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Programme         : M.Phil. Mathematics 

Programme Code: MMT 
 

Program Specific Outcomes: 

Students will 

1. develop an appreciation of the basic concepts of Algebra, Banach Algebra and 

Spectral Theory, and Analysis. 

2. develop in themselves a climate of inquiry which will pave way for doing 

mathematics by students themselves. 

3. develop a taste for Research. 

4. be equipped in analytical thinking abilities 

5. learn a lot of mathematical structures 

6. gain the ability to work in a team 

7. enhance their ability to construct and express logical arguments 

8. be able to work in abstract terms to increase the clarity and efficiency of Algebra 

and Analysis 

9. have opportunity to develop generic skills that will assist them in any future career 

path 
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Programme Structure : 

Sem. Status Course Code Title of the Paper Hrs 
Lib.  

Hrs 
Cdts 

I 

Core - 1 18 MMT 11 

 

Commutative Algebra 

 
4 6 4 

Core - 2 

 

18 MMT 12 

 

Banach Algebra and Spectral Theory 

 
4 6 4 

Core - 3 18 MMT 13 

 
Research Methodology (Internal) 4 6 4 

 Sub Total 12 18 

 

12 

 

II 

Core - 4 18 MMT 21 

 

Dissertation 

 

7 12 8 

Elective 

 
18 MMTE 21 

Project Oriented Elective Courses ï 

1. Advanced Analysis 

2. Harmonic Analysis 

3. Algebraic Topology 

4. Differential Manifolds 

 

5 6 4 

Sub Total 12 18 12 

Grand Total 60 24 
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COMMUTATIVE ALGEBRA  

(Course Code: 18 MMT 11) 

Semester - I   Core -1  Hours - 4 Credits – 4 

Course Outcomes: Students will learn 

1. the various elementary operations on ideals and properties of modules 

2. a brief treatment of tensor products 

3. the formation of rings of fractions and the associated process of localization  

4. the decomposition of an ideal into primary ideals and Cohen-Seidenberg theorems on 

prime ideals  

5. about Noetherian rings under various operations 

UNIT - I:   

  Rings and ideals - rings and homomorphism - ideals, quotient rings ï zero divisors, 

nilpotent elements, unit - prime and maximal ideals - Nilradical and Jacobson radical - 

operations on ideals - extension and contraction.      

(Chapter 1) 

UNIT - II:  

  Modules - modules and module homomorphisms - sub modules and quotient modules 

- operations on sub modules - direct sum and product - finitely generated modules - exact 

sequences - tensor product of modules - restriction and Extension of scalar - exact properties 

of tensor product.   

(Chapter 2) 

UNIT - III:   

  Rings and modules of fractions - local properties - extended and contracted ideals in 

rings of fractions - primary decomposition - Noetherian rings - primary decomposition in 

Noetherian rings.  

              (Chapters 3, 4 and 7) 

UNIT - IV:   

  Integral dependence - Going - up  theorem - Integrally closed integral domains - 

Going - down theorem - valuation rings - chain conditions.    

(Chapters 5 and 6) 

UNIT - V:   

 Artin rings - Structure theorem to Artin rings - Discrete valuation rings - Dedekind 

domains - Fractional ideals. 

(Chapters 8 and 9) 

Text book: 

Introduction to Commutative Algebra, M.F. Atiyah, FRS, and I.G. MacDonald, Addison ï 

Wesley publishing company. 

Reference books: 

1. N. S. Gopalakrishnan, Commutative Algebra, Orient Blackswan, 2
nd

 Edition, 2006   

2. I. S. Luthar, I. B. S. Passi, Algebra, Volume 3: Modules, Narosa Publishing Home Pvt. 

Limited, 2013. 

3. C. Musili, Rings and Modules, Narosa Publishing Home Pvt. Limited, 2
nd

 Edition, 1999. 
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BANACH ALGEBRA AND S PECTRAL THEORY  

(Course Code: 18 MMT 12) 

Semester - I   Core - 2  Hours - 4 Credits - 4 

Course Outcomes: Students will be able to 

1. appreciate the basic concepts of Banach Algebra and Spectral Theory 

2. combine the topological features of a Banach space with the algebraic features of rings 

3. examine Banach algebras consisting of bounded operators on Hilbert and Banach spaces 

4. apply the basic theoretical techniques to analyze linear functionals on Banach and Hilbert 

Spaces 

5. learn the Gelfand theory of commutative Banach algebras, the theory of normal operators, 

the characterizations of B
*
 - algebras and the theory of unbounded operators 

 

UNIT - I:   

  Introduction - complex homomorphism - basic properties of spectra - symbolic 

calculus   

(Chapter 10: Sections 10.1 - 10.33) 

UNIT - II:  

  Differentiation - the group of invertible elements - ideals and homomorphisms - 

Gelfand transforms- involutions- applications to non commutative algebras.    

(Chapter 10: Sections 10.34 - 10.44; Chapter 11:  Sections 11.1 - 11.29) 

UNIT - III:   

  Positive functionals - bounded operators: basic facts - bounded operators - A 

commutativity theorem - resolution of the identity 

(Chapter 11: Sections 11.30 - 11.33; Chapter 12:  Sections 12.1 - 12.21) 

UNIT - IV:   

  Spectral theorem - eigen values of normal operators - positive operators and square 

roots- the group of invertible operators. 

(Chapter 12: Sections 12.22 - 12.41) 

UNIT - V:   

  Characterization of B*-Algebras - Introduction - Graphs and symmetric operators - 

Cayley transform. 

(Chapter 13: Sections 13.1 - 13.19) 

Text book: 

Functional Analysis, Walter Rudin,  First Edition, Tata McGraw-Hill Publishing Company 

Ltd, New Delhi           

Reference books: 

1. Peter D. Lax, Functional Analysis, John Wiley and Sons, 2002. 

2. Gerald Teschl, Topics in Real and Functional Analysis, American Mathematical Society, 

2017. 

3. Reed. M and Simon. B, Methods of Modern Mathematical Physics: Volume I : Functional 

Analysis, Academic Press, 1980. 
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RESEARCH METHODOLOGY                                                                                                      

(Core Code: 18 MMT 13) 

Semester - I   Core - 3  Hours - 4   Credits - 4 

Course Outcomes: The students will learn 

1. a range of quantitative and qualitative research designs  

2. the method of writing research reports 

3. research report formatting and typing 

4. research methodology in Mathematics 

5. the types of plagiarism in research in Mathematics 

UNIT - I:    Research Methodology: An introduction ï Meaning of Research ï Objectives 

of Research ï Motivation in Research ï Types of Research ï Research Approaches ï 

Significance of Research ï Research Methods versus Methodology ï Research and Scientific 

Method ï Importance of Knowing How Research is Done ï Research Process- Criteria of 

Good Research ï Problems Encountered by Researchers in India.                        (Chapter 1) 

 

UNIT - II:    Research Design ï Meaning of Research Design ï Need for Research Design 

 Defining the Research Problem ï What is a Research Problem ? ï Selecting the Poblem ï 

Necessity of Defining the Problem ï Technique Involved in Defining a problem. 

 ï Features of A Good Design ï Important Concepts Relating to Research Design ï Different 

Research Designs ï Basic Principles of Experimental Designs.               (Chapter 2 & 3) 

 

UNIT - III:     Interpretation and Report Writing ï Meaning of Interpretation ï Why 

Interpretation ? ï Technique of Interpretation ï Precaution in Interpretation ï Significance of 

Report Writing ï Different Steps in Writing Report ï Layout of the Research Report ï Types 

of Reports ï Oral Presentation ï Mechanics of Writing a Research Report ï Precautions for 

Writing Research Reports.               (Chapter 14) 

 

UNIT - IV :  Summary - Introduction and Motivation -  Mathematical style - Terminology 

and notation (especially in discrete mathematics) - English usage in mathematical writing - 

Mathematical English for non-native speakers. 

 

UNIT - V:      

  Plagiarism - What is Plagiarism -Types of Plagiarism ï Glossary - Preventing 

plagiarism when writing.          

 

Text book:  

For Units I – III :   C.R. Kothari, ñResearch Methodology (Methods and Techniques)ò, 

Second edition, New Age International Publishers, 2012. 

For Unit  IV : Douglas B. West, The Grammar According to West,      

https://faculty.math.illinois.edu/~west/grammar.html 

For Unit V:  Web Site :http://www.plagiarism.org/plagiarism-101/what-is-plagiarism/ 

 

Reference Books: 

1. R. Panneerselvam, Research Methodology, PHI Learning private Limited, 2011. 

2. N. Gurumani, Research Methodology for Biological Sciences, MJP Pubhlishers, 2006. 
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-----------------------------------------------------------------------------------------------------------

DISSERTATION  

(Core Code: 18 MMT 21) 

Semester - II     Core - 4    Hours - 7  Credits – 4 

------------------------------------------------------------------------------------------------------------ 

 

 

 

 

 

 

The following guidelines have to be followed by every candidate while preparing his/her 

M.Phil. dissertation: 

 

1. Dissertation text should be typed in LaTeX. 

2. The number of pages in M.Phil. Dissertation should be not less than 60 pages 

inclusive of bibliography and Annexure. 

3. The M.Phil. scholars should attend at least one of the following training programmes. 

Workshops, Seminars, Symposiums, etc 

4. The M.Phil. scholars should have presented a paper in a conference or published or 

received for acceptance in ISSN/ reputed journal before submitting the Dissertation.  
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HARMONIC ANALYSIS  

(Course Code: 18 MMTE 21) 

Semester - II   Elective - 1    Hours - 6  Credits - 5 

Course Outcomes: The students will learn 

1. to construct rigorous mathematical arguments 

2. to develop the knowledge of Fourier Transform 

3. the basic knowledge of the boundary value of a harmonic functions  

4. to prove main propositions related to Fourier series and Fourier transform 

5. to solve harmonic equations in various spaces. 

6. Minkowskiôs theorem and measures on infinite product spaces 

 

UNIT - I:   
  Fourier series and integrals : definition and results - the Fourier transform - 

convolution, approximate identities - Fejerôs theorem - Unicity theorem - Parseval relation - 

Fourier Stieltjes coefficients - the classical kernels. 

(Chapter 1) 

UNIT - II:  
  Fourier series and Integrals (continued): Summability: Metric theorems - pointwise 

summability - positive definite sequences - Herglotzô theorem - the inequality of Hausdorff 

and Young  measures with bounded powers - endomorphisms.    

        (Chapter 1) 

UNIT - III:   
  The Fourier Integral: Introduction - Kernels of R - The Plancherel theorem - Another 

convergence theorem - The Poisson summation formula - Bochnerôs theorem - The continuity 

theorem. 

(Chapter 2) 

UNIT - IV:   
  Discrete and compact groups: Characters of discrete groups - characters of compact 

groups - Bochnerôs theorem. 

(Chapter 3: Sections 3.1 - 3.3) 

UNIT - V:   
  Minkowskiôs theorem - measures on infinite product spaces- continuity of seminorms. 

(Chapter 3: Sections 3.4 - 3.7) 

Text book:   

Henry Helson, Harmonic Analysis, Hindustan Book agency, 1996 - 97. 

Reference books: 

1. Auton Deitmar, A First Course in Harmonic Analysis, Springer-Verlag, New 

York, 2002. 

2. Yitzhak katznelson, An Introduction to Harmonic Analysis, Third edition, 

Cambridge Mathematical Library, 2004. 
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ALGEBRAIC TOPOLOGY  

(Course Code: 18 MMTE 21) 

Semester - II   Elective - 1    Hours - 6  Credits - 5 

Course Outcomes: The students will study 

1. the fundamental group of algebraic topology 

2. the fundamental group that creates an algebraic image of a space  

3. simplicial and singular homology and the techniques of calculating homology groups  

4. cellular homology and Mayer Vietoris sequences 

5. cohomology group and universal coefficient theorem 

 

UNIT - I:   
  Paths ï homotopy ï the fundamental group of the circle (including torus) ï induced 

homomorphisms. 

(Chapter 1: Section 1.1) 

UNIT - II:  
  Van Kampenôs Theorem ï application to cell complexes ï covering spaces ï lifting 

properties ï classification of covering spaces (representing covering spaces by permutations 

is included).    

(Chapter 1: Sections 1.2, 1.3) 

UNIT - III:   
  Homology ï simplical and singular homology ï homotopy invariance ï exact 

sequences and excision ï equivalence of simplical and singular homology. 

(Chapter 2: Section 2.1) 

UNIT - IV:   
  Computations and applications ï cellular homology ï Mayer Vietoris sequences ï 

homology with coefficients. 

(Chapter 2: Section 2.2) 

UNIT - V:   
         Cohomology Groups ï The universal coefficient theorem ï cohomology of spaces. 

(Chapter 3: Sections 3.1) 

Text book:   

        Allen Hatcher,  Algebraic Topology, Cambridge University Press, 2002 Edition 

(Reprinted in 2009). 

Reference books: 

1. William Fulton, Algebraic Topology A First Course, Springer-Verlag New York 

1995. 

2. Edwin H. Spanier, Algebraic Topology,  Springer-Verlag New York 1966. 
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DIFFERENTIAL MANIFOL DS 

(Core Code: 18 MMTE 21) 

Semester - II   Elective - 1    Hours - 6  Credits - 5 

Course Outcomes: The students will learn 

1. to explain the concepts of a manifold  

2. to perform coordinate-based calculations on manifolds. 

3. to describe vector fields from different points of view  

4. to work effectively with tensor fields and differential forms on manifolds. 

5. integration on Manifolds 

 

UNIT - I:   
  Preliminaries ï differentiable manifolds ï second axiom of countability. 

(Chapter 1: Pages 02 – 11) 

UNIT - II:  
  Tangent vectors and differentials ï vector fields.    

(Chapter 1: Pages 12 – 22, 34 – 41) 

UNIT - III:   
  Sub-manifolds ï Implicit Mapping Theorem. 

(Chapter 1: Pages 22 – 33) 

UNIT - IV:   
  Tensors and exterior algebra ï tensor fields and differential forms. 

(Chapter 2: Pages 54 – 80) 

UNIT - V:   
        Orientation ï integration on manifolds. 

(Chapter 4: Pages 138 – 152) 
 

Text book:   

F.W. Warner, Foundations of Differential Manifolds and Lie Groups, Springer Verlag, 1983. 

Reference books: 

1. Serge Lang, Differential Manifolds , Addison Wesley Publishing company, 1972. 

2. John Lee, Introduction to smooth manifolds, Springer, 2012 

3. Michael Spivak, Calculus on manifolds, Benjamin, 1965 
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ADVANCED ANALYSIS  

(Core Code: 18 MMTE 21) 

Semester - II   Elective - 1    Hours - 6  Credits - 5 

Course Outcomes: Students will learn 

1. mathematical reasoning by applying the concepts of real analysis 

2. to appreciate the basic concepts of measure theory 

3. to appreciate lengthy and constructive proofs 

4. the fundamental theorems on integration 

5. the impact of measure theory in ergodic theory 

 

UNIT - I:   
  Abstract Integration: Set - theoretic notations and terminology ï the concept of 

measurability ï simple functions ï elementary properties of measures ï arithmetic in     [0, ¤) 

ï integration of positive functions ï integration of complex functions ï the role played by sets 

of measure zero. 

(Chapter 1) 

UNIT - II:  
  Positive Borel Measures: Vector spaces ï topological preliminaries ï The Riesz 

Representation Theorem ï regularity properties of borel measures ï Lebesgue measure ï 

continuity properties of measurable functions.    

        (Chapter 2) 

UNIT - III:   
  L

P
-Spaces: Convex functions and inequalities ï the L

P
-spaces ï approximations by 

continuous functions. 

(Chapter 3) 

UNIT - IV:   
  Complex measures: Total variation ï absolute continuity ï consequences of the 

Radon-Nikodym Theorem ï bounded linear functional on L
P
 ï The Riesz Representation 

Theorem. 

(Chapter 6) 

UNIT - V:   
         Integration on product spaces: measurability on cartesian products ï product 

measures ï The Fubini Theorem ï completion of product measures ï convolutions ï 

distribution functions. 

(Chapter 8) 

Text book:   

Walter Rudin, Real and Complex Analysis, Third edition, Tata McGraw-Hill Education, 

1976 . 

Reference books: 

1. Royden H. L., Real Analysis, The Macmillan Company, New York , 1963. 

2. Halmos, P.R., Graduate text in Mathematics - Measure Theory, Springer Science + 

Business Media, 1974.  

 


