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CC.I REAL ANALYSIS

With effect from the Session: 2024-25

Part A - Introduction
M.Sc. MathematicsName of Programme

Semester

REAI, ANALYSISName of the Course

M24-MAT-l0lCourse C

CC-1Course Type

400-499Level of the course

Courses on Real Analysis up to the 299 level

he course aims to familiarize the leamer with Riemann-S tieltjeCourse Objectives

LO l: Understand the concept of Riemann-Stieltjes

ts properties; integration of vector-valued functions wr

LO 2: Understand and handle convergence ofsequences and seri

f functions: construct a continuous nowhere-differentiabl

nction; demonstrate understanding of the statement and proof o

Weierstrass approximation theorem.

LO 3: Understand the concepts of differentiability and continui

f functions of several variables and their relation to parti

erivatives; apply the knowledge to prove inverse function th

LO 4: To formulate convergence problems of Fourier series, kno

bout the (C,l) summability of Fourier series and apply th

otions to prove the well- known Fejer theorem' Bessel's inequality

iesz-Fischer theorem, Parseval equality and Riemann-Lebes

eorem

integral alon

pplication to rectifiable curves

d implicit function theorem.

Course Learning Outcomes
(CLOs)
After completing this course, the

leamer will be able to:

TotalPracticalTheory
404

Credits

404weekHoursTeachin

v

-1

lr

)U'z-

I

Pre-requisite for the course
(if anv)

integral, uniform convergence of sequences and series of functions

functions of several variables and Fourier series.

(
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Internal Assessment Marks 30 0 30

End Term Exam Marks 10 0 70

Max. Marks r00 0 100

Examination Tlme 3 hours

Part B- Contents ofthe Course

Instruction Pa r- The examiner will set 9 questions askinf two questions from each

unit and one compulsory
compulsory question (Qu
be required to attempt
question. All questions w

question by taking course learning ou
estion No. l) will consist 7 parts cove
5 questions, selecting one question

tcomes (CLOs) into consideration. The
ring entire syllabus. The examinee will
from each unit and the compulsory

ill carry equal marks.

Unit Topics Contact Hours
I Definition and existence of the Riemann-Stieltjes integra l, properties o{

the integral, integration and differentiation, the fundamental theorem o{

calculus, integration of vector-valued functions, rectifiable curves.

(Scope as in Chapter 6 of 'Principles of Mathematical Analysis' by

Walter Rudin, Third Edition).

l5

II Sequences and series of functions: Pointwise and uniform convergence

of sequences of functions, Cauchy criterion for uniform convergence,

Dini's theorem, uniform convergencs and continuity, uniform

convergence and Riemann integration, uniform convergence and

differentiation. (Scope as in Sections 9.1 to 9.3 of Chapter 9'Methods oI

Real Analysis' by R.R. Goldberg).

Convergence and uniform convergence of series of functions,

Weierstrass M{est, integration and differentiation of series of functions,

existence of a continuous nowhere-differentiable function, the

Weierstrass approximation theorem (Scope as in Sections 9.4,9.5,9.7 o1

Chapter 9 & Section 10.2 of Chapter l0 of 'Methods of Real Analysis'

by R.R. Goldberg).

15

III lFunctions of several variables: Linear transformations, the space oI

linear transformations on Rn to Rm as a metric space, open sets,

continuity, derivative in an open subset of Rn, chain rule, partial

derivatives, continuously differentiable mappings, the contraction

principle, the inverse function theorem, the implicit function theorem.

(Scope as in relevant portions of Chapter 9 (up to 9.29) of'Principles ol
Mathematical Analysis' by Walter Rudin, Third Edition)

l5

IV Fourier Series: Formulation of convergence problems, the necessary and

sufficient condition f,or the Fouriesr series for f at x to converge to f(x),
The (C, I ) summability of Fourier series, Fejer theorem, The 12 theory of

t5

\r-
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Fourier series, Bessel's inequality, Riesz Fischer theorem, Parseval's

equality, convergence of Fourier series, Riemann-Lebesgue theorem,

Orthonormal expansions in Lzla,b), Bessel's inequality for generalized

Fourier series. (Scope as in Chapter l2 of 'Methods of Real Analysis' by

R.R. Goldberg).

60otal ntact ou

Suqqested Evaluation Methods
Internal Assessment: 30

7030 ) Theorv:F Theory
5. Class Participation:
l0resentation/assignmenVquiz/class test etc.:o Seminar/p
l5

Written Examination

o Mid-Term Exam:
Part C-Learnin Resources

Recommended BookVe-resources/LMS:
Recommended Text Books;

I . Walter Rudin, Principles of Mathematical Analysis (3rd Edition) McGraw-Hill, 2013 '

2. R.R. Goldberg, Methods of Real Analysis, Oxford and IBH Publishing, 2020.

Reference Books:

l. T.M. Apostol, Mathematical Analysis, Narosa Publishing House, New Delhi, 1985'

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

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

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

5. Serge Lang, Analysis I & II, Addison-Wesley Publishing Company Inc', 1969'

6. S.C. Malik and Savita Arora, Mathematical Analysis, New Age lntemational Limited, New Delhi'

th Edition 2010.

7. D. Somasundaram and B. choudhary, A First course in Mathematical Analysis, Narosa Publishing

ouse, New Delhi, 1997

V

\7

End Term Examination: 70

.A
)

0_<-.



5

With effect from the Session: 2024-25

Part A - Introduction
M.Sc. MathematicsName of Programme

Semester

COMPLEX ANALYSISName of the Course

M24-MAT-102Course Co

cc'2Course Type

400-499Level of the course

Courses on Rea[ Analysis up to the 299 level

e main objective of the course is to familiarize the leamer with

mplex function theory, analytic functions theory, the Cauchy'

eorems, integral formulas, singularities and contour integration

d finally provide a glimpse of Argument principle; Rouche'

eorem; Schwarz Lemma.

Course Objectives

LO I : Understand the concepts of limit, continuity, differentiatio

d integration for functions defined over a complex plane as well

for the elementary functions.

LO 2: Solve the complex integrals of various kinds through th

plications of relevant theorems, formulae and power seri

LO 3: Analyse the complex functions with singularilies for zeroe

d residues at poles and apply the results to solve the improp

LO 4: Solve complex improper integrals through the indentation,
sformation/mapping of integration paths so as to avoid

ingularities and branch points/cuts.

xpanslons.

ntegrals.

Course Leaming Outcomes
(CLOs)
After completing this course, the

leamer will be able to:

Theory Practical Total
0 44

Teaching Hours per week 4 0 4

Intemal Assessment Mar 30 0 30
70 0 70End Term Exam Marks

Max. Marks 100 0 100
Examination Time 3 hours

L---.

\i

CC.2 COMPLEX ANALYSIS

I

Pre-requisite for the course
(if anv)

Credits

%------ a,-t
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Part B- Contents ofthe Course
Instructio ns for Paper- Setter: The examiner will set 9 questions asking two questions from each
unit and one compulsory question by taking course learning outcomes (CLOs) into consideration. The
compulsory question (Question No. l) will consist 7 parts covering entire syllabus. The examinee will
be riquired to attempt 5 questions, selecting one question from each unit and the compulsory
question. All questions will carry equal marks.
Unit Topics Contact Hours

I Analyic functions; Harmonic functions; Refl ection principle;

Elementary functions: Exponential, Logarithmic, Trigonometric,

Hyperbolic, Inverse trigonometric , Inverse hyperbolic, Complex

exponents;

Complex Integration: Definite integral; Contours; Branch cuts.

(Relevant portions from the book recommended at Sr. No. 1)

l5

II Cauchy-Goursat theorem; Simply/ multiply connected domains;

Cauchy integral formula; Morera's theorem; Liouville's theorem;

Fundamental theorem of algebra; Maximum modulus principle;

Power series: Taylor series; Laurent series; Uniform/ absolute

convergence.

(Relevant portions from the book recommended at Sr. No. 1)

l5

III Differentiation. integration, multiplication, division of power series;

Singularities; Poles; Residues; Cauchy's residue theorem; Zeros of an

analyic function;
Evaluation of improper integrals; Jordan's lemma.

(Relevant portions from the book recommended at Sr. No. 1)

t5

ndented paths; Integration along a branch cut; Definite integrals

volving sines and cosines; Winding number of closed curve;

rgument principle; Rouche's theorem; Schwarz Lemma ;

ransformations: linear, bilinear (Mobius), sine, 22, 212 ;

pping: Isogonal; Conformal; Scale factors; Local inverses; harmoni

ugates

Relevant portions from the book recommended at Sr. No. l)

ontact ou

Su ted Evaluation Methods

Internal Assessment: 30 End Term Examination: 70

) Theory 30 ) Theory: 70

o Class Participation 5 Written Examination

Seminar/presentat tl IASs St etcIonlASS I gnmen qulzJc te l0
o Mid-Term Exam l5

(r

v Y3

15

{60

4--) D-v-
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Part C-Learni Resources

Churchill, R.V. and Brown, J.W., Complex Variables and Applications, Eighth edition;

McGraw Hill Intemational Edition, 2009.

rence books:

1. Ahtfors, L.V., Complex Analysis. McGraw-Hill Book Company, 1979.

2. Conway, J.B., Functions ofOne complex variable, Narosa Publishing, 2000'

3. Priestly, H.A., Introduction to Complex Analysis, Claredon Press, Orford, 1990.

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

5. Mark J.Ablewitz and A.S.Fokas, Complex Variables : Introduction & Applications,

Cambridge University Press, South Asian Edition, 1998.

6. E.C.Titchmarsh, The Theory ofFunctions, Oxford University Press, London. 1939'

7. S.Ponnusamy, Foundations of Complex Analysis, Narosa Publishing House, 1997.

I

Recommended Books/e-resou rces/LMSi
mmended Text Book:

Q,t

fix

Jo

w
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CC-3 Theo of Ordin Differential uatlons

With effect from the Session: 2024-25

Part A - Introduction
M.Sc. MathematicsName of Programme

Semester

Theory of Ordinary Differential EquationsName of the Course

M24-MAT-103ourse Code

Course Type CC.3

400-499Level of the course

Courses on Differential Equation and Real Analysis up to the 299
level

Pre-requisite for the course
if an

Course Objectives

ti tr

tial
tti

adj

iati
ffe

rtffe
ati

ki
sfo

ficati

b em and tSfo an n atr va uenU ed tanrS cd no coL IC proepts
ex cestel't fo so onux tema SO u ont dan a ro s,S,pp

oNS anIt uan o oIt so u ofoSS sof ut no ans condnu nue eq
kno ed tor e.on A rheu rob oem of rdn a gepp vp

ro anev erclx sesanS d SOo VCs fi thed remeopro pec
renIo earn ffeddnderstan n o thfavet{ eed uoL 2C eoryp

bf AS cn kn dc ohf oer rderouatr Sn o bygheq
o ntfundd amenta setsron lansk h o aneorh ryry

tod tothese ScSrem re eatdan dardstan theoat ons pueq
on fanrder d ar ofo ured c o on ofA m het Sodvpp

ren lial()n n n dearot SO e earn andetersparam
o rder nearsoto hsn r e anduat o ghvspectieq

clfi entscoh stantn oeca uat onsrend eq
theo ofo ann Sd turmm oSC rynU rSde andLC 3o naryprel
muat Son oandd fferent adecon rdo ordS pansoneqnary

SITI fosoto robokn edA th Ssrem peoth gepp v
nSC a findor ED fors on second rdeohec toryc
ntran rmat offerPriiom zeron ans dcom ngapp v

ue b em ofsul'lt) vadrstan n o bfaH e d und4 prodaryLC o goo
teaonandon SO utlrhe c ASSndseco rdo

Course Leaming Outcomes
(CLOs)
After completing this course, the

leamer will be able to:

q/--

5t

DJ

I

Ihe objectives of this course are to study the existence anc

uniqueness theory of solutions of initial value problems, to stud)

lheory of homogeneous and non-homogeneous linear differentia

equations of higher order in detail, to leam about oscillations o

second order differential equations, and solving boundary valut

problems.

The aim ofthe course is to form a strong foundation in the theory o

ordinary differential equations enabling a learner to apply toward:

problem solving.
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the concept of Green's function.
boundary value problems which

Attain skills to solve
find great applications in

areas ofapplied mathematics, science and engineering.

Credits Theory Practical

4 0

Teaching Hours per week 4 0 4

Intemal Assessment Marks 30 0 30

End Term Exam Marks 70 0 70

Max. Marks 100 0 100

Examination Time 3 hours

Part B- Contents of the Course

I nstructions for Paper- Setter: The examiner will set 9 questions asking two quest ions from each

unit and one compulsory question by
compulsory question (Question No. 1

be required to attempt 5 questions

taking course leaming outcomes (CLOs) into consideration. The

) willlonsist 7 parts covering entire syllabus. The examinee will
, selecting one question from each unit and the compulsory

question. All questions will carry equal marks.

Unit Topics Contact Hours
I Existence and Uniqueness of Solutions:

Existence of solutions; Initial value problem, e-approximate solution']

Equicontinuous set of functions, Ascoli Iemma, Cauchy-Peano existence

theorem and its corollary

Uniqueness of solutions; Lipschitz condition, Gronwall's inequality,

Inequality involving approximate solutions, Method of successive

approximations, Picard-Lindeldf theorem.

Continuation of solutions,

theorem.

Maximal interval of existence, Extension

15

II [heory of linear differential equations: Linear Differentia lEquation

kflE) of order n, Basic theory of homogeneous linear equation,

fWronskian theory: Definition, necessary and sufficient condition for

linear dependence and linear independence of solutions of homogeneous

[-DE, abel's Identity, Fundamental sets, More Wronskian theory,

lReduction of order.

Non-homogeneous linear differential equation of order n: Variation oI
parameters.

Adjoint equations, Lagrange's Identity, Green's formula, Self adjoin!
equation of second order.

Linear differential equation of order n with constant coefficients

l5

A-----+ rlHt.

5L

Total

--4 

)
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Characteristic roots, Fundamental set.

(Relevant Dortions from the books 'Theorv ofOrdinarv Differential
Equationsr by Coddington and Levinson dnd the book"' Differential
Equations' by S.L. Ross)

t-Tv--

III inear second order equations: Preliminaries, Superposition principle

iccati's equation, Priiffer transformation

illations of second order differential equations: Zero of a solution

scillatory and non-oscillatory equations, Abel's formula, Commo

s of solutions and their linear dependence, Sturm separatio

eorem, Sturm fundamental comparison theorem and its corollaries

lementary linear oscillations, Comparison theorem of Hille-Wintner

evant portions from the book'Differential Equations' by S.L. Ross
the book 'Textbook of Ordinary Differential Equations' by Deo et

nd order boundary value problems (BVP): Linear problems

iodic boundary conditions, regular linear BVP, singular linear BVP

turm-Liouville BVP; Definition, Characteristic values

aracteristic functions. Orthogonality of characteristic functions

's functions: Definition and Properties. Applications of boun

evant portions from the book'Differential Equations' by S.L. Ross
the bobk'Textbook of Ordinary Differential Equations'by Deo et

a

scillations of x// + a(Ox : 0.

Rel

-linear BVP,

ue problems. Picard's theorem.

Rel

ota ontact ou

Suspested Evaluation Methods
End Term Examination: 70Internal Assessment: 30

7030 ) Theory:) Theory
5. Class Participation:
l0o Seminar/pre sentation/assi gnmenrq uiz]class test etc.

l5

Written Examination

o Mid-Term Exam:
Part C-Learnin Resources

Earl A. Coddington and Norman Levinson, Theory of Ordinory Differential Eqtmtions ' 
McGra

2

3 Ordina

Hill Education ,
Sheply L. Ross,

S.C. Deo, V. Ra

itre
t?

02 7
rd 70t o 20Edw 3 n,F uat NSoD nre I 0 eyq

.x boo okkan hamakshmLSMRa ta rKaend IN,

Recommended Books/e-resources/LMS:
mmended Text Booksl

\-,-'1

53

60

[+.
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D iffe re n t i al Equat i ons, Tata Mccraw-Hi I l, 2006.

erence books;

4.
5.

6.

7.

8.

P. Hartman, Ordinary Diferential Equations, John Wiley & Sons NY, 1971.

G. Birkhoff and G.C. Rota, Ordinary Dffirential Equations, John Wiley & Sons, 1978'

G.F. Simmons, D ifferential Equatrons, Tata McGraw-Hill , 1993.

I.G. Petrovski, Ordinary Dffirential Equations, Prentice-Hall, 1966.

D. Somasundaram D ntial ns, A / Coarse, Narosa Pub. 2001.

r, lfi
f.:

glr-^)
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CC-4 MECHANICS OF SOLIDS

With effect from the Session: 2024-25

Part A - Introduction
Name of
Programme

M.Sc. Mathematics

Semester I

Name of the Course Mechanics of Solids
Course Code M24-MAT-104

Course Type CC.T

Level ofthe course 400-499

Pre-requisite for
the course
(if any)

Courses having contents ofVector Calculus and Differential
Equations up to the level299

Course Objectives ln this iourse, basic theory of mechanics of solids is introduced. First,

the laws of hansformations and tensors will be introduced.

Mathematical theory ofdeformations, analysis ofstrain and anallsis o{

stress in elastic solids will be leamt next. A student will also learn]

basic equations of elasticity and variational methods. In this courseJ

the students will be exposed to the mathematical theory of elasticity

and other techniques which find applications in areas of civil,
structural, and mechanical engineering, Earth Sciences and Material

sciences. This course in Applied Mathematics will provide a sound

base and open gates for doing research in the number of areas

involving solid mechanics.

Course Leaming
Outcomes (CLOs)
After completing this

course, the learner

will be able to:

CLO l: Understand the concepts oftensors as a generalized form of
directional entities and to know their properties through the

operations of algebra and calculus.

CLO 2: Understand affine transformation and infinitesimal

deformation analysis of strain and stress tensors. Have a

strong foundation to leam theory of elasticity to solve

scientific problems.

CLO 3: Relate strain tensor and stress tensor through anisotropic

elastic moduli, subjected to reflectior/rotational symmetries to

define elastic isotropy, and using theorems/ principles to

explore the role ofthese relations in sEain energy,

compatibility conditions and uniqueness of solution.

\-,,'

tt
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LO 4: Learn variational methods to so

in elasticity. Learn to prove standard theorems related to

theory ofvariational problems and to apply these

techniques/methods by minimizing the potential / strain /

complementary energies to solve scientific problems in

mechanics ofsolids and get exposed to research problems in

the field ofelasticity. Also to understand phenomenon of
wave propagation in infinite elastic medium.

lve boundary value problems

TotalPractical'I heo
404

Credits

404Teaching Hours per
week

30030Intemal Assessment
Marks

70070End Term Exam
Marks

1000100
3 hoursExamination Time

Part B- Contents ofthe Course
tifo

taki
iderat

estu o SnwotaskS nset 9 u S on qh'fr- rSette qPr
^

nstrun ct
LC Son out mo Sn uco ers earnu l1o ( )m u SO esttt dan eon omro chea un byry qp

c l.lvennco S tS o7o Nn osteestiu no partsoc m u SO )Quno 1'h (ont nco S p ry q
nc onestiu no S es5attemtoredubeamex ee1n qpthTbuS reqaStrren v

ua arm kssCS onuS nouSOITIol1u t dan eth Cfron eachmSe o
Contact
Hours

Unit Topics

ensor Algebra: Coordinate-transformat

roperties of tensors. Isotropic tensors of different orders an

lation between them. Symmetric and skew symmetric tensors

ensor invariants. Deviatoric tensors. Eigen-values and eigen

Analysis: Scalar, vector, tensor functions, Comm

ent, divergence and curl of a vector / tensor field.

elevant portions of Chapters 2 and 3 of book by D.S

handrasekharaiah and L. Debnath)

ion, Cartesian Tensors o

ifferent order

tors ofa tensor.

ensor

otation

nalysis of Strain: Affine transformation, Infinitesimal affin
eformation. Strain tensor, Geometrical Interpretation of strai

l+* ltd

J6

/*
L--

Max. Marks

examlner

l5I

t7
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onents. Strain quadric of Cauchy. Principal strains

variants, General infinitesimal deformation. Examples of strain

levant portions of Chapter I ofthe book by I.S. Sokolnikoff).

alysis of Stress: Stress Vector, Stress tensor, Equations o

uilibrium, Transformation of coordinates. Stress quadric o

auchy, Principal stresses. Maximum normal and shear stresses

elevant portions of Chapter 2 ofthe book by I.S. Sokolnikoft).

uations of compatibility.

ohr's circles. Examples of stress.

uations of Etasticity: Generalised Hooke's Law, Anisotropi

metries, Homogeneous Isotropic media. Elasticity moduli

pic media. Equilibrium and dynamic equations for
sotropic elastic solid. Strain energy function and its connectio

Itrami-Michell compatibility equations. Uniqueness

lution. Clapeyron's theorem. Saint-Venant's principle.

elevant portions ofChapter 3 ofbook by I.S. Sokolnikoff)'

o

th Hooke's Law.

ariational Methods: Variational problems and Euler'

uations, Theorem of minimum potential energy. Theorem o

inimum complementary energy. Reciprocal theorem of Betti

d Rayleigh. Ritz method: one and two dimensional cases

lerkin method. Method of Kantorovich.

ave propagation in infinite regions. Surface waves

Relevant portions of Chapters 6 and 7 of the book by I'S
kolnikoffl).

ota ntact ou

Su ested Evaluation Methods
End Term Examination: 70tnternal Assessment: 30

7030
5o Class Partici lon:
l0. Seminar/presentation/assi gnmenl/qu

test etc.:

i/class

t5

Written Examination

o Mid-Term Exam:

li- 5

5r

) Theorv L Theory:

f W



Part C-Learni Resources

1. l.S. Sokolnikoff, Mathematical Theory of Elasticity, Tata-McGraw Hill Publishin

Company Ltd., New Delhi, 1977.

. D.S. 
'Chandrasekharaiah 

and Lokenath Debnath, continuum Mechanics, Academi

Press, 2014.
rence books;

l. A.E.H. Love, A Treatise on the Mathematical Theory of Elasticity, Cambrid

University Press, 201 3.

Y.C. Fung. Foundations of Solid Mechanics, Prentice Hall, New Delhi, 1965'

Shanti Narayan, Text Book olCartesian Tensor, S. Chand & Co., 1950'

S. Timeshenko and N. Goodier. Theory of Elasticity, McGraw Hill, New York, 1970'

I.H. Shames, Introduction to Solid Mechanics, Prentice Hatl, New Delhi, 1975'

Robert J. Asaro and vlado A. Lubardq Mechanics of Solids and Materials, cambrid

University Press, 2006.

7. Lallit Anand and Sanjay Govindjee, Continuum Mechanics of Solids, Oxford

University Press 2020.

8. L S. Srinath, Advanced Mechanics of Solids, McGraw Hill, 2008'

2
J
4
5

6

2

Recommended Booksie- resources/LMS:
mended Text Books;

l5

s8

lh
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CC.5 ABSTRACT ALGEBRA
With effect from the Session: 2024-25

Part A - Introduction
Name of Programme M.Sc. Mathematics

Semester I

Name of the Course ABSTRACT ALGEBRA

Course Code M24-MAT-105

Course Type CC.S

Level of the course 400-499

Pre-requisite for the course
(ifany)

Courses on Algebra up to the level 299.

Course Objectives The concept of a group is surely one of the central ideas of
Mathematics. The main aim of this course is to introduce Sylow

rheory and some of its applications to groups of smaller orders. An

attempt has been made in this course to strike a balance between the

different branches ofgroup theory, abelian groups, nilpotent gloups,

finite groups, infinite groups and to stress the utility of the subject.

A study of modules, submodules, quotient modules, finitely
generated modules etc. is promised in this course. Similar linear

transformations, Nilpotent transformations and related topics are

also included in the course.

Course Learning Outcomes
(CLOs)
After completing this course, the

learner will be able to:

CLO l: Understand concepts of normal subgroup, quotient
isomorphism, automorphism, conjugacy, G-sets, normal
composition series, solvable gIoup, nilpotent group and refi
theorem.

gro.upl
SCNCS,

nemen!

CLO 2: Learn about cyclic decomposition, altemating group A" ,

simplicity of A" for n>5, Sylow's theorem and its applications.

pLO 3: Understand concepts of modules, submodules, direct sum'

[.-homomorphism, quotient module, completely reducible modules,

free modules, representation of linear mappings and their ranks.

CLO 4: Learn about similar linear transformation, triangular form,

nilpotent transformation, primary decomposition theorem, Jordan

form, rational canonical form and elementary divisors,

Credits Theorv Practical Total

,+ r.,(

I

S1

I

X- \,/
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4 0 4

Teaching Hours per week 4 0 4

Intemal Assessment Marks 30 0

End Term Exam Marks 70 0 70
Max. Marks 100 0 100
Examination Time 3 hours

Part B- Contents of the Course
Instructions for Paper- Setter: The examiner will set 9 questions asking two questions from each
unit and one compulsory question by taking course learning outcomes (CLOs) into consideration. The
compulsory question (Question No. 1) will consist of 7 parts covering entire syllabus. The examinee
will be required to attempt 5 questions, selecting one question from each unit and the compulsory
question. All questions will carry equal marks.
Unit Topics Contact Hours

I Normal subgroup, quotient gtoup, normalizer and centralizer of a non-

empty subset of a group G, commutator subgroups of a group. first,

second and third isomorphism theorems, correspondence theorem,

Aut(G), Inn(G), automorphism group of a cyclic group, G-sets, orbit ol
an element in group G, Cayley's theorem. conjugate elements and

conjugacy classes, class equation ofa finite group G and its applications,

Bumside theorem. normal series, composition series, Jordan Holder

theorem, Zassenhaus lemma, Scheier's refinement theorem, solvable
group, nilpotent group.

(Chapter 5 and 6 of recommended book at Sr. No. l, Chapter 5 o{

recommended book at Sr. No. 2)

15

II Cyclic decomposition, even and odd permutation, Alternation group An,

simplicity of the Alternating group A, (n:5). Cauchy's theorem, Sylow's
first, second and third theorems and its applications to group of smaller

orders. groups oforder p2 and pq (q>p).

(Chapter 7, 8.4 and 8.5 of recommended book at Sr. No l)

t5

III Modules, submodules, direct sums, tinitely generated modules, cyclic
module. R-homomorphism, quotient module, completely reducible
modules, Schur's lemma, free modules, representation of linear mapping.
rank of linear mapping.
(Chapter 14 of recommended book at Sr. No l)

l5

IV Similar linear transformation, invariant subspaces of vector spaces,

reduction of a linear transformation to triangular form, nilpotent

transformation, index of nilpotency ofa nilpotent transformation. Cyclic
subspace with respect to a nilpotent transformations, uniqueness of the

invariants of a nilpotent transformation. Primary decomposition theorem.

Jordan blocks, Jordan canonical forms, cyclic module relative to a linear

15
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ation, rational canonical form of a linear trans

ementary divisors, uniqueness of elementary divisors.

6.4. to 6.7 of recommended book of Sr. No' 3).

formation and it

ota

S Evaluation Methods
End Term Examination: 70Internal Assessment: 30

7030 ! TheoF Theory
5o Class Participation:
10. Seminar sentation/assi gnment/q uizlclass test etc.:

Written Ilxamination

t5o Mid-Term Exam:
Part C-Learni Resources

1 P. B. Bhattacharya, S. K. Jain, S. R. Nagpaul, Basic Abstract Atgebra (Second edition), cambrid

2. Surjit Singh and Quazi Zameeruddin : Modern Algebra ,vikas Publishing House, 2021.

3 I. N. Herstein, Topics in Algebra, Wiley Eastem Ltd., New Delhi, 1975'

niversity Press, 2012.

Recommended Books/e-resources/LMS:
mended Text Books;

lr
V
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PC.1 PRACTICAL-1
ston:th emtrotec

- Inart u no

M.Sc. MathematicsName of the Programme

ISemester

Practica[- lName of the Course

M24-MAT-106Course Co

PC.'-Course Type

400-499

Fre-requisite for the course
if

This is a laboratory
acquaint the students
language for proble
techniques based on p

course and objective of this course is to
with the coding skills in C programming

m solving. Also, some problem solving
apers M24-MAT-I0l to M24-MAT-105 wilt

be taught

Course objectives

l: Solve practical problems related to

undertaken in the Semester-l from application point of view'

CLO 2: Know syntax of expressions, statements, structures and to

write source code for a program in C.

CLO 3: Edit, compile and execute source progmms for desired

results.
pLO 4: Debug, verify/check and to obtain output ofresults.

CLO theory coursesCourse Leaming Outcomes
(cLo)
After completing this course, the

leamer will be able to:

TotalPracticalTheory
440

Credits

880Teaching Hours per week
30300Internal Assessment Marks

70 700End Term Exam Marks
1001000Max. Marks

0 4 hoursExamination Time
Part B- Contents of the Course

Contact HoursPracticals
t20

questions
leaming o
solve one

iaalPract
examlner

6t-

Level of the course

W &L L_--..-
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Part-A

roblems based on the theory courses M24-MAT-101 to M24-MAT-105 will
lved in this part and their record will be maintained in the Practical Note Book
irect results and theorems will not be asked rather exercises or numerica

blems or applied problems based on the theory parts will be done, as identifi
given by the teacher concerned.

(lab hours
include

instructions for
writing programs

in C and
demonstration bv
a teacher and foi
run the programs
on computer by

students.)

Part-B

following practicals will be done using the programming language C an

ord of those will be maintained in the practical Note Book:

l. Use of nested if.. .else in finding the smallest of four or more numbers.
2. To find ifa given 4-digit year is a leap year or not.
3. To compute AM. GM and HM of three given real values.
4. To invert the order ofdigits in a given positive integral value.
5. Use series sum to compute sin(x) and cos(x) for given angle x in degrees.

Then, check error in verifying sin2x+cos2(x) = I or other such T-identities.
6. Verify In' : {Ir}', (where n=I, 2,..., m) & check that prefi x and postfix

increment operator gives the same result.
7. Compute simple interest and compound interest for a given amount, time

period, rate of interest and period ofcompounding.
8. Program to multiply two given matrices in a user defined function.
9. Calculate standard deviation for a set ofvalues {xC),j :1,2,..., n} having

the conesponding frequencies {(i), j : 1,2,...,n}.
10. Write the user-defined function to compute GCD of two given values and

use it to compute the LCM ofthree given integer values.

I I . Compute GCD of 2 positive integer values using recursion / pointer to
pointer.

12. Check a given square matrix for its positive definite/ negative definite

forms.
13. To find the inverse ofa given non-singular square matrix'

14. To convert a decimal number to its binary representation and vice-versa'

15. To solve an algebraic or transcendental equation by Newton-Raphson and

Regula-Falsi methods.
16. To solve initial value problems by Runge-Kutta methods.

17. To solve a system of linear equations by Gauss-Seidel method'

18. To solve a definite integral using Simpson rules.

19. Use array ofpointers for alphabetic sorting ofgiven list ofEnglish words'

20. To search a number in an array by binary search method'

S ested Evaluation Methods

[]

I
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SEMINAR
_r<rome e onIt

M.Sc. MathematicsTtrame ofihe 

-rogramme ISemester

SeminarName of the Course

M24-MAT-107CoursereodE

SEMTourse TvDe
(cc/DEc/pc/sEr\4/c H M/oEC/EEC)
tevelofThe corlrse

he objectives ofthis course are self-learning,

nderstanding a topic in detail, exploring library

d e-resources, comprehension of the

bjecVtopic, investigating a problem, knowled

f ethics. effective communication and life-long

eaming.

CLO l: Identify an area of interest and to sel

a topic therefrom realizing ethical issue

related to one's work and unbiased truth

actions in all aspects of work and to devel

research aptitude.

CLO 2: Have deep knowledge and level o

understanding of a particular topic in core

applied areas of Mathematics, imbi

research orientation and attain capacity o

investigating a problem.

CLO 3: Obtain caPabilitY to read an

understand mathematical texts fro
books/joumals/e-contents, to
through write up/report and oral presentation

CLO 4: Demonstrate knowledge, capacity of
comprehension, precision, defence,

capability to work independentll' and

tendency towards life-long leaming'

communlc

e leamer will
tcomes
course,

rsu
cofter m et Sp

ab toe

lnarrts

ours per weeeac lng
ar

ssessmenttem

S ------t-l

v 5I

400-499

Course objectives
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erm
urlme

tner

Each student will select a topic ofone's choice, will get approval from the concemed

incharge, give sittings in library so as to read different books andjournals, and e-

, prepare a seminar document, present before the group and its teacher incharge for

e hour. The evaluation ofthe seminar will be done by the concerned teacher incharge by

Subject knowledge.
Degree of difficulty, research aptitude and knowledge updation in terms ofchoice ofthe

topic.
Contents ofthe seminar rePort.

Presentation, Communication and. Language skills
Response to questions.

S

I

11

ln
willTheref deccoun 1 o thect staffAS partment.e

ona voce xame

exammeesemlnar wluation o

into account the following:

ii i.
iv.

be no external

I$-
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CC.6 FIELD THEORY
With effect from the Session: 2024-25

Part A - Introduction
Name of Programme M.Sc. Mathematics

Semester II

Name of the Course FIELD THEORY

Course Code M24-MAT-201

Course Type CC.6

Level of the course 400-499

Courses on Algebra up to the level 299Pre-requisite for the course
(if any)

As suggested by the name ofthe course itself, some ofthe advanced

topics of abstract algebra will be taught to the students in this course

including field extensions, finite helds, normal extensions, finite

normal extensions and splitting fields. A study of Galois extensions,

Galois groups of polynomials, Galois radical extensions will also be

taught.

Course Objectives

Course Leaming Outcomes
(CLOs)
After completing this course, the

leamer will be able to:

CLO l: Understand concepts of irreducible polynomial, Eisenstein
criterion, field extension, algebraic and transcendental extension,
algebraically closed fi eld.
CLO 2: Have deep understanding of Splitting fields, normal

extension, multiple roots, prime field, finite field and separable

extension.

CLO 3: Learn about automorphism groups, fixed field, Dedekind

lemma, fundamental theorem of Galois theory, roots of unity,

Cyclotomic polynomial and cyclic extension.

CLO 4: Have deep understanding of polynomials solvable by

radicals. symmetric functions, ruler and compass construction.

Practical TotalTheory
0 44

4Teaching Hours per week 4 0

Internal Assessment Marks 30 0 30
End Term Exam Marks 70 0 70
Max. Marks 100 0 100
Examination Time 3 hours

e examiner will set 9- Setter: T uestions askin two uestions from each

L1

Part B- Contents ofthe Course

Credits

D"
$.-- 4
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tiecti

no ThSon d tieraSo ln ctoesm CLn o tcu oeurs earn )n co (on b takeu Sm so vneo ocn andt qrypu
am necba Su Thet snven encoartsS ot 7f vconsnlo oN pstue )u St noSO om (qrypu

t-r'l u SOth conu t and ryachemfro pn u Se ono enSCsonstue q5attemtodre lreueb qptq
ksmaraluSonueSton Aestu

Contact HoursTopicstlnit

tension, algebraic and transcendental extension, degree of extension

lgebraic closure and algebraically closed field'

F estcn nS E SCo n almobdrre u p v

fi
ontensxald oN rmtt fifoSIt'l l.loo extI e ngsp

fi dd n tef m fioZA ontlterC haracfi d pn

field, Dedekind lemma, Galois groups o

lein's four group, cyclic extension, Frobenius automorphism of a finit

lc td.

utomorphism grouP, fixed
orhIo alG o stheorem rytaenfundamOntenso SalGm alno s,v
a smnootom cCunf toroots po vfo a vth rem veoenndam ta bra,ge

radiials over Q. Symmetric functions an

lementary symmetric functions. Construction with ruler and com

nly.

Solvability of PolYnomials by

Contact ours

ested Evaluation MethSu ods
End Term Examination: 70Internal Assessment: 30

7030F Theory
5o Class Partici lon:
l0ment/q uilclass test etc.:inarl ISa ttat ASon/Sem presen
l5

Written Examination

oMid-Term Exam:
ResourcesPart C-Learnin

. P.B. Bhattacharya, S.K. Jain and S.R. Nagpaul, Basic Abstract Algebra (2nd Edition), cambridge

niversity Press, Indian Edition, 2012.

Reference Books :

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

2. Surjit Singh and Quazi Zameeruddin, Modem Algebra, Vikas Publishing House,2021'

3. Patrick Morandi, Field and Galois Theory, Springer 1996.

Recommended Books/e-resources/L MS:

Recommended Text Books;

g\"--')
V
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.tk l----

l5criterion, Gauss lemma.

l5
Splitting field, degree

multiple roots, Prime
separable extension.

il

15llt

) Theory:

fre



26

CC.7 MEASURE AND INTEGRATION
With effect from the Session: 2021-25

Part A - Introduction
Name of Progmmme M.Sc. Mathematics

Semester II

Name of the Course MEASURE AND INTEGRA'| ION

Course Code M24-MAT-202

Course Type CC.7

Level ofthe course 400-499

Pre-requisite for the course
(if any)

Courses on Real Analysis up to the 299 level

Course Objectives e main objective is to familiarize the leamer with Lebesgue

sure, measurable sets, measurable functions, Lebesgu

ntegration, fundamental integral convergence theorems, functio

f bounded variation, differentiation of an integral, absolutel

tinuous functions and Lp-spaces.

Course Learning Outcomes
(CLOs)
After completing this course, the

leamer will be able to:

LO l: Understand the concepts of measurable sets and Lebes

easure; construct a non-measurable set; apply the knowledge

lve relevant exercises.

LO 2: Know about Lebesgue measurable functions and thei

rties; and apply the knowledge to prove Egoroffs theorem

usin's theorem and F.Riesz theorem.

LO 3: Understand the requirement and the concept of th
ebesgue integral (as a generalization of the Riemann integration

long its properties and demonstrate understanding ofthe statemen

d proofs ofthe fundamental integnl convergence theorems'

LO 4: Know about the concepts of differentiation of monotoni

ction, functions of bounded variations, differentiation of

ntegral, absolutely continuous functions; apply the knowledge

ve specified theorems and study Lp-spaces.

Theory Practical Total
Credits

4 0 4

feactring Hours per week 4 0 4

Intemal Assessment Marks 30 0 30

i. &rf
L

61

L
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70070End Term Exam Marks
1000100Max. Marks

Part B- Contents ofthe Course
Examination Tlme 3 hours

kintifo
ti

uestt

eacm hestiu no SS two9 u S onn er seteTh xam qr- eSett r qPr aucttr nslo
era on Thn conto deSIco CSm C LOsarn n oun course )on b tak (Stuecomne SOn ant o vd qtypu

xam neeba us Therve n nt re7 coC no S S syon oNn ue s ) partsStue oSOom (aqrypu
m ucothdannLI tach soryfromeu S on ponnSE ectNSo5 qttea mtou red qptreq

ual arksmcarrCSu ontl SAu st on
Contact HoursTopicsUnit

t5
besgue outer measure, elementary propert

easurable sets and their properties, Lebesgue measure of sets of rea

umbers, algebra of measurable sets, Borel sets and their measurability

cterization of measurable sets in terms of open, closed, Fo and G

ets, existence ofa non-measurable set'

ies of outer measure

here concept, characteristic functions, simple

pproximation of measurable functions by sequences

ions, Borel measurability of a function.

ittlewood's three principles, measurable functions as nearly continuo

ctions. Lusin's theorem, almost uniform convergence, Egorofl

eorem, convergence in measure, F.Riesz theorem that every sequen

hich is convergent in measure has an almost everywhere convergen

besgue measurable functions and their properties,

ubsequence.

the almos

functions

of simpl

e Lebesgue Integral: Shortcomings o

ntegral of a bounded function over a set of finite measure and i

roperties, Lebsegue integral as a generalization ofthe Riemann integral

unded convergence theorem, Lebesgue theorem regarding points o

iscontinuities of Riemann integable functions.

tegral of a non-negative function, Fatou's

vergence theorem, integration of series, the

nte$al, Lebesgue convergence theorem'

f Riemann integral, Lebesgu

Monoton
Lebes

lemma,

general

iiferentiation and Integration: Differen

covering lemma, the four Dini derivatives, Lebesg

fferentiation theorem, functions of bounded variation and the

presentation as difference of monotone functions

ifferentiation of an integral, absolutely continuous functions a

tiation of monotone functions

nd the

itali's

o

I
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es, convex functions, Jensen's inequality. Lp-spaces.

Total Contact Hours 60
Suqqested Evaluation Methods

I nternal Assessment: 30 End Term Examination: 70

) Theorv 30 ) Theorv: 70
o Class Participation: 5 Written Examination
o Seminar/presentation/assignment/quizJclass test etc. : l0
o Mid-Term Exam: 15

Part C-Learning Resources
Recommended BookVe.resources/LMS:
Recommended Text Books;

L H.L. Royden, Real Analysis (3rd Edition) Prentice-Hall oflndia, 2008.

Reference Books:

l. 1. G.de Bana, Measure theory and integration, New Age Intemational, 2014.

2. P.R. Halmos, Measure Theory, Van Nostrans, Princeton, 1950.

3. I.P. Natanson, Theory of functions of a real variable, Vol. I, Frederick Ungar Publishing

Co., 1961.

4. R.G. Bartle, The elements of integration, John Wiley & Sons, Inc.New York, 1966.

5. K.R. Parthsarthy, Introduction to Probability and measure, Macmillan Company of India Ltd.,Delhi,

t977.

6. P.K. Jain and V.P. Gupta, Lebesgue measure and integation, New Age Intemational (P) Ltd.,

Publishers, New Delhi, 1986.

9-- )
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CC-8 TOPOLOGY

fro 01 1)4-loess ntm eh Sth ffectcw
Part A - Introduction

M.Sc. Mathematics
Name of Programme

I
Semester

TOPOLOGY
Name of the Course

Course Code

CC. '
400-499Level of the course

Courses on Real AnalYs is up to the 299 level
Pre-requisite for the course
if -main objective of this course is to

f connectedness of topological spaces'

introduce basic concePts o

fo

aratl

ts arb bassudano otosetlno t vp
ducrosedcd oo an s, pmapon.t h SMSeohom pent un tonctud rpvv

ootnandSaxn omoetlen todn u S,o ogl seppoq

eourse Objectives

pply the knowledge to solve relevant exercises'

LO 2: Leam alternate methods of defining a topology usin

ountable spaces, separable and Lindelof spaces, continuo

nctions and their characterizationss.

Know about the Tychonoff product topology and i

haracterization as the smallest topology such that the projectio

connectedness and its relation with continuity'

Have understanding of the separation axioms and the

derstand neighbourhoLO 1: Know about toPological spaces, un

perti unbo daryEStsdanntfo a protem poys
CSalc Sf to ob base oudan pacSbase poandtm t

Ssetsedocoreratn r o ortcst mdoo S purhbooS nf ero vghpert
nosecandfirstutboaokndano fae oro ureSo kS curat p

fs

stratondemo andtoentotuthutboa po gvk own qertl Srop
eoremd n thEf bem do otSn andm pron

aps are continuous;

LO4

LO3

derstanding of the stat

d Urysohn's Lemma.

Course Leaming Outcomes
(CLOs)
After completing this course. the

learner will be able to:

TotalPracticalTheoryCredits

,l

t/

-72_

M24-MAT-203

Course TYPe

basis Further.topology.

introduce the

interior, closure,

points of subsets,

*-_--_--^ &e -l---""'
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4 0 4

Teaching Hours per week 4 0 4

End Term Exam Marks 70 0 70
Max. Marks 100 0 100
Examination Time 3 hours

Instructions for Paoer- Setter: The examiner will set 9 questions asking two questions lrom each
unit and one compulsory question by taking course leaming outcomes (CLOs) into consideration. The
compulsory question (Question No. l) witl consist 7 parts covering entire syllabus. The examinee will
be required to attempt 5 questions, selecting one question from each unit and the compulsory
question. All questions will carry equal marks.
Unit Topics Contact Hours

I Definition and examples of topological spaces, neighbourhoods.]

neighbourhood system of a point and its properties, interior point and

interior of a set, interior as an operator and its properties, definition of a
closed set as complement of an open set, limit point (accumulation point)

of a set, derived set of a set, adherent point (closure point) of a set,

closure of a set, closure as an operator and its properties, dense sets and

separable spaces.

Base for a topology and its characterization, base for neighbourhood

system, sub-base for a topology. Relative (induced) topology and

subspace of a topological space.

l5

II Altemate methods of defining a topology using properties of

neighbourhood system, interior operator, closed sets, Kuratowski closure

operator. comparison oftopologies on a set, about intersection and union

of topologies, the collection of all topologies on a set as a complete

lattice.

First countable, second countable, their relationships and hereditary
property. countability of a collection of disjoint open sets in a separable

and a second countable space, Lindelof theorem. Definition, examples

fnd characterizations of continuous functions, composition of continuous

lfunctions. open and closed functions. homeomorphism.

l5

III Tychonoff product topology, projection maps, their continuity and

openness, Characterization of product topology as the smallest topology

such that the projections are continuous, continuity of a function from a

space into a product of spaces.

l5

9,--_---4

4/

13

Part B- Contents ofthe Course

W
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Connectedness and its characterization, Connected subsets and their

properties, Continuity and connectedness, Components, Locally

connected spaces.

tv Tg, T1, T2 spaces, productive property ofTl and T2 spaces. Regular and

T3 separation axioms, their characterization and basic properties i.e.

hereditary and productive properties. quotient topology w.r.t. a map,

continuity of function with domain a space having quotient topology,

about Hausdorffness of quotient space.

Comoletelv resular and Tychonoff(Tr 172), spaces, their hereditary and
prodictive pro-perties. Embedding lemma, Embedding theorem. normal
ind T4 spaCes, Urysohn's Lemma, complete regularity of a regular
normal space, Tietze's extension theorem (statement only).

(Scope ofthe course is as in relevant portions in the book'General

Topology' by J.L.Kelley).

l5

ota on tact ou 60
Sussested Evaluation Methods

End Term Examination: 70

F Theory 30 F Theorv: 70

o Class Participation: 5 Written Examination
o Seminar/presentation/assignment/quilclass test etc l0
o Mid-Term Exam: l5

Part C-Learning Resources
Recommended Books/e-resources/LMS:

Recommended Text Books;

1. J.L. Kelley: General Topology, Springer Verlag, New York, 2012.

Reference Books:
1. J. R. Munkes, Toplogy, Pearson Education Asia,2002.

2. C.W. Patty, Foundation ofTopology, Jones & Bertlett, 2009.

3. Fred H. Croom, Principles ofTopology, Cengage Leaming, 2009.

4. George F. Simmons, Introduction to Topology and Modem Analysis, McGraw-Hill Book Company,

1983.

5. K. Chandrasekhara Rao, Topology, Narosa Publishing House Delhi,2009'

6. K.D. Joshi, Introduction to Ceneral Topology, Wiley Eastern Ltd, 2006.

7. Khalil Ahmad, Introduction to Topology, Narosa Publishing House,20l9.

r. ltxr\,

aq

Internal Assessment: 30

W-l
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CC-g ADVANCED DIFFERENTIAL EQUATIONS

With effect from the Session: 2024-25

Part A - Introduction
Name of Programme M.Sc. Mathematics

Semester II

Name of the Course Advanced Differential Equations

Course Code M24-MAT-204

Course Type cc-q

Level of the course 400-499

Pre-requisite for the course
(if any)

Courses on Differential Equation and Real Analysis up to the 299
level

Course Objectives The objectives of this course are to study the theory of system of
linear and nonJinear, homogeneous and non-homogeneous

differential equations with constant and/or variable coefficients, to

understand the dependence of solution on initial parameters, and to

understand the critical points of linear and nonJinear system oI
differential equations and to determine types and stability of those

pritical points and systems' solutions.

['his course is an advance course on system of differential equations

[o give a strong foundation for doing research in the areas ol
differential equations and dynamical system.

Course Leaming Outcomes
(CLOs)
After completing this course, the

leamer will be able to:

LO I : Leam about system of linear differential equations of first
order and its preliminary concepts, homogeneous and non-
homogeneous linear systems, existence and uniqueness
theory, fundamental matrix, theory of adjoint systems, linear
systems with constant coefficients and with periodic
coefficients. Attain the skill to obtain fundamental matrix of
such a given linear system to demonstrate problem solving.

LO 2: Understand system of dillerential equations and its
existence theory, dependence ofsolution ofan IVP on initial
parameters, extremal solutions, upper and lower solutions so
as to be able to develop research aptitude in this area.

LO 3: Know critical points oflinear and non-linear system of
differential equations, their types and stability. Understand
concepts ofpotential energy function, limit cycles, semi
orbit and limit sets. Apply the gained knowledge to
determine type and stabitity ofcritical points and check for
existence of limit c cles of lven s stems. Have a

L L-,/'

1<
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dynamical systems where mathematics and space science

connect to each other.
CLO 4: Understand stability oflinear, quasi-linear and nonlinear

systems. Leam to apply Lyapunov direct method to
determine stability of such systems for investigating and
solving problems.

foundati on to understand area of non-linear analysis of

TotalPracticalTheory
40+

Credits

404Teaching Hours per week
0 3030Intemal Assessment Marks

70070End Term Exam Marks
0 100100Max. Marks

3 hoursExamination Time
Part B- Contents ofthe Course

ual marks.uestion. All uestions will

g two questions from eachnfo 9 u S ontr ASsTh xam ner setrns Pr a r-sn rt q

mpu
attemp

toln cons oderati n Theearn n uo mtco s C SLOon b takin ursecocome u uestn and on ( )gp sory q v
t S USlab Th exam n enS St 7 oc flnve en recoestu o Nn oSO estu o I'I vo ) parts(aqrv

m heac un dan eth co u SOfroonuestno ec nselu tlS on5t mp rytolreu drc qS,qeq

Contact HoursUnit Topics
l5I of linear differential equations: Preliminary definitions and

notations. Linear homogeneous systems; Definition, Existence and

uniqueness theorem, Fundamental matrix, Liouville formula, Adjoint

systems, Reduction ofthe order ofa homogeneous system.

Non-homogeneous linear systems; Variation of constants formula.

Linear systems with constant coefficients.

Linear systems with periodic coefficients, Floquet theory.

(Relevant portions from the book 'Theory of Ordinary Differential

Equations' by Coddington and Levinson)

System

II System of differential equations; Preliminary concepts, Differential

equation of order n and its equivalent system of differential equations,

Existence and uniqueness of solutions of system of differential

equations.

Dependence of solutions on initial conditions and parameters:

Preliminaries, continuity and differentiability of solution of a system ol
differential equations as a function of initia[ parameters.

(Relevant portions from the book 'Theory of Ordinary Differential

l5

)(
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,, &rr

ations' by Coddington and Levinson)

xtremal solutions: Maximal and Minimal solutions

pper and Lower solutions, Comparison theorems, Existence via

levant po(ions from the book 'Textbook of Ordinary Differen

d lower solutions.

uations' by Deo et al.)

t5Autonomous systems; Phase plane, Paths and C

critical points; Node, Center, Saddle point, Sp

critical points. Critical points and paths of
theorems and their applications.

Critical points and paths of non-linear systems; Basic theorems and their]

applications. Non-linear conservative systems, Potential energy function,]

pependence on a parameter.

[-imit Cycles and periodic solutions, Benedixson's non-existence

briterion, Half-path, Limit set.

elevant portions from the book 'Differential Equations' by S.L' Ross)

ritical points, Types o(
iral point, StaUitity o{
linear systems; Basil

u

tability of linear and non-linear systems: System of equations w

t coefficients, linear equation with constant coefficients

yapunov Stability: Stability of solution of a differential system, Positi

nite and semidefinite functions, Negative definite and semidefini

yapunov function, Lyapunov's theorems on stability

itity of quasi-linear systems. Boundedness of solutions of a

levant portions from the book 'Textbook of Ordinary Differentia

ct Hou

S ested Evaluation Methods
End Term Examination: 70Internal Assessment: 30

nctions, Decrescent function,

er differential equations

uations' by Deo et al.)

7030 ) Theorv:) Theory
5o Class Participation: Written Examination

t0o Seminar/p resentation/assignment/qu izlclass test etc. :

1'1

l5

60

t I---------------- ,
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V

15o Mid-Term Exam:
Part C-Learnin Resources

L Earl A. Coddington and Norman Levinson, Theory of Ordinary Differentiol Equations'McGra

Hill Education , 2017.

2. Sh"pt L. Ross, Diferential Equations, wiley, 3d Edition' 2007'

J. a.G: D"", V. Raghavendra, Rasmita Kar, V' Lakshmikantham' Textbook of Ordinary

Dffirential Equations, Tata Mccraw-Hill , 2006'

4. P. Hartman, Ordinary Dffirential Equations, John Wiley & Sons NY' I 971 '

5. G. Birkhoff and G.C. Rota, Ordinary Dffirential Equations'John Wiley & Sons' 1978'

6. G.F. Simmon s, Dffirential Equotions,TataMcGraw-Hill ' 1993'

i. r.C. p"t ortt i,'Oiiinary Difirential Equations, Prentice-Hall' 1966'

8. D. Somasund aram, Ordinary Dffirential Equations' A first Course' Narosa Pub'' 2001'

g. Mohan c Joshi, ordinary Differential iquations, Modem Perspecliye, Narosa Publishin

Hou 2006

erence books;

Recommended Boo ks/e-resources/LMS:
mmended Text Books;

18

Dl L_---.-
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With effect from the Session: 2024-25

Part A - Introduction
Name of Programme M.Sc. Mathematics

Semester II

Name of the Course Computer Programming With MATLAB

Course Code M24-MAT-205

Course Type CC-1O

Level ofthe course 400-499

Pre-requisite for the course
(if any)
Course Objectives This course is designed for the students to leam the computer

programming. The objective of this course is to develop a skill oI
writing codes in MATLAB or equivalent Open Source software
and using builtin tools for solving different types of mathematical
problems which arise in the areas of
Mathematical/Physical/Life/Social Sciences and Engineering.

Course Learning Outcomes
(CLos)
After completing this course, the

leamer will be able to:

CLO l: Get familiar with the importance and rvorking of MATLAB
as computation platform through the knowledge of characters,
variables, operators, functions and expressions as used for
elementary operations in matrix algebra along with the editing,
load/save data and compilation/execution/quitting of source
programs.

CLO 2: Leam the process of writing a source progr,rm in MATLAB
as a programming language making use of the statements for
input/output, conditional/non-sequential processing involving
functions, arrays and structures.

CLO 3: Leam the plotting ofthe curves and surfaces, which can be

edited, modified. accumulated, handled, printed, exported.

CLO 4: Write source programs with objects, variables, expressions,

[bstract functions, math functions in symbolic form and their
bubsequent use for the operations/ concepts/ problems in calculus,

inear algebra and differential equations.

Credits Theory Practical Total

4 0 4

Hours per weekTeaching 4 0 4

,i & L-?

V -11

&P

CC-10 COMPUTER PROGRAMMINC WITH MATLAB

g--------.-
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30030arksMtenIa SA essmSnternI 70070ksMarerm ExamTnE d 1000t00Max. Marks
3 hoursnation TimeExaml

Part B- Contents ofthe Course
kintifoctio id

tl

mfro eachestlu no St oo Sn as9set u SeI qexame neTh qrrrun on ThScon eratL So tonmo ES Cn utcou rS earn )tak n co (ontilso u Sec m uood ne byant qn p ry
n eeTh ee xambua Sen recoS er nS 7tS syconNo partCS nou tlS on )m u Qu(sory qp m soulcotheandu trlt rychcam pfrotlues noones ct nS otl n qu5m S,atteLI red qptreq

ksmaralucu St no Son Aestu Contact
Hours

TopicsUnit

aracters; Variables; Data types; Assigments; Operators; functions

xamples of expressions; Entering long statements; Command lin

tring functions; Cell anay; Creating cell aray; Concatenation'

orking with Matrices: Generating matrices; Mathematical operation

d functions;

eleting rows /columns; Linear algebra; Arrays;

Save/Load functions, M-files, The find function;

Anatomy of a program; Constantsntroduction: Basics of Programm ing;

ormat function; SuPPressing outPut:

ortions from the recommended text books I -3

ki
f'un

lnthm tScnc Sces 1nec rtoanlneD firSvectoh gr no
n StnSt.lsct oeh at camaMrSc toconria NSooAS cBrecto per

Multivariate data

expansion; Logical subscriPting;

put and outPut:

Relevant

iting. Good programming stYle.

ta Structures: Multidimensional arrays; Cell arrays, Characters and text

tructures,

cripts and Functions: Scripts; Functions; Types of functions; Globa

ariables; Passing string arguments to functions; The eval function

unction handles; Function functions; Vectorization; Preallocation'

inear differential equation of order n with constant coefficients

haracteristic roots, Fundamental set.

for loop, while loop, continuelow Control: if and else, sw itch and case,

levant rtions from the recommended text books l-3

reak, try - catch, return.

raph ics: ttin nArranFenn ts grcoh m orG gurepP o ap

ab

to

tools;process;

b_----, &J
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-TV_

hs within a figure; Selecting plot types; Plot editing mode, Usin
nctions to edit graphs; Modifying a graph data source; Modifu a grap

enhance the presentation; Printing a graph; Exporting a graph.

ic Plotting Functions: Creating a plot; Multiple data sets in one graph

pecifying line styles and colors; Plotting lines and markers; I
d complex data; Adding plots to existing graph; Figure windows
ultiple plots in one figure; Controlling the axes; Axis labels and title

ing figures.

esh and Surface Plots: Visualizing functions of two variables

eading/writing images.

rinting and Handle Graphics: Using the handle; Graphics object; Settin

bject Properties; Specifying the axes or figure, Finding the handles o

xisting objects.

nimations: Erase mode method. Creating movies.

levant rtions from the recommended text books l-3
ymbolic Math: Symbolic objects; Creating symbolic variables
pressions; The findsym Command; The default symbolic variable
nstructing real and complex variables; Creating abstract function

reating symbolic math functions; Creating an M-file

culus: Limits; Differentiation; lntegration; Symbolic summation
aylor series; Examples; Simplifications and substitutions, Variabl
recision arithmetic examples.

inear Algebra: Basic algebraic operations; Linear algebraic operations;

igenvalues:

ordan canonical form; Singular value decomposition; Eigenval

ectones.

olving Equations: System of algebraic equations, System of different
uations

(Relevant portions from the recommended text books l-3).

l5

Total Contact Hours 60
Suggested Evaluation Methods

End Term Examination: 70

) Theory 30 ) Theory: 70
r Class Participation: 5 Written Examination

L-''a--

€f

Internal Assessment: 30
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. Seminar/ entation/assi t/qu izlclass test etc.:

ResourcesPart C-Learnin

4. C. F. Van Loan and K.-Y. D.Fan., Insight through Computing: A Matlab Introduction to

Computational Science and Engineerirg. SIAM,Publication' 2009'

5. T. A: Davis and K. Sigmon, MfrtlA Fri^"r 7s Edition, CHAPMAN & HALL/CRC, 2005'

O. S. n. Hunt, R. L. Lipsman, J. M. Rosenberg, K' R' Coombes' J' E' Osbom' and G' J' Stuck' I
Guide to MATLA.B, Second Edition, Cambridge University Press' 2006'

Z. i.fi.uni Singh, B.B' Chaudhari, MATLAB Programming, PHI Leaming' 2007'

8. K. Ahlersten , An Intoduction to Matlab, Bookboon'com'
q'c'co..,,C.BunksandJ..P.Chancelier,EngineeringandScientiJicComputingwithSCILAB'

Birkh[user,20l2'
f O. e. quu.t"roni, F. Saleri and P. Gervasio, Scientific Computing with MATUB and Octave'

nS

erence books;

r Nature 2014.

m mended Books/e-resources/L MS:
mmended Text Books;

hi

92-

o Mid-Term Exam:

l. Learning MATIAB,COPYRIGHT 1984 - 2005 by The MathWorks' Inc'

2. Amos dilal", U,q,fLAo an Introduction Wirh Applications 5ed' Wiley' 2008'

3. Rudra Pratap , Getting Started with MATLAB, Oxford University Press' 2010'

I rs 
I

t'ol

fui
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PC-2 PRACTICAL-2

lon:e emtro

n u on
Name of the Programme M.Sc. Mathematics

Semester II

Name of the Course Practical-2

Course CodE M24-MAT-206

Course Type PC.2

Level of the course 400-499

Pre-requisite for the course
if

Course objectives

which they study as a theory course M24-MAT-204 and to

hT S co rseu a the stSm uden s earnto the pract
t1l Ienem tat ons erho features f TMA LA ILo B/SC ABIp

Scode rfo b em so n A SO m lementa oon sofpro m robp p
so htec n uen onedbas M 4-2 T 20MA M2tos,q apersp
MAT-205 would be learnt.

Course Learning Outcomes
(cLo)
After completing this course, the
leamer will be able to:

l: Solve practical problems related to theory cours
undertaken in the Semester-Il from application point o
view.

LO 2: Know syntax of expressions, statements, data t)?es
structures, commands and to write source code for
pro$am in MATLAB/SCILAB/OoIave.

LO 3: Edit, compile/interpret and execute the source program

LO 4: Debug, verify/check, to obtain and store o

LO

utput of results.

desired results.

Theorv Practical TotalCredits

0 4 4
Teachin Hours per week 0 {t 8

Intemal Assessment Mark 0 30 30
End Term Exam Marks 0 70 70
Max. Marks 0 t00 100
Examination Time 0 4 hours

Psrt B- Contents ofthe Course
ontact

two com entsconsist olca course wl e

I
tg

I

120



4t

question
learning
solve on

takin
quest

Part-A questions
sideration

erexamln SE nooNS at t mt
oc urseS rhlrom an 3d

m noutcom Se CLo to co b re u tored( ) q
e bro em thefrom art A dan wn ante exd uec 2te fromSPp grampro
BPartth

Part-A

blems based on the theory courses M24-MAT-201 to M24-MAT-205 will
lved in this part and their record will be maintained in the Practical Note Boo
irect results and theorems will not be asked in this section rather exercises

umerical problems or applied problems based on the theory parts will be done,

dentified or given by the teacher concerned

Part-B

following practicals will be done using MATLAB/SCILAB/Octave and reco

f those will be maintained in the practical Note Book:

Creale any 4 x 3 matrix A. Do the following steps:
(a) Get those elements ofA that are located in rows 3 to 4 and columns

to3
(b) Add a fourth column to A and interchange that with the first column o

A; replace the last 3 x 3 sub-matrix olA (rows 2 to 4, columns 2 to 4
by a 3 x 3 identity matrix; delete the first and third rows ofA and the
sking out all elements ofA in a row and transpose it at the end.

Use switch...case to calculate the income tax on a given income at th
existing rates.
To compute the arithmetic mean, geometric mean and harmonic mean fo
the values {xO, j:I,2,...,n} and the corresponding frequencies {f(
j:t,2,...,n\.
Write a function file factorial to compute the factorial n! for any integer n
The input should be the number n and the output should be n!.

I

Write a function using lor ...^loop or a while ... loop to compute the s

of a geometric series I t r+r'+r'* *rn loragivenrand n.
Write function for the greatest common divisor (GCD) of two given
positive integers and use it to find the least common multiple (LCM) o
three given positive integer values and to find GCD of more than
integers. Get the result using built-in functions as well.
Write functions to calculate sin(x) and cos(x) as series sum of n terms. Us
these functions to plot sin(x), cos(x), sin(x) +cos(x), x in l0,2nl, for n:2, 5
10, 20. Display the deviation of curves so plotted from those which
obtained via built-in functions.
Plot log(x), exp(x), sin(x) and cos(x) in a single figure. Use differe
colours, markers, labels and title for the graph. Also display the legend.
Plot a circle for given centre and a point on the boundary. Find it
perimeter and area.

10. d t th ocat on of VCn nt x,I n ln termS o a) af or n, ot

(Lab hours
include

instructions for
writing prograrns

and
demonstration by
a teacher and foi

running the
programs on
computer by

students.)

II
&(/

to
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x-axis or y-axis, (c) in quadrants I, lI, III or IV. Verifu through x-y plot.
Plot (a) parametric curve using ezplot (b) polar curves using ezpolar. (cll

i3.

contours using ezcontour.
For given doefficients (a, b, c, d, e), solve the equation ax2

0

12

bf+2cx+2dy+e: 0 to plot the corresponding conic, viz. parabo
hyperbola/ ellipse/ circle or else.
For given perimeter and number of sides, plot the polygon and calculate it
area.

t4 Solve a cubic equation or quartic equation with given coefficients an

15.

verify the solution through built-in function.
(a) Use polar coordinates to plot 4 circles in a plot with common centre b

of different radii.
(b) For 4 spheres with given centre and radii, plot their surfaces as di
subplots in a figure.

16. Given a functionftr): sin(x), write a MATLAB script that computes th

Taylor series expansion ofthe function around a point x0 up to the n term

17

Evaluate the Taylor series at a set of points. Plots the original function an

its Taylor series approximation on the same graph for comparison.
For a given square matrix A, find the eigen-values and eigen-vectors an

check the result with the use of built-in function.
Find the inverse ol a given matrix and verify the result by using built-i
function.

Given matrix A of order 4x3, Plot the bar diagram corresponding to matri
A for the following cases:

(a) Display four groups of three bars, different bar corresponding to eac

entry ofrow in a group

18.

(b) Display one bar for each row of the matrix. The height of each bar
the sum of the elements in the row.

Given the three vectors X, Y, Z. Represent the data Y versus X and

versus X in one graph by using the following routines:
(a) Plot ( )
(b) Scatter( )
(c) Fill ( )
For given makices X, Y and Z, demonstrate
(a) Plot3 ( ).
(b) Contour( )
(c) Surf( )
(d) Surfc( )

Represent the data given by vector X by using following routines:

(a) bar( )
(b) piechart( )
(c) pie3( )
(d) plot Histogram chart and Scatter chart using polar coordinates

J

Su Evaluation Methods
En erm nxaInterna sessment:

(

V
FY

9,P
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