Meromorphic functions, The argument principle, Rouche's theorem, inverse function theorem.

Residues. Cauchy's  residue theorem, Evaluation of integrals, Branches of many valued functions with special reference to arg z , log z and za., Riemann surfaces.

Bilinear transformations, their properties and classifications, Definitions and examples of Conformal mappings.

Analytic continuation, Uniqueness of direct analytic continuation, Uniqueness of analytic continuation along a curve, Power series method of analytic continuation.
References
1. H. A. Priestly, Introduction to Complex Analysis, Clarendon Press Oxford, 1990

2. J. B. Conway, Functions of one Complex variable. Springer-Verlag. International Student  Edition, Narosa Pub. House. 1980.

3. Liang-shin Hahn & Bernard Epstein, Classical Complex Analysis. Jones and Bartlett Pub.   International London, 1996.

4. L. V. Ahlfors. Complex Analysis, McGraw-Hill.

5. S. Lang. Complex Analysis, Addison Wesley. 1970.

6. D. Sarason, Complex Function Theory , Hindustan Book Agency, Delhi, 1994

7. Mark J. Ablowitz and A. S. Fokas, Complex Variables: Introduction and Applications,                     Cambridge Univ. Press, South Asian edn. 1998.

8. E. Hille, Analytic Function Theory (2 vols) , Gonn & Co, 1959.

9. W.H.J. Fuchs, Topics in the Theory of Functions of one complex variable, D. Van Nostrand  Co. , 1967.

10. C. Caratheodory. Theolry of ;Functions (2 vols) Chelsea Publishing Company, 1964.

11. M. Heins, Complex Function Theory. Academic Press, 1968.

12. Walter Rudin, Real and Complex Analysis, McGraw - Hill Book Co, 1966.

13. S. Saks and A. Zygmund, Analytic Functions, Monografie Matematyczne, 1952

14. E. C. Titchmarsh, The Theory of Functions, Oxford Univ. Press, London.

15. W. A. Veech, A Second Course in Complex Aanlysis. W. A. Benjamin, 1967.

16. S. Ponnusamy, Foundations of Complex Analysis, Narosa Pub. House, 1997.
Paper V: Ordinary Differential Equations

Picard’s existence and uniqueness theorem, Cauchy-Lipschitz method, Peano’s theorem, Linear second order ODE in Complex plane, singular points , Frobenius methods, Special functions – Hypergeometric, Legendre, Bessel, etc functions, recurrence relations, integral representations and other properties, System of 1st order linear diff. equations.
Comparison and Separation theorems, Adjoint and Self-adjoint equations, Green’s  functions, Sturm-Liouville boundary  value problem, Eigen function expansions.

Nonlinear diff. Equations, phase plane analysis, plane autonomous systems, sink, source, foci, nodes, saddle points, limit cycles through simple examples.
References

1. P. Hartman, Ordinary Differential equations, John Wiley & sons, 1964

2. E.A.Coddington and N. Levinson, Theory of ordinary differential equations, McGrow Hill (1955)

3. G. F. Simmons, Differential equations , Tata-McGrowHill. 

4. M.Braun, Differential equations and their applications: an introduction to applied maths., Applied  Mathematical Sciences ( 3rd edn) Vol. 15 (springer ) 1983.

5.W.T. Reid, Ordinary differential equations, J. Wiley (1971)

8. Treaties on special functions, B. Sen (Allied Pub)

9. Ordinary  Difference Equations, D. Somasundaram, Narosa.
SEMESTER 2
Paper:








Full marks

Paper VI: 
  
 Abstract Algebra II  
     


 60           

Paper VII:  
   
Calculus on Rn

       


 60  



    

Paper VIII:   

Topology II

                                    
 60  

Paper IX: 
    
Partial Diff. Eqns. & Integral Eqns.

 60
         
  



     

Paper X:               
Differential Geometry                

            60

Class Test: 






      

5 x 10 = 50 

Seminar and viva-voce:                                                  

25 + 25 =50
Paper VI
Abstract Algebra : II

Field extension – Algebraic and transcendental Extensions. Separable and Inseparable extensions. Perfect fields, Normal extensions. Finite fields. Primitive elements. Algebraically closed fields. Galois extensions. Fundamental theorem of Galois theory. Solutions of polynomial equations by radicals. Insolvability of the general equation of degree 5 by radicals. 
Module theory – Modules, sub modules, quotient modules; homomorphism and isomorphism theorems; cyclic modules, simple modules, semi-simple modules. 
Linear Algebra: 

Vector spaces, subspaces, linear dependence, basis, dimension, algebra of linear transformations. 

Algebra of matrices, rank and determinant of matrices, linear equations. 

Eigenvalues and eigenvectors, Cayley-Hamilton theorem. 

Matrix representation of linear transformations. Change of basis, canonical forms, diagonal forms, triangular forms, Jordan forms. 

Inner product spaces, orthonormal basis. 

Quadratic forms, reduction and classification of quadratic forms.
References:

1. I.N. Herstein, Topics in Algebra, Wiley Eastern Ltd., New Delhi, 1975

2. P. B. Bhattacharyya, S. K. Jain and S. R. Nagpaul, Basic Abstract Algebra (2e), Camb.Univ. Press, Indian Edition , 1997.

3. M. Artin, Algebra, Perentice -Hall of India, 1991.

4. P.M. Cohn, Algebra, vols, I,II, & III, John Wiley & Sons, 1982, 1989, 1991.

5. N. Jacobson, Basic Algebra, vols. I & II, W. H. Freeman, 1980 (also published by Hindustan  Publishing Company)

6. S. Lang. Algebra, 3rd edn. Addison-Weslley, 1993.

7. I.S. Luther and I.B.S. Passi, Algebra, Vol.III-Modules, Narosa Publishing House.
8. D. S. Malik, J. N. Modrdeson, and M. K. Sen, Fundamentals of Abstract Algebra, Mc Graw-Hill, International Edition, 1997.

9. Vivek Sahai and Vikas Bist, Algebra, Narosa Publishing House, 1999

10. I. Stweart, Galois Theory, 2nd edition, Chapman and Hall, 1989.

11. J.P. Escofier, Galois theory, GTM Vol.204, Springer, 2001.

12. T.Y. Lam, Lectures on Modules and Rings, GTM Vol. 189, springer-verlag
13. K. Hauffman and R. Kunz, Linear Algebra, Pearson Education (INDIA), 2003.

14. S. Lang, Linear Algebra, Springer, 1989.
Paper VII: Calculus on Rn
Functions of several variables, linear transformations, Derivatives in an open subset of Rn,  Chain rule, Partial derivatives, interchange of the order of differentiation, Derivatives of high orders, Taylor's theorem, Inverse function theorem, Implicit function theorem, Jacobians, extremum problems with constraints, Lagrange's multiplier method, Differentiation of integrals, Partition of unity, Differential forms, Stoke's theorem.
References:
1. Walter Rudin, Principles of Mathematical analysis (3rd edition) McGraw-Hill, Kogakusha, 1976, International student edition.

2. T. M. Apostol, Calculus, Volume II , Wiley Eastern (2e).

3. E. Hewitt and K. Stromberg. Real and Abstract Analysis, Berlin , Springer, 1969.

4.. H. L. Royden, Real analysis, Macmillan Pub. Co. Inc. 4th edn. N.Y. 1993.

5. Richard L. Wheeden and Antoni Zygmund, Measure and Integral: An introduction to Real Analysis , Marcel Dekker Inc. 1977.

6. A. Friedman, Foundations of Modern Analysis, Holt, Rinehart and Winston, Inc., NY, 1970

7. Serge Lang, Analysis I & II , Addison-Wesley Publishing Co., Inc. 1969.

Paper VIII: Topology II
(i)     Nets and Filters. 

(ii)     Compactifications and paracompactness.

(iii)    Metrizable & locally metrizable topological spaces. 

       (v)
    Introduction to Uniform spaces, Fundamental Group  and Covering Spaces. 

References:
1. James R, Munkres, Topology, A first course, Prentice Hall of India Pvt. Ltd., New Delhi, 2000.

2. J. Dugundji, Topology, Allyn and Bacon, 1966 ( Reprinted in India by Prentice Hall of India Pvt.Ltd.

3. George F. Simmons, Introduction to Topology and Modern Analysis, McGraw-Hill Book  Compoany, 1963f.

4. K.D. Joshi, Introduction to General Topology, Wiley Eastern Ltd., 1983.

5. J. Hocking and G. Young, Topology, Addison-Weslley, Reading, 1961

6. J. L. Kelley, General Topology, Van Nostrand, Reinhold Co., NY, 1995.

7. L. Steen and J. Seebach, counter examples in topology, Holt, Rinehart and Winston, New York, 1970.

8. W. Thron, Topological Structures, Holt, Rinehart and Winston, New York, 1966.

9. N. Bourbaki, General Topology, Part I (Transl). Addison Wesley, Reading, 1966.

10. R. Engelking, General Topology, Polish Scientific Publishers, Warszawa, 1977.

11. W. J. Pervin, Foundations of General Topology, Academic Press Inc. NY. 1964.

12. E. H. Spanier, Algebraic Topology. Academic Press Inc. NY, 1966.

13. S. Willard, General Topology, Addison-Wesley, Reading , 1970.

14. Crump W. Baker, Introduction to Topology, Wm C. Brown Publisher, 1991

15. Sze-Tsen Hu, Elements of General Topology, Holden-Day. Inc. 1965.

16. D. Bushaw, Elements of General Topology, John Wiley & Sons, NY, 1963.
Paper IX : Partial Differential Equations & Integral Equations
First order non-linear PDE, Cauchy problem, Method of characteristics, Classifications  of second order semilinear PDE,  D’Alembert’s method for wave equation, Separation of variables for Laplace equations in two and three dimensions, Wave equation and Heat equation in one and two dimensions, applications to initial and boundary value problems, well posed   boundary value problems.
Integral transforms, Fourier and Laplace transforms, Mellin & Hanckels  transform, Inversion formulae, Bromwich Integral, Convolutions and applications, Distributions and their transforms. Applications to Wave, Heat and Laplace equations.

Integral equations, classifications, successive approximations, separable kernels, Fredholm alternative, Hilbert-Schemidt theory of symmetric kernels, Construction of Green’s function, Convoluted Kernels, Abels equations and solutions.
References:

            1. 
T. Amarnath, Partial differential equations, Narosa

            2. 
I. N. Sneddon, Partial differential equations, McGrow Hill.

            3. 
E. Evans, Partial Differential equations, Academic

            4. 
Phoolan Prasad and Ravindran- Partial Differential equations, Narosa.

5.      Methods of applied mathematics: F.B.Hildebrand, Prentice Hall.

6.      Operational methods in applied mathematics, H. S. Carslaw and J. C. Jaoger         (Dover)

7.     Linear Integral Equation: W.V. Lovitt (Dover)

8.     Integral Equations, Porter and  Stirling, Cambridge.

Paper X: Differential Geometry
Curvilinear Coordinates, Elementary arc length, Length of a vector, Angle between two non-null vectors, Reciprocal Base system, Intrinsic Differentiation, Parallel Vector Fields.
   Geometry of Space Curves: Serret-Frenet formulae, Equation of a Straight Line, Helix, Bertrand Curves.

Geometry of a Surface: Nature of surface coordinates, First Fundamental Form, Direction Parameter, Angle between two vectors on a surface, e-systems & ε-tensors, Serret-Frenet formulae for a surface curve.

Geodesics and geodesic coordinates. Isometric surfaces. Gaussian curvature and total curvature. Developable surface. Normal line to a surface. Second Fundamental form.
References:

1. An Introduction to Differential Geometry (with the help of Tensor Calculus): L.P. Eisenhert, Princeton University Press.
2. Tensor Analysis, Theory and Applications to Geometry and Mechanics of Continua.(2e): I. S. Sokolnikoff, John Wiley and Sons, 1964.
SEMESTER 3

Paper









Full marks

Paper XI: 
  
 Integration Theory  
     


 60           

Paper XII:  
   
Functional Analysis



 60  

Paper XIII:                 Compute Aided 

                          
 Numerical Analysis -Theory                          
  60   
 
SPECIAL PAPERS:  Papers XIV and XV
(Two sets of papers to be taken out of the following. The students will have to inform their choices before the beginning of 3rd semester. However combinations will be decided by the Departmental Council before the beginning of the Academic Session every year on the basis of the availability of Faculty Members. The corresponding papers are to be continued in the next semester also)

	
	3rd Semester
	
	4th Semester

	A
	Advanced Real Analysis I
	A
	Advanced Real Analysis II

	B
	Advanced Complex Analysis I
	B
	Advanced Complex Analysis II

	C
	Advanced Topology I
	C
	Advanced Topology II

	D
	Advanced differential Geometry I
	D
	Advanced differential Geometry II 

	E
	Advanced Discrete Mathematics I
	E
	Advanced Discrete Mathematics II

	F
	Advanced Functional Analysis I
	F
	Advanced Functional Analysis II

	G
	Nonlinear Diff. Equations
	G
	Dynamical Systems

	H
	Fluid & Plasma Dynamics I
	H
	Fluid & Plasma Dynamics II

	I
	Theory of General Relativity
	I
	Cosmology


Class Test 







5 X 10 = 50 

Seminar and Viva-voce:                                                      
25 + 25 =50
Paper XI:  Integration Theory

· Measure on a σ-algebra of sets.

· Construction of measure by means of outer measure; regular outer measure and metric outer measure.

· Integration on a measure space.

· Signed measure space. Decomposition of signed measures. Integration on a signed measure space.
· Absolute continuity of a signed measure relative to a positive measure.

· Radon- Nikodyn Theorem.

· Product measure: Fubini’s Theorem and Tonelli’s Theorem.

References:

1. 
H. L. Royden, Real analysis, Macmillan Publishing Co., Inc. 4th Edition, 1993.

2. 
S. K. Berberian. Measure and integration. Chelsea Publishing Company, NY, 1965

3. 
G. de Barra, Measure Theory and integration, Wiley Eastern Ltd. 1981.

4. 
P. K. Jain and V. P. Gupta, Lebesgue Measure and Integration, New Age International (P) Ltd. New Delhi.

5. 
Richard L. Wheeden and Antoni Zygmund, Measure and Integral: An Introduction to Real Analysis, Marcel Dekker Inc. 1977.

6. 
J.H. Williamson, Lebesgue Integration, Holt Rinehart and Winston, Inc, New ;York. 1962.

7. 
P.R. Halmos, Measure Theory. Van Nostrand. Princeton 1950

8. 
T. G. Hawkins. Lebesgue's Theory of Integration: Its Origins and Development , Chelsea New  York 1979

9. 
K. R. Parthasarathy , Introduction to Probability and Measure, Macmillan Co. India Ltd.Delhi - 1977.

10. 
R. G. Bartle, The Elements of Integration, John Wiley & Sons, Inc. New York, 1966

11. 
Serge Lang. Aanlysis I & II, Addison-Wesley Publishing Co. Inc. 1967.

12. 
Inder K. Rana, An Introduction to Measure and Integration, Narosa Publishing House, Delhi  1997

Paper XII :Functional Analysis

Normed  linear spaces. Banach spaces and examples. Quotient space of normed linear spaces and its completeness, equivalent norms. Riesz Lemma, basic properties of finite dimensional normed linear spaces and compactness. Weak convergence and bounded linear transformations, normed linear spaces of bounded linear transformations, dual spaces with examples. Uniform boundedness theorem and some of its consequences. Open mapping and closed graph theorems. Hahn-Banach theorem for real linear spaces, complex linear spaces and normed linear spaces. Reflexive spaces. Weak Sequential compactness. Compact Operators. Solvability of  linear equations in Banach spaces. The closed Range Theorem.

Inner product spaces. Hilbert spaces. Orthonormal sets. Bessel's inequality. Comlplete orthonormal sets and Parseval's identity. Structure of Hilbert spaces. Projection theorem. Riesz representation theorem. Adjoint of an operator on a Hilbert space. Reflexivity of Hilbert spaces. Self-adjoint operators, Positive, projection, normal and unitary operators.  

References:

1. G. Bachman and L. Narici, Functional Analysis, Academic Press, 1966

2. N. Dunford and J. T. Schwartz, Linear Operators, Part I, Interscience, New York, 1958

3. R. E. Edwards, Functional Analysis. Holt Rinehart and Winston, New York, 1965.

4. C. Goffman and G. Pedrick, First Course in Functional Analysis, Prentice Hall of India, New Delhi, 1987

5. P. K. Jain, O. P. Ahuja and Khalil Ahmad, Functional Analysis, New Age International (P)  Ltd. Wiley Eastern Ltd. N. Delhi- 1997

6. R. B. Holmes, Geometric Functional Analysis and its Applications, Springer-Verlag 1975

7. K.  K. Jha, Functional Analysis, Students Friends, 1986

8. L. V. Kantorovich and G. P. Akilov, Functional Analysis, Pergamon Press, 1982.

9. K. Kreyszig , Introductory Functional Analysis with Applications, John Wiley & Sons New York, 1978

10. B. K. Lahi;ri, Elements of Functional Analysis, The World Press Pvt. Ltd. Calcutta, 1994

11. B. Choudhury and Sudarsan Nanda, Functional Analysis, with Applications, Wiley Eastern  Ltd., 1989.

12. B. V. Limaye, Functional Analysis, Wiley Eastern Ltd.

13. L. A. Lustenik and V. J. Sobolev, Elements of Functional Aanlysis, Hindustan Pub. Corpn.  N.Delhi 1971.

14. G. F. Simmons, Introduction to Topology and Modern Aanlysis, McGraw -Hill Co. New  York , 1963.

15. A. E. Taylor, Introduction to Functional Analysis, John Wiley and Sons, New York, 1958

16. K. Yosida, Functional Analysis, 3rd edition Springer - Verlag, New York 1971.

17. J. B. Conway, A course in functional analysis, Springer-Verlag, New York 1990

Paper XIII: Computer Aided Numerical Analysis 
A. Programming in C –30 Marks
 An overview of computer programming languages., C programming Essentials, Program control flow, Basic input-output, Arrays, Pointers,
Functions, Storage classes Derived data types, File handling ,  Pre-processor 

 Standard C library functions----details of each of these major topics shall be explained through suitable examples.
B. Numerical Analysis—30 Marks 

System of linear equations and eigenvalue problem:

Operational counts for direct methods of solving linear algebraic equations, Gaussian operational count for inversion of a matrix, eqigenvalue problem, General Iterative method, Jacobi & Gauss, Seidel method, Relaxation method, Necessary & sufficient conditions for convergence, speed of convergence, SOR & SUR methods, Gerschgorin’s circle theorem, Determination of eigenvalue by iterative methods, Ill conditioned system.
System of nonlinear equations:
Newtons’s method, existence of roots, stability & convergence under variation of initial approx., general iterative method for system x=g(x) and its sufficient condition for convergence, the method of steepest descent.

Ordinary and Partial Diff. Equations 

Integration: Newton-Cotes method, Gauss quadrature, Romberge method,
Solution of ODEs by Euler’s & Modified Euler’s Method, Milne, Adams methods, Runge Kutte method. Finite difference method for partial diff. Equations, Discretisation, convergence and stability, Explicit and Crank-Nicolson implicit method for one dim. Heat conduction, convergence and stability, Standard and diagonal five point formula for solving Laplace and Poisson equations, Cauchy problem for one dim. Wave equation, CFL conditions for stability and convergence.
References :

1. Programming with C, B. Gottfried, Tata-McGraw Hill

2. Programming in ANSI C, E. Balagurusamy, Tata-McGraw Hill

3. Programming with C, K. R. Venugopal and Sudeep R. Prasad, Tata-McGraw Hill

4. The C program language, Brian W. Kernighan and Dennis R. Ritchie, (ANSI features), Prentice Hall.

5. Let us C, Y. Kanetkar, BPB Publication 

6. Computing Methods---Brezin & Zhidov

7. Analysis of Numerical Methods—Isacsons & Keller.

8. Numerical solutions of Ord. Diff. Equations—M K Jain

9. Numerical solutions of Partial Diff. Equations—G D Smith.

10. Finite element method for partial diff. Equations—A R Mitchell

11. Computational Mathematics—B P Demidovich & J A Maron
Papers XIV and XV

A. Advanced Real Analysis I

Tagged Gauge Partitions. Definition and existence, Straddle Lemma, Application in continuity, Intrinsic Power. Application in Integration Theory and Sign of derivatives.


Henstock–Kurzweil Integral. Definition and basic properties. Inclusion of the Lebesgue integral. Convergence formulae. AC, AC*, ACG*, ACG* functions. Definitions and basic properties of Perron and Denjoy Integrals. Equivalence with Henstock – Kurzweil Integral. Spaces of Lebesgue integrable functions.
Reference:

1. Theories of Integration, Douglas S. Kurtz & Charles W. Swartz, World Scientific.

2. Lanzhou Lectures on Henstock Integration, Lee Peng  Yee, World Scintific.

3. The Riemann, Lebesgue and General Riemann Integrals, A.G. Das, Narosa.

4. The general Theory of integration, R. Henstock, Clarendon Press.
B. ADVANCED COMPLEX ANALYSIS – I

Harmonic function: Definition, Relation between a harmonic function and an analytic function, Examples, Harmonic Conjugate of a harmonic function, Poisson's Integral formula, Mean Value Property, The maximum & minimum principles for harmonic functions, Diritchlet Problem for a disc and uniqueness of its solution, Characterization of harmonic functions by Mean Value Property. 

Weierstrass Elliptic functions: Periodic functions, Simply periodic functions, fundamental period, Jacobi's first and second question, Doubly periodic functions, Elliptic functions, Pair of Primitive Periods, Congruent points, First and Second Liouville's Theorem, Relation between zeros and poles of an elliptic function, Definition of Weierstrass elliptic function  (z) and their properties, The differential equation satisfied by (z) [i.e., the relation between (z) and (z)], Integral formula for (z),Addition theorem and Duplication formula for (z). 

Weierstrass Zeta function: Weierstrass Zeta function  and their 

properties, Quasiperiodicity of (z), Weierstrass sigma function (z)      and their properties, Quasiperiodicity of (z), Associated sigma functions. 

REFERENCES:

1. H.A Priestly, Introduction to Complex Analysis, Clarendon Press Oxford, 1990. 

2. J.B. Conway, Functions of one Complex variable, Springer-Verlag, International student-edition, Narosa Pub. House, 1980. 

3. Liang-Shin Hahn and Bernard Epstein, Classical Complex Analysis, Jones and 

Bartlett Pub. International London, 1996. 

4. L.V. Ahlfors, Complex Analysis, McGraw. 

5. S. Lang, Complex Analysis, Addison Wesley, 1970. 

6. D. Sarason, Complex Function Theory, Hindustan Book Agency, Delhi, 1994. 

7. Mark J. Ablowitz and AS. Fokas, Complex Variables: Introduction and Applications, Cambridge University Press, South Asian edn. 1998. 

8. E. Hille, Analytic Function Theory (2 Vols), Gonn and Co., 1959. 

9. W.H.J. Fuchs, Topics in the Theory of Functions of one complex variable, D. Van Nostrand Co., 1967. 

10. C. Caratheodory, Theory of Functions (2 vols), Chelsea Publishing Company, 

1964. 

11. M. Heins, Complex Function Theory, Academic Press, 1968. 

12. Walter Rudin, Real and Complex Analysis, McGraw- Hill Book Co., 1966. 

13. S. Saks and A Zygmund, Analytic Functions, Monographie Matematyczne, 

1952. 

14. E.C. Titchmarsh, The Theory of Functions, Oxford University Press, London. 

15. W.A Veech, A Second course in Complex Analysis, WA. Benjamin, 1967. 

16. S. Ponnusamy, Foundations of Complex Analysis,Narosa Publication House, 1997 . 

C: ADVANCED TOPOLOGY I

ALGEBRAIC TOPOLOGY

(1) FUNDAMENTAL GROUPS  –  Paths and homotopy,  fundamental groups and its properties; simply connected spaces, fundamental group of a circle, induced homomorphism, Van Kampen’s theorem and its application;  covering spaces and lifting properties.

(2) SIMPLICIAL HOMOLOGY  – Simplicial complexes, Barycentric co-ordinates, Barycentric subdivision and Simplicial approximation theorem; Triangulation and triangulable spaces; Simplicial Chain complexes and Homology groups; induced homomorphism, topological invariance of homology groups.

(3) SINGULAR HOMOLOGY –  An introduction, Homotopy invariance, exact sequences; relative homology group and Excesion theorem; Equivalence of simplicial and singular homology.

References :

(1) Algebraic Topology, Allen Hatcher, Cambridge University Press.

(2) Topology, James R. Munkres, Pearson Education Inc. 

(3) Algebraic Topology – A Primer, Satya Deo, (Trim 27) Hindustan Book Agency.

(4) General Topology, J. L. Kelley, Van Nostrand, Reinhold Co., NY.

(5) Topological Groups (2nd Edition), L.S. Pontryagin, Gordon and Breach Science Publishers Inc.
D. Advanced Differential Geometry I
1. TENSOR ALGEBRA:  Contravariant and Covariant Vectors, Tensor Product of Vector Spaces, Tensors, Tensor Product of Tensors, Algebraic Operations on Tensors, Contraction, Symmetric and Skew-symmetric Tensors, Inner Product.

2. DIFFERENTIABLE MANIFOLDS: Differentiable Manifolds, Differentiable Functions on Manifolds, Different Notions of Tangent Vectors: as Equivalent Classes of Curves, as Directional Derivative Operators and Algebraic Approach, Vector Fields, Lie Bracket, Integral Curves of a Vector Field.

3. DIFFERENTIAL FORMS: Exterior Algebra, Exterior Derivative.

4. LINEAR CONNECTIONS: Affine Connections, Torsion and Curvature Tensors of an Affine Connection.

5. RIEMANNIAN MANIFOLD: Riemannian Manifold, Koszul Formula, Riemann Curvature Tensor, Sectional Curvature.
REFERENCES

1. An Introduction to Modern Differential Geometry, B. B. Sinha, Kalyani Publishers.

2. An Introduction to Differentiable Manifolds and Riemannian Geometry, William B. Boothby, Academic Press.

3. Structures on Manifolds, K. Yano and M. Kon, World Scientific.
E. Advanced Discrete Mathematics I

Formal Logic-statements, symbolic representations and tautologies, quantifiers, predicates and validity, propositional logic.

Semigroups & monoids—Definitions & examples, homomorphism of semigroups and monoids, congruence relations and quotient semigroups, subsemigroup and submonoids, direct products, basic homomoprphism theorem.

Graphs—Undirected graphs, paths, circuits, subgraphs, induced subgraphs, degree of a vertex, connectivity, planar graphs, & properties, trees, Euler’s formula for connected planar graphs, complete graphs and bipartite graphs, Kuratowski’s theorem (statement only), spanning trees, cut-sets, & properties  minimal spanning trees and kruskal’s algorithm, matrix representations of graphs, existence of Eulerian paths and circuits, indegree and outdegree of a vertex, weighted undirected graphs, strong connectivity & Warshall’s algorithm, directed trees, search trees, tree traversals.
References:

1. J P Trembly & R Manohar, Discrete Mathematical structures with applications to computer sciences, McGraw   Hill, 1997.

2. J L Gersting—Mathematical structures of computer sciences.

3. S Lepschutz, Finite mathematics, McGraw   Hill.

4. S Wittala, , Discrete Mathematics McGraw   Hill

5. C L Liu, Elements of Discrete Mathematics McGraw   Hill.

6. N Deo, Graph theory with applications to engineering and computer sciences, Prentice Hall of India.
F. ADVANCED FUNCTIONAL ANALYSIS I 
I. Spectral Theory in Finite Dimensional Normed Linear Spaces, Spectral Properties of Bounded Linear Operators, Properties of Resolvent and Spectrum, Spectral Theory in the Light of Complex Analysis, Banach Algebras, Properties of Banach Algebras. 

II. Spectral Properties of Compact Linear Operators, Operator Equations Involving Compact Linear Operators, Theorems of Fredholm Type, Fredholm Alternative.

III. Spectral Properties of Bounded Self-Adjoint Linear Operators, Spectral Family, Spectral Family of Bounded Self-Adjoint Linear Operators, Spectral Representation of Bounded Self-Adjoint Linear Operators, Extension of the Spectral Theorem to Continuous Functions, Properties of the Spectral Family of a Bounded Self-Adjoint Linear Operator.

IV. Unbounded Linear Operators and their Hilbert-Adjoint Operators, Symmetric and Self-Adjoint Linear Operators, Closed Linear Operator and Closures, Spectral Properties of Self-Adjoint Linear Operators, Spectral Representation of Unitary Operators, Spectral Representation of Self-Adjoint Linear Operators, Multiplication and Differentiation Operators. 
References
1. Introductory Functional Analysis with Applications, By Erwin Kreyszig.

2. Foundations of Modern Analysis, By Avner Friedman.

3. Functional Analysis, Spectral Theory
, By V. S. Sunder.

4. First Course in Functional Analysis, By Casper Goffman and George Pedrick.

5. Nonlinear Functional Analysis, A First Course , By S. Kesavan.

6. Elements of Functional Analysis, By B. K. Lahiri. 

G. Nonlinear Differential Equations
Autonomous systems, Flows, Phase space, existence and uniqueness of solutions, stability, Lyapunov fuction, fixed points, saddle, nodes, focus, stable, unstable and centre subspaces, Hartmann-Grabmann Theorem (statement only), Examples, Linearisation, geometrical properties, averaging methods, perturbation method, method of multiscales, forced oscillations, 

Poincare maps, periodic orbits, invariant sets, limit sets, attracting and repelling sets,  Poincare Benedixon theorem (statement only), bifurcations, simple examples, Hopf bifurcation.
References:

1. D. W. Jordan and P. Smith, Nonlinear Ordinary Differential Equations, OUP.

2. E. A. Coddington and N. Levinson, Theory of Ordinary Differential Equations, MacGrow Hill.
3. R. L. Devaney, An Introduction to Chaotic Dynamical Systems, Westview Press, 2003.
H. Fluid & Plasma Dynamics I
Lagrangian and Eulerian methods, equation of continuity, boundary surfaces, stream lines, path lines, streak lines. Velocity potential, Irrorational and rotational motions. Vortex lines.

Lagrange’s & Euler’s equation of motion, Bernoulli theorem, flux method, Moving corordinates, Impulsive actions, Stream function, Irrorational motion in two dimensions. Complex velocity potential, Source, sink, doublets, & their images, Conformal mapping, Milne Thomson Circle theorem. Kinectic energy of liquid, Theorem of Blasius, Stoke’s stream function, Vortex motion, Kelvin’s proof of permanence, motion due to circular and rectilinear vortices.
Stress components in a real fluid, Related relations, connection between stresses and gradients of velocity, Navier-Stoke’s equations of motion, plane Poiseuille and Coutte flows between parallel plates, Reynold number and Prandtl’s numbers.
References:

1. W H Besaint and A S Ramsey, A treatise on Hydrodynamics, CBS publications, !988.

2. 2. G K Batchelor, An introduction to Fluid mechanics, Foundation Books, 1994.

3. F Chorltron, Textbook of fluid dynamics, CBS N. Delhi, 1985.

4. A J Chorin and A Marsden, A mathematical Introduction to Fluid Dynamics, Springer, 1993.
5. L D Landau, E M Lipschitz, Fluid Mechanics, Pergamon, 1985.
6. F. Chen, Plasma Physics and Controlled Fusion, Springer, 1974. 
7. Principle of Plasma Physics, Krall and Trievelpiece, McGRAHILL, 1973.

8. Plasma Physics, Alexander Piel, Springer, 2010.
K. General Relativity &Astrophysics

1:  Theory 

GENERAL RELATIVITY:  







     (36 marks)
Transformation of coordinates. Tensors. Algebra of Tensors. Symmetric and skew symmetric Tensors. Contraction of tensors and quotient law. Orthonormal bases.

          Riemannian metric. Parallel transport. Christoffel Symbols. Covarient derivatives. Intrinsic derivatives and geodesics, Riemann Christoffel curvature tensor and its symmetry properties. Bianchi identities and Einstein tensor. Energy momentum tensor of an electromagnetic field. Einstein-Maxwell equations. Reissner-Nordstrom solution.

          Review of the special theory of relativity and the Newtonian Theory of gravitation. Principle of equivalence and general covariance, geodesic principle. Newtonian aproximation of relativistic equations of motion. Einstein's field equations and its Newtonian approximation.

         Schwarzschild external solution and its isotropic form. Planetary orbits and anologues of Kepler's Laws in general relativity. Advance of perihelion of a planet. Bending of light rays in a gravitational field. Gravitational redshift of spectral lines. Radar echo delay. Rotating Kerr solution and geodesics in it. Gravitational Collapse, White dwarf and Neutron stars, Pulsars, Black holes, Wormholes. 
RADIATION PROCESS:  







     (12 marks) 

Electromagnetic spectrum, Astronomy at different wave length bands, Thermal and non-thermal distributions, Common radiation processes (bremsstrahlung, synchrotron radiation, Compton scattering, pair production), black body radiation Astronomical techniques: Telescopes, photometry and spectroscopy, atmospheric extinction, basics of celestial mechanics  

2: PRACTICAL:  








     (12 marks)
Introduction to Data analysis technique for optical astronomy:  Linux operating system, Overview of IRAF, Installation and setting up environment, Reading and writing data, FITS file format, Image reduction, photometry, spectra, Light curve 

References:

1. 
W.M.Smart: Text book of Spherical Astronomy

2. 
K.D.Abhyankar: Astrophysics:Stars and Galaxies.Tata McGraw Hill Publication

3. 
Martin V. Zombeck: Handbook of Space Astronomy and Astrophysics, Cambridge University Press

4. 
J. V. Narlikar, The Structure of the Universe, Prentice Hall

5. 
T. Padmanabhan, An Invitation to Astrophysics, World Scientific

6. 
C.E. Weatherburn. An Introduction to Riemannian Geometry and the tensor Calculus, Cambridge     University Press, 1950
7. 
H. Stephani, General Relativity: An Introduction to the theory of the gravitational field. Cambridge University Press, 1982.

8. 
A. S. Eddington, The Mathematical Theory of Relativity, Cambridge University Press, 1965.

9. 
J. V. Narlikar, General Relativity and Cosmology: The Macmillan Company of India Limited,      1978.

10. 
R. Adlev, M. Bazin, M. Schiffer, Introduction to general relativity, McGraw Hill Inc. 1975.

11. 
B.F. shutz. A first course in general relativity, Cambridge University Press, 1990.

12. 
S. Weinberg, Gravitation and Cosmology: Principles and applications of the general theory of         relativity, John Willey & Sons, Inc. 1972
13. 
R. K. Sachs and H. Wu., General Relativity for Mathematician, Springer Verlag, 1977

14. 
L.D. Landau and E. M. Lifshitz, The classical theory of Fields, Pergamon Press, 1980

15. 
S.K. Bose, Introduction to general relativity, Wiley Eastern, 1980, New Delhi.
SEMESTER 4
Paper:








Full marks

Paper XVI: 
  
   Graph Theory/Operation Research/

 


   Fuzzy Sets and Applications
     

60           

Paper XVII:  
   
   Analytical Dynamics,

                                     Chaos & Fractals       
       


 60  



    

Paper XVIII:   
  Computer Aided 

  Numerical Analysis: Practical                           60

SPECIAL PAPERS:  Papers XIX and XX
(Two sets of papers to be taken out of the following. The students will have to inform their choices before the beginning of 3rd semester. However combinations will be decided by the Departmental Council before the beginning of the Academic Session every year on the basis of the availability of Faculty Members. The corresponding papers are to be continued in the next semester also)

	
	3rd Semester
	
	4th Semester

	A
	Advanced Real Analysis I
	A
	Advanced Real Analysis II

	B
	Advanced Complex Analysis I
	B
	Advanced Complex Analysis II

	C
	Advanced Topology I
	C
	Advanced Topology II

	D
	Advanced differential Geometry I
	D
	Advanced differential Geometry II 

	E
	Advanced Discrete Mathematics I
	E
	Advanced Discrete Mathematics II

	F
	Advanced Functional Analysis I
	F
	Advanced Functional Analysis II

	G
	Nonlinear Diff. Equations
	G
	Dynamical Systems

	H
	Fluid & Plasma Dynamics I
	H
	Fluid & Plasma Dynamics II

	I
	Theory of General Relativity
	I
	Cosmology


Class Test 







5 X 10 = 50 

Seminar and Viva-voce:                                                     
25 + 25 
Paper XVI:  a) Graph Theory

Partially ordered sets, Lattices, Complete Lattices, Distributive lattices, Complements, Boolean Algebra, Boolean Expressions, Application to switching circuits, Elements of Graph Theory, Eulerian and Hamiltonian graphs, Planar Graphs, Directed Graphs, Trees, Tree traversals, binary search trees, Permutations and Combinations, Pigeonhole  principle, principle of Inclusion and Exclusion, Derangements.

Reference:

1. 
J. P. Tremblay & R. Manohar, Discrete Mathematical Structures with Applications to Computer   Science, McGraw Hill Book Co. 1997

2. 
S. Witala, Discrete Mathematics - A Unified Approach, McGraw Hill Book Co.

3. 
C. L. Liu, Elements of Discrete Mathematics, McGraw Hill Book Co.

4. 
N. Deo. Graph Theory with Applications to Engineering and Computer Sciences, Prentice Hall of India.

Paper XVI: b) Operation Research

Linear Programming:  

Sensivity Analysis, change in the cost vector c, change in the right-hand side vector b, change in the constraint matrix A, addition of a new activity, addition of a new constraint. Parametric analysis perturbation of the cost vector, perturbation of the right hand side. Karmarka’s algorithm. Replacement models and sequencing theory. 

Inventory problems (1) analytic structure, (ii) simple deterministics and stochastic models. Queuing system: basic characteristics, different performance measure, steady state solution of Markovian queuing models: M/M/I, M/M/I with limited waiting space, M/M/C, M/M/C with limited waiting space.

Game theory, Two person-zero sum games, equivalent of rectangular game and linear programming.

Nonlinear Programming:  

Kuhu Tucker conditions of opportunity, quadratic programming methods due to Beal, Wolfe’ and Vandepanne, duality in quadratic programming, self duality. 

Inter programming, Net work analysis, Static maximal flow problem, feasibility flow theorems, minimal flow problems, construction of minimal spanning tree, dynamic programming. 
References:

1.
Linear programming and nerwork flows by M.S. Bazarpa, J.J. Jarvis and H.D. Sheali, John Wiley and sons.

2.
An Introduction to linear programming and game theory by P.R. Thie; J&W.

3.
The Mathematics of Nonlinear Programming by A.L. Peressini, F. E. Sullivan and J.J. Uhl Springer-Verlag. 

4.
Operation Research by H.A. Taha, Prentice Hall of India.

5.
Operation Research Principles and Practice by A. Ravindran, D.T. Phillips and 3. J. Solberg, John Wiley and Sons. 

6.
Introduction to operations research by F.S. Hiller and G.I. Lieberman; Mc-Graw Hill.
Paper XVI : c) Fuzzy Sets and Applications

Basic concepts of fuzzy sets, fuzzy logic, operations on fuzzy sets, fuzzy relations, equivalence and similarity relations, ordering, morphisms, fuzzy relation equations, fuzzy measures, probability measures, possibility and necessity measures, measures of uncertainty, dissonance, confusion and nonspecificity. Principles of uncertainty and information, fuzzy numbers, fuzzy calculus and topology. Simple applications of fuzzy sets in decision making, computer science and systems science.
Reference:
1.
H. J.  Zimmerman, Fuzzy Set Theory and its Applications, Kluwer.

2.
G.J. Klir and B. Yuan, Fuzzy sets and Fuzzy Logics: Theory and Applications, Prentice Hall.

3. 
J. Yen & R. Langari, Fuzzy Logic: Intelligence control and Information, Pearson Education.

4.
N. Palaniappan, Introduction to Fuzzy Topology, Narosa.

Paper XVII : Analytical Dynamics, Chaos & Fractals
Newtonian mechanics: Limitations,  Generalised coordinates, Holonomic and  non-holonomic systems, Scleronomic and Rheonomic systems, Generalised potential, Virtual Work, D’Alembert’s principle, Lagrange’s equations ( first and second kind), Energy integrals for conservative fields, Motion on rotating frame, Foucault’s pendulum, small oscillations,  normal modes.

Calculus of Variations, Euler-Lagrange’s equations, Geodesics, Minimum surface of revolution, Isoperimetric problems, Brachistochrone problem, Problems with moving boundaries.
Hamilton’s principle, Hamilton’s canonical equations, Cyclic coordinates, Routh’s equations, Poisson Brackets, Jocobi-Poisson theorem, principle of least action. Hamilton-Jacobi theory, Action-angle variables, Applications.
One dimensional maps, orbits, phase diagram, hyperbolicity, logistic map, tent map, symbolic dynamics, Chaos, topological conjugacy, Bifurcations—through simple examples only.
Cantor sets, Weirstrass’s no-where differentiable curves, Koch curves, Serpeinski carpet, Topological dimension, Hausdorff and capacity dimensions.
References:

1  A. S. Ramsey. Dynamics Part II, The English Language Book Society and Cambridge Univ. Press, 1972

2  F. Gantmacher, Lectures in Analytic Mechanics, MIR Publishers, Moscow, 1975

3 H. Goldstein, Classical Mechanics (2nd edition), Narosa Publishing House , New Delhi.

4  I. M. Gelfand and S. V. Fomin. Calculus of Variations, Prentice Hall.

5. N. C. Rana & P. C. Joag, Classical Mechanics, Tata McGraw  Hill, 1991.

6. L. N. Hand and J. D. Finch, Analytical Melchanics, Cambridge University Press, 1998.

7. B. Hasselblatt & A. Katok, A first Course in Dynamics, CUP, 2010.

8. R. A. Holmgren, A first course in discrete dynamical systems, Springer.
9. Alligood, Sauer & York, Chaos, an introduction to dynamical systems, Springer.

10. K. Falconer, Foundation to fractal geometry, CUP.

Paper XVIII :Computer Aided Numerical Analysis-Practical
A. Solving Numerical Problems using C – Programming,     
[2 x 15 = 30]

1. Interpolation: Newtown forward, Newtown backward, Stirling, Lagrange etc.

2. Differentiation: Using interpolated polynomials.

3. Integration: Romberge method Gauss Quadrature method.

4.  Matrix inuersion: Gauss Jordan method. 

5. Largest Eigen value and corresponding eigen vector of a squre matrix: Power method.

6. System of Linear equation: Gauss Elimination method, Gauss Seidal method.

7. SOR/SUR Methods, Relaxation Method.

8. O.D.E. : Milnes method, Adams method.

9. P.D.E. : Prarabolic, Laplace, Hyperbolic.

B.
Applications of Mathematica in Numerical and Statistical Problems.
[10]

C.
Note Book + Viva – voce. 






[10+10]

Reference:
1. 
B. Gottfried: Programming with C , Tata McGraw-Hill Edition 2002.

2.
E. Balagurusamy : Programming in ANSI C, Tata Mcgraw Hill - Edition 2002.

3.
Brain W. Kernighan & Dennis M. Ritchie, The C Programme Language, 2nd Edition (ANSI    features) , Prentice Hall 1989.

4.
Let Us C- Y.P. Kanetkar, BPB Publication - 2002.

5. 
Computing Methods---Brezin & Zhidov

6. 
Analysis of Numerical Methods—Isacsons & Keller.

7.
Numerical solutions of Ord. Diff. Equations—M K Jain

8. 
Numerical solutions of Partial Diff. Equations—G D Smith.

Papers XIX and XX

A. Advanced Real Analysis II
Integration on Locally compact Hausdroff space. Continuous functions on a Locally Compact Hausdroff space . Borel and Radon Meabures. Positive Linear Functional on Cc(x).


Basic concepts of Charges – Examples. The space of all bounded charges. Measures. The space of all bounded measures. Jordon decomposition Theorem for charges. Hann  decomposition Theorem for Charges. Nonatomic charges; definitions and existence.

Reference:

1. Lectures on Real Analysis, J. Yeh, World Scientific.

2. A second course on Real functions, A.C.M. Van Rooij and W.H. Schikhof, Cambridge University Press.

3. Theory of Charges, KPS Bhaskara Rao & M. Bhaskara Rao, Academic Press.
B. Advanced Complex Analysis II
Meromorphic functions: Expansion of a meromorphic function, Poisson​Jensen's formula (P-J formula), Jensen's theorem, General Jensen formula, Navanlinna's Characteristic function, Nevanlinna's first and second fundamental theorem, Cartan's Identity, Properties of Nevanlinna's Characteristic function T(r,f), order of a meromorphic function, Definition and estimation of S(r,f), Nevanlinna's five-point uniqueness theorem, Milloux's Basic Result, Fix points of entire functions. 

Analvtic functions of Several Complex Variables: Definition, Polycylindrical domain, Generalised polycylindrical domain, Cauchy's Integral formula, Cauchy-Riemann criterion for analyticity, Representation of an analytic function by power series, Taylor's Theorem, Abel's Theorem, M-Uniform Convergence, Taylor's Theorem for functions of two variables, Liouvillle's Theorem, Singularities of an analytic function, Weierstrass Preparation theorem
Convergence of Infinite Products:   Definition of Infinite product, Necessary condition for convergence of infinite product, General principle of convergence of infinite product, Weierstrass inequalities, Convergence of infinite product in terms of corresponding series, Comparison Test for Convergence of infinite product, Absolute convergence of infinite product, Semi convergent and De arrangement of factors, Uniform Convergence of infinite product, Working rule. 
References:
1. H.A Priestly, Introduction to Complex Analysis, Clarendon Press Oxford, 1990. 

2. J.B. Conway, Functions of one Complex variable, Springer-Verlag, International student-edition, Narosa Pub. House, 1980. 

3. Liang-Shin Hahn and Bernard Epstein, Classical Complex Analysis, Jones and 

Bartlett Pub. International London, 1996. 

4. L.V. Ahlfors, Complex Analysis, McGraw. 

5. S. Lang, Complex Analysis, Addison Wesley, 1970. 

6. D. Sarason, Complex Function Theory, Hindustan Book Agency, Delhi, 1994. 

7. Mark J. Ablowitz and AS. Fokas, Complex Variables: Introduction and Applications, Cambridge University Press, South Asian edn. 1998. 

8. E. Hille, Analytic Function Theory (2 Vols), Gonn and Co., 1959. 

9. W.H.J. Fuchs, Topics in the Theory of Functions of one complex variable, D. Van Nostrand Co., 1967. 

10. Caratheodory, Theory of Functions (2 vols), Chelsea Publishing Company, 

1964. 

11. M. Heins, Complex Function Theory, Academic Press, 1968. 

12. Walter Rudin, Real and Complex Analysis, McGraw- Hill Book Co., 1966. 

13. S. Saks and A Zygmund, Analytic Functions, Monographie Matematyczne, 

1952. 

14. E.C. Titchmarsh, The Theory of Functions, Oxford University Press, London. 

15. W.A Veech, A Second course in Complex Analysis, WA. Benjamin, 1967. 

16. S. Ponnusamy, Foundations of Complex Analysis,Narosa Publication House, 1997 . 

C. Advanced Topology II

(1) TOPOLOGICAL GROUPS – Definition and illustrative examples, system of nbds of identity; subgroups, normal subgroups and factor groups of topological groups; isomorphisms of topological groups; separation axioms and connectedness of topological groups; topological transformation groups.

(2) UNIFORM SPACES – Uniformity, base and subbase of uniformity;  topology induced by uniformity, uniformizable topology and uniformization of topological spaces; uniform continuity, uniform isomorphism and uniform equivalence; product uniformity and its relation with product topology; uniformity and metrization; Cauchy filters, completeness and completion of uniform spaces.

(3) PROXIMITY – Grill, c-grill, conjoint grill, linked grill and linkage compactness;  principal extension of a topological space and achieving linkage compact (and compact) principal  extensions through certain collection of grills; Definition and illustrative examples of proximities; Lodato (Lo)-proximity and EF-proximity; Smirnov’s result on the correspondence between Lo-proximities and T2-compactifications of Tychonoff spaces.

References :

1. Algebraic Topology, Allen Hatcher, Cambridge University Press.

2. Topology, James R. Munkres, Pearson Education Inc. 

3. Algebraic Topology – A Primer, Satya Deo, (Trim 27) Hindustan Book Agency.

4. General Topology, J. L. Kelley, Van Nostrand, Reinhold Co., NY.

5. Topological Groups (2nd Edition), L.S. Pontryagin, Gordon and Breach Science Publishers Inc.

6. Proximity structures and grills, W.J. Thron, Math. Ann. 206(1973), 35-62.
D. Advanced Differential Geometry II
A brief review of Differentiable manifolds, tangent and cotangent spaces, vector fields.
Riemannian metrics.

Affine connections, Riemannian connections, Koszul formula, Fundamental Theorem of Riemannian geometry. Torsion and Curvature tensors. Sectional curvature.

References:

1. Riemannian Geometry, M. P. Do Carmo, Birkhauser.

2. A Panoramic View of Riemannian geometry, M. Berger, Springer.
E. Advanced Discrete Mathematics II

Lattices—Lattices as partially ordered sets, their properties, algebraic systems, sublattices, directed product, & homomorphisms, comple, complemented & distributed lattices.

Boolean algebras—as Lattices, various identities, switching algebra, subalgebras, direct product and homomorphism, irreducible elements, atoms ,minterm, Boolean forms and equivalence, minterm Boolean forms, sum & product of canonical forms, minimization of Boolean functions, applications to switching theory using AND, OR & NOT gates.  

Computability—finite set machine, transition tables, equivalence, reduced machines, homomorphisms, finite automata, acceptors, non-deterministic finite automata,  relation with finite automata, Moore & Mealy machines.

Turing machine, partial recursive functions.

 Grammers and languages—Phrase structure, rewriting rules, derivations, sequential forms, regular, context free and context sensitive grammers and languages, regular sets, expressions, Pumping lemma, Kleene’s theorem.

Notion of syntax analysis, Polish notations, conversion of infix expressions to Polish notations, the reverse Polish notation.

References:

1. J P Trembly & R Manohar, Discrete Mathematical structures with applications to computer sciences, McGraw   Hill, 1997.

2. J L Gersting—Mathematical structures of computer sciences.

3. S Lepschutz, Finite mathematics, McGraw   Hill.

4. S Wittala, , Discrete Mathematics McGraw   Hill

5. C L Liu, Elements of Discrete Mathematics McGraw   Hill.

6. N Deo, Graph theory with applications to engineering and computer sciences, Prentice Hall of India.
F. Advanced Functional Analysis-II
I. Linear Topological Spaces, Seminorms and Minkowski Functional, Locally Convex Spaces, Hahn-Banach Theorem and Applications.

II. Best Approximation, Strictly Convex Norm, Uniform Approximation, Approximation in Hilbert Spaces.

III. Non Linear Functionals, Gateaux Derivative, Frechet Derivative, Integration in Banach Spaces, Bilinear Operators, Second Derivative and Taylor’s Theorem, Monotone Operators and Some Results on Monotone Operators.

References

1. Introductory Functional Analysis with Applications, By Erwin Kreyszig.

2. Foundations of Modern Analysis, By Avner Friedman.

3. Functional Analysis, Spectral Theory
, By V. S. Sunder.

4. First Course in Functional Analysis, By Casper Goffman and George Pedrick.

5. Nonlinear Functional Analysis, A First Course , By S. Kesavan.

6. Elements of Functional Analysis, By B. K. Lahiri. 
G. Dynamical Systems

Fixed points, periodic points, orbits, stable and unstable sets, Logistic and other non-invertable maps, circle map, centre sets, symbolic dynamics, topological conjugacy, structural stability, Chaos, period doubling cascades, pitchfork, saddle node, transcritical bifurcations, , Hopf bifurcation, bifurcations in ODE, Poincare sequence, Homoclinic paths,  Horseshoe map, toral automorphisms, chaos in nonlinear ODE.
References:
1. R. L. Devaney, An Introduction to Chaotic Dynamical Systems, Westview Press, 2003.

2. B. Hasselblatt & A. Katok, A first Course in Dynamics, CUP, 2010.

3. R. A. Holmgren, A first course in discrete dynamical systems, Springer.

4. Alligood, Sauer & York, Chaos, an introduction to dynamical systems, Springer.

5. K. Falconer, Foundation to fractal geometry, CUP.

H. Fluid & Plasma Dynamics II
Megnetohydrodynamics: 
Electromegnetic theory and magnetohydrodynamics, electromagnetic equations of Maxwell and their relativistic invariance, plane electromagnetic waves, Poynting vector, Lorentz’s body force, basic equations of MHD, frozen-in-field, magnetic Reynold number, Ferrar’s law of isorotation, Hartmann’s flows, Hydromagnetic waves, magnetosonic wa

Plasma Dynamics: 
Definition of plasma, plasma properties, existence in space and lab., plasma applications, particle motion in presence of magnetic field and electric field, drift effects, magnetic mirror.

Kinetic and fluid theory, distribution function, Vlasov equation, Landau damping damping, derivation of fluid equation from Vlasov equation. Waves in plasma, Langmuir waves, electromagnetic waves, Alfven waves, elementary EM wave in presence of magnetic field, properties of dispersion relation, General ideas and examples of numerical simulation of plasmas, particle in cell method, solution of Vlasov equation.
References:

1.
Hydrodynamic and Hydromagnetic stability: S. Chandrasekhar (Oxford Univ. Press).
2.
F. Chen, Plasma Physics & Controlled Fusion, Springer, 1974.

3.
Principle of Plasma Physics, Krall and Trievelpiece, McGRAHILL, 1973.

4.
Plasma Physics, Alexander Piel, Springer, 2010.

K. Cosmology
A: Theory
Cosmology:  









     (36 marks)

Hubble's law, Cosmological principles. Weyl's postulate. Derivation of Robertson-Walker metric. Hubble and deceleration parameters. Redshift. Redshift versus distance relation. Angular size versus redshift relation and source counts in Robertson-Walker space-time, cosmological distances. 

Friedmann models. Fundamental equations of dynamical cosmology. Critical density. Closed and open Universes. Age of the universe. Matter dominated era of the Universe. Einstein-de-Sitter model. Particle and event horizons. Distance-redshift relation. Early universe, Jeans mass, inflationary scenario, Eddington-Lamaitre models with -term. Perfect cosmological principle. Steady state Cosmology.

Cosmology-Mach's principle, Einstein modified field equations with cosmological term. Static Cosmological models of Einstein and De-Sitter, their derivation, properties and comparison with the actual universe.

Stars & Galaxies and Extra-galactic objects:  




     (12 marks)
Stellar evolution, the HR diagram, compact stars, Supernova, pulsars, black hole, quasars, active galactic nuclei, Gamma Ray bursts.  

B: Practical: 









  (8+8 marks)

1) 
Data analysis technique: Overview of HEASOFT, X-ray Spectra & Light curve of GRBs & Pulsars, iron line, computing pulsar period, quasi-periodic oscillation (QPO). 

2) 
Hands-on experiment on positional astronomy:  Telescope, Sky watching – locating a celestial object, Computation of Lunar and solar eclipse

References:
1. 
N. Duric: Advanced Astrophysics, Cambridge University Press

2. 
W. Kundt: Astrophysics:A new approach, Springer

3. 
P. Lena, F. Lebrun and F. Mignard: Observational Astrophysics, Springer

4.          N. Straumann, General Relativity and Relativistic Astrophysics, Spinger-Verlog

5.         T. Padmanabhan, Theoretical Astrophysics (Vol. 1, II & III), Cambridge University Press
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