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SEMESTER BASED UNDER-GRADUATE HONOURS COURSES

Distribution of Marks & Teaching Hours

The Semester-wise distribulion of papers [or the B.A. (Honours). B.Con.
(Honours). B. Com.. 3.5¢. (Honours) Slanstics and B.Sc. (Honours) Computer Seicnce

will b as [ollows:

Type of Paper Max. Marks Theary LA, Tealc_l{illg per
Exam. wick
- |
Main Papers LOO 73 25 3 Lectures
1 Tutorial
Concurrent Courses 100 75 23 4 Lectures
I Tulorial |
Credit Courses for 100 75 25 4 Lectures __‘
3.5¢c.{Hons.) I Tutorial .
Mathematics |
. Size of the Tutorial Group will be in accordance with lhe existing norms.
. The existing syllabi of all Concurrenl/Credil Courses shall remain unchanaed.
. The existing criteria for opling tor the Concurrent /Credit Courses shall also

remain unchanged.

Note: The above distribution of marks and teaching hours, as resalved by the

Acvademic Council

syllabus in vase of any varialion between the two.

overrides any information indicated in  the enclosed
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Proposed Syllabus of B.Sc. () Mathematics

Following will be the contents of proposed syllabus of B.Sc. (Hons.) Mathematics in the session
2011-12 and onwards,

There are 19 papers of Mathematics (Algebra 5, Analysis 5, Calculus 2, Differential Equations &
Mathematical Modeling 3, Numerical Methods & Programming 1, Probability and Statistics 1,
Linear Prog. & Theory of Games 1, Optional Paper 1).

The Mathematics Honors degree will consist of 2600 Marks, Each theory paper will be of [00
marks. All the theory and practical papers will have examinetion of 3 hours duration. Paper
containing practical components will be of [50 marks, The practical paper is common for all the
papers in a particnlar semester. There will be an external examiner in all (he practical exams.
There will be 5 lectures and one tutoriel for all the papers. Two classes are allotted for the
practical per student per week. A practical group will consists of at most 20 stedents. Use of
Scaentific Calculator is allowed.

Every college is advised to offer at least two optional courses in Mathematics out of four courses
(Discrete Mathematics, Mathematical Finance, Mechanics and Number Theory) in Semester VI.

The semester-wise distribution of the papers is as follows:

{MESTER I ‘Calculus I Analysis I Algebra1 Credit course I
"MESTER IT Diif. Eqp. 1 Analysis I Prob. and Stats,  Credit course 1T
‘MESTER ITI Calculus I Num. Methods  Algebra I Qualifying
’ paper
‘MESTER IV Diff, Eqn. IT Analysis HI Algebra T Credit course
Im.1
MESTER V Diff. Eqn. m Analysis IV Algebre IV Linear Prog. &
Theory of
(Games
IMESTER V1 Analysis V Algebra V Optional Credit course
1.2
2
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Along with the above mentioned papers, a student will have to opt for four credit courses from
disciplines other than Mathematics and & qualifying paper. A student will have to choose one conrse each
from Credit Course 1 in semester [, Credit Course [I In  semester I and Qualifying Course in Semester
I .A student wil! have to op! for two courses from Credit Courss IIT as Credit .1 and Credi Conrse
INM.2 in semester IV and Semester VI respectively. In those subjects where more then one cowse is
offered, the student shall opt for one of the course. But if a student opts for Physics-I1 he/ shé méy opt ifor
Physics(Lab). The marks of Credit Course [, I, TIL. 1 and IlI.2 shall count in the final result of the student.

Credit Course T

)] Eihics in Publis Domain

(i) Environmentel Issues in India

(i)  Reading Gandhi

(iv)  The Individual end Socisty

(¥) Hindi Lanpnape, Literare end Culture
(v)  Gender and Scciety

{(viiy Financial Management

(viii) Chemistry

(ix)  Physics-I

Note: (a} Courses (i)-{vi) are the interdisciplinery courses of the BA (Hons)
Programme.
{(b) Conrse (v} is the elective course EL 210 (vi) of B.B¢c Programme.

{c} Course (viii) is {he Paper V being taught in First year Physics (Hons).

I {d} Course (ix) is the Paper ¥V being taught in First year Chemistry (FHons).

Credit Course IT
(i) English
(i) Hindi
(i) Sanskrit
{iv)  Chemistry
() Physics-I
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(vi)  Chemistry (La b)
(vii)  Physics (Lak)
Note: (2) Courses (D)-(iii) are ths lengusge credit courses of the BA (Hons)
Programme.
(b) Course (iv) is the Paper V being taught in First year Physics (Hons). For
" students of Maths [I—icrns}, u'nl;r six out of the tweIr';'a experiments will have
to be done. These experiments mey be selected at the college leve].
(c) Course (v) is the Paper V being taught in First year Chemistry (Hons).
(d) Caurse (vi) is the Paper VI being taught in First-year Physics (Hons).
(e} Course (vii) is the Lah I bejn B conducted in First year Chemistry (Hons).

Chalifying Course

(i) English (Higher)
(ii) English (Lower)
(iii)  Hindi (Higher)
(iv) Hindi (Lower)
(v) Sanskrit
(vi)  Chemistry (Lab)
(vii)  Physics (Lab)
Note: (a) Courses (1)-{v) are the language qualifying conrses of the BA (Hons)
Programme,
(b) Course (vi) is the Paper VII being taught in First year Physics (Hons).

{¢) Course (vH)is the Lab I being conducted in First year Chemistry (Hons).
MARKS:

* Each of the Credii I, Credit IT and Qualifying conrses are of 100 marks:

Semester examination 75 marks, internal assessment 25 marks.
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* The pass mark for the credit courses is 40 percent.

* The pass mark for the quslifying courses is 36 percent. A student has 1o pass in the
qualifying course to be cligible for an Honors degree. However, the marks in this
course will nol be counted in the final division awardad,

* Internal asscssments will be held for the credit courses but not for the qualifying

COUTSS.

NUMBER OF LECTURES:

* Four hours per week or four classes for Credit Course I, Credit Course IT
and Qualifying Course (i)-(v). For each of the credit courses, ons
tutorial will be held for studenis. Six hours for { vi) and { vii).

RULES:

* Every student must opi for al least one language. It can either be a credit course or a
quaJIf}flng course. If they are opting for a language in both the credit as well as the

I qualifying course ilien these cannot be the same langtrapes.

* A stndent offering Chemistry/ Physics-T as Credit Course I will not be allowed 1o
oHer the same as Credit Course 11.

* A student offering Chemistry/ Physics-I as Credit Course I ean opt for Chemistry
(Lab) Physics (Lab) as Credit Course IT but then they cannot opt for these courses

as gualifying courses.

* A student will be allowed fo take Chemistry (Lab)/ Physics (Lab) as a qualifying

| course if they have opted for Chemistry/Physics-I respectively as a eredit course.




Credit Course IT1

(1)
{1i)
(iii)

(iv)

)
(v

{vii)
(viid)

(ix)
(x)
(i}
(i)
{(xii)
(xiv):
{xv)

Psychology for Living

Hindi Literatare

hModern Indian Literature, Poems and Shorl Stories; Movel or Play
OR

Cultural Diversity, Linguistic Plurality and Literary Traditions in India.

Formal Logic/ Symbolic Logic
OFR

Readings in Western Philosophy
OR

Theony of Consciousness
Citizenship in Globalizing World

Culture in [ndia: a Histoncal Perspective
O

Delhi: Ancient, Medieval and Modem
CR

Religion end Religiosity in India

OR

Inequality or Difference in India

Sociology of Cnntempnrénr India
Principles of Geography
OR

Geography of India

Principles of Economics
Financial Accountmg
Green Chemisiry
Biotechnology

Physics- I

Biophysics

Physics (Lab)

(ks




Note: {a} Courses (i)-(ix) are the discipline eentred courses of the BA (Hons)
Programme.
(b} Course (x-xii} are the elective courses EL 210 (v}, EL 310 (i} and EL 310
{iii) of B.Sc Programme,
{c) Course {xiii) is the Paper XI being taught in Second year Chemistry (Flons).
{d} Course (xiv) is the Paper X1 {Oplion 2} being taught in Third year
Physics (Hons).

(€) Course (xv) is Lah V being conducted in Sceond year Chemisiry (Hans}

| MARES:
* Each course carries 100 marks: examination 75 merks, Inteimal assessments
25 marks.

* The pass mark is 40 PBII'CEHIL

NUMBER OF LECTURES:
* Four hours per week or Four classes for courses (I-xiv). For each of these courses,
one tutorial will be held for studenis.

* Six hours or Six classes for conrse (xv).




SEMESTER ¥
1.1 Calculus T

‘Total marks: 150

Theory: 75

Practical: 50

Internal Assessment; 25

5 Lectures, 2 Practicals, 1 Tutorial (per week per student)

Hyperbolic funetions, higher order derivatives, Leibniz rule and its applications to problems of
type ¢*sinx, e™Peogr, (axth)’sinx, (ax+b) cosy, concavity and inflection points, asymptotes,
curve fracing in Cartesian coordinates, tracing in polar coordinates of standard curves,
L’Hopital’s rule, applications in business, econainics and life scicaces,

References:

[1]: Chapter 4 (Sections 4.3-4.5 {page 124-157), 4.7).

[2]: Chapter 7 {(Section 7.8), Chapler 11 (Scetion 11.1).

Reduclion formulae, derivations and illustrations of reduclion formulae of the type [sin® x dx,
feos" x dx, Jtan® x dx, [sec” x do, Jlog x)" dx, [sin” x cos™ x dr, volumes by slicing, disks and
washers methods, volumes by cylindrical shells, parametric equarions, parameterizing a curve,

arc length, arc length of parametric curves, area of surface of revoliion.
References:

[1]: Chapter 3 (Sections 9.4 (Pages 471-475 (excinding lines in £%))).

[2]: Chapier 8 (Sections B.2-8.3 (pages 532-338 (excluding integraiing products of
tangents and secants))), Chapter 6 {Scction 6.2-6.5 (excluding arc length by numeneal
methods))

Techniques of sketching conics, refleciion propertics of conics, rotalion of axes and second
degree equations, classification into conics using the discriminant, polar equations of conics,
Reference:
[2}: Chapter 11 (Sections 11.4-11.6 (up ta page 775 excluding sketching conics in polar
coordmates)).

Triple product, introduction to vector functions, operations with vector-valued funciiens, limits
and conlinuity of vector funciions, differentiation and integration of vector functions, tangent and
normal compenents of acceleration, modeling ballistics and planetary motion, Kepler's second
law.

Reference:

[1] Chapter 9 (Section 9.3 (pages 468-465Y), Chapter 10
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Practical / Lab worlt (o be performed on a computer:
Modeling of the following problems using Matlab / Mathematica / Maple elc.

(1} Plotting of graphs of foneclion Ea log{me + B), 1/{zx -+ b), sin(ex + b), cos(ax + &), |ax + 5|
and be able 1o find the cffect of o and 5 an the graph.

{ii) Plotting the graphs of polynomial of depree 4 and 5, the dervative graph, the second
derivative graph and comparing them.

(i) Any one of the following
(a) Skeiching parametric curves (Eg. Trochoid, eycloid, epicycloids, hypocycloid)
(b) Obtaining surface of revolution ol curves
(c) Tracing of conics in Cartesian coordinates/ polar coordinates
(d) Sketching ellipsoid, hypetbolold of one and two sheels, elliptic cone, elliptic
parabolold, hyperbolic paraboleid using Cartesian co-ordinales.

{iv} Any one of the following
{a} To find numbers between two real numbers.
{b) Platting subsets of R io study boundedness /unboundedness and bounds (if they exist).
(c) Plotling of scts on R to discuss the idea of cluster points, lim sup, lim inf.,

{(v) Any one of the following
(1) Plotting of recursive sequences.
(b) Study the convergence of sequences through plotiing,
() Verify Bolzano Weirsass theorem ihrough ploiting of scquences and
hence identify convergenl subsequenccs from the plat.
(d} Smdying the convergence / divergence of infinifc series by plotting their sequences of
partial sum.

(¥1) Any one of the following
(a) Cauchy’s toot test by plotting 1" roots
(b) Ratio test by plolling ihe ratio of A" and #17 term.

{vil) Matrix operation (addition, multiplication, inverse, transpose)

EEFERENCES:

1. M. J. Strauss, G. L. Bradley and K. J. Smith, Caleulus (3" Edition), Dorling Kindersley
{India} Pvt. Ltd. (Pearson Education), Belhi, 2007.

2. H. Anton, I. Bivens and 8. Davis, Calenfus (7" Edition), John Wilcy and Sons (Asia) Pte. Ltd.,
Singapore, 2002,

R
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L2 Analysis

Toial marks: 10p

Theory: 75

Intemna! Assessmeqt: 25

3 Lecturcs, 1 Tutoria) {per week Pper student)

The algebraic and order properties of R, suprema and nfima, the completeness Property of R, the
Archimedean Property, density of rational numbers n &, characterization of intervals,
ncighbmrhuﬂds, open sets, cloged Sets, limit points of a set, isolated points, closure, complements,
ideq of incountability of 7.
References:
[1]: Chapter 2 (Sections 2124, 25 {up o 2.5.1)), Chapter 11 {Section 11,3 (up to
11.1.6 and 11.1.8)).

[2]: Chapter | (Sections 1-5).

Sequences, bounded S€quence, limit of sequence, convergent Sequences, limit theorems,
mhonotone  sequences, monotone convergence theorem, subsequences, Convergence and
divergence criteria, existence ol monotonic subsequences (idea only), BD]Z&HG-W&EH’SII&SS

References:
[1]: Chapter 3 (Sections 3, 1-3.5, up to 3.5.6).
[2]: Chapter 2 (Sections 7-12)

Definition of infinite series, sequence of partial sumsg, convergence of infinite series, Cauchy
criterion, absolute and condiliong] convergence, Convergence vig boundedness of sequence of
Partial sums, tests of Convergence: Comparison test, hHmit Comparison tesi. ratip test, Cauchy’s
nth root test (proof based op limit Superior), integral fest (without proof), alternating series,
Leibniz test.

Reference:

[2): Chapter 2 (Secliong 14-13)

Sons (Asia) Pte, L., Singapore, 2002.
2. K. A, Ross, Elementary Analysis: The Theory of Cafeulys, Undergraduate Texts in
Mathematics, Springer (SIE), Indian reprint, 2004,
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I3 Algebra 1

Tolal Mazrks: 100

Theory: 75

ltemal Assessment: 25

5 Lectures, 1 Tutonal (per week per siudent)

Palar representation of complex numbers, the nth oot of unity, some sinple geometnc nolions
and properties, conditions in collinearity, orthogonality and concyclicity, similar triangles,
cquilateral triangles, some analytic geomelry in the complex plane, the circle, stalement of the
fundamental theorem of algebra and its consequences, Descartes’ rule of si gms, bound on the real
zeros, inlerpreling ihe coefficients of a polynomial.

References:

[i]: Chapter 2, Chapler 3.

[2]: Chapter 4 (Sections 4.4, 4.6 (4.6.1-4.6.8)), Chapter 5 {Sections 5.2.7, 5212,

Chapiler 6 (Section 6.1)

Sets, binary relations, equivalence relations, congruence relation between inlegers, finite praduct
of sets, functions, composilion of functions, bijective functions, invertible fimetions, introduction
of finite and infinite scts through correspondence, binary operations, principle of mathematical
induclion, well-ordering property of pesilive inlegers, division algorithm, statement of
fundamental theorem of anihmetic.

References:

[3]: Chapter 0.

[4]: Chapter 2 (Sections 2.1-2.4), Chapter 3, Chapter 4 (Section 4.4 up to Def. 4.4.6).

Systems of linear equations, row reduction and echelon forms, vector cquations, the matrix
equation Ax = b, solution sets of Hnear systemns, applications of linear systems, lincar
independence, inirodociion to lincar transformations, the matrx of a linear transformaiion,
inverse of a matrix, characterizations of invertible matrices, partitioned matrices, subispaces of
R’, bases and dimension of subspaces of £°.

Reference:

[5]- Chapter 1 (Scetions 1.1-1.9) and Chapler 2 (Sections 2.1-2,4, 2.8-2.9).

REFERENCES:

1. Titu Andreesen and Dorin Andrica, Complex Numbers from 4 fo .... Z, Bitlkhauser, 2006.
2. E.J. Barbecan, Polynomials, Springer Verlag, 2003,

n
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orary dbstract dlgebrg (4% Edition), Narosa Publishing House,
New Dethi, 1999,
4. Edpar G. Goodaire and Michael M, Pariien ter, Discrete Mathe
(e Edition), Pearson Education (Singapore) Pyt, Ltd., Indian Rep
3. David C. Lay, Lineer Algebra and its Applications (3™
Indian Reprint, 2007.

matics with Graph T, heory
rint, 2003,

Edition), Pearson Education Asia,
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SEMESTER IT

IL.1 Differential Eqnations and Mathematical Modeling I

Tolal marks: 150

Theory: 75

Practical; a0

Intemal Assessineni: 25

5 Lectures, 2 Practicals, 1 Tutorial (per week per siudent)

Differential equalions and mathematical models, order and degrec of a differeniial equation,
exacl differential equalions and integraiing factors of first order differential equations, redvucible
second order differential cquations, application of first order differential equations 1o
acceleration-veloeily model, growth and decay model.

Eeferences:

[2): Chapler 1 (Sections 1.1, 1.4, 1.6), Chapter 2 (Scetion 2.3}

[3]: Chapter 2.

Introduction to comparimental models, luke pollution model (with case study of Lake Burlcy
Griffin}, drug assimilation inlo the blood (case of a single cold pill, case of a course of cold pills,
case stdy of alcohol in [he bloodstream), exponential growth of population, limjted growth of
population, limited growih with harvesting,

Reference:

[1]: Chapter 2 (Sections 2.1, 2.5-2.8), Chapter 3 (Sections 3.1-3.3)

General solution of homogencous equation of second order, principle of superposition for a
homogeneous equation, Wronskian, its properiies and applications, Linear homeogeneous and
non-homegencous equations of higher order with constant coefficients, Euler’s equaiion, method
of wndetermined coefficicnis, method of variation of parameters, applications of second order
differential equations to mechanical vibralions.

Reference:

[2]: Chapter 3 (Sections 3.1-3.5).

Equilibrium pojnis, inferpretation of the phase plane, predator-prey model and its analysis,
competing species and ils analysis, epidemic model of influcnza and its analysis, battle model
and its analysis.

Reference:

[1]: Chapter 5 (Sections 3.1, 5.3-3.4, 5.6-5.7), Chapier 6.

1



Practical / Lab work to be performed on o cOMpHLer:
Modeling of the following problems using Matlab / Mathematica / Maple eic.

(1} Plotting second and third order solution families
(i1} Acceleration-velocity mode]
(il1} Growth and decay model (both exponential and logistic)

(iv) Any two of the following
(2} Lake pollution model (with constant/ seasonal flow and pollution concentration)
(b) Case of a single cold pill and a course of cold pills
{¢) Case study of alcohel in the bloodstream (initial inpul/ contmuous input on empty
stomach and wrih substaniial meal)
(d) Limited growih of population (with and without harvesting

(¥} Any two of the following
(2} Predator prey model (basic Loika volierra model, with density dependence, effect of
DDT, two prey one predator)
(b) Epidemic model of influenza (basic epidemic model. conlagious for life, disease with
carriers, disease with re-infection, density dependent contact rate)
(c) Battle model (basic batile model, jungle warfare, with desertion, long range weapons)

(vi) Taylor and Maclaurin series of sin x, cos x, log (1+x), €, (1+x)", maxima and minima,
inverse of graphs.

REFERENCES:

l. Belinda Barnes and Glenn R. Fulford, Mathematical Modeling with Case Studies, A
Differential Equotion Approach Using Maple, Taylor and Francis, London and New York,
2002.

2. C. B. Edwards and D. E. Penny, Differential Equations and Boundary Value Problems:
Computing and Modeling, Pearson Education, India, 2005.

3. 8. L. Ross, Differential Equations, John Wiley and Sons, India, 2004.
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II.2 Analysis II

Tolal marks: 100

Theary: 75

Internal Assessment: 25

5 Leciures, 1 Tulorial (per week per student)

Limits of [unctions, sequential crierion for limits, divergence criteria, review of limit theorems
and one-sided limits, continuous functions, sequential criterion for continuity, discontinnity
criterion, Dirichlet’s nowhere continuous function (illustrations), combinations of continuous
functions and compositions of continuous functions, continuous functions on intervals,
boundedness theorem, the maximuni-minimum theorem, location of roots theorem, Bolzana’s
intermediate value theorem, intermediate value property, preservalion of interval property.

References:

[1]: Chapter 4 (Sections 4.1-4.3), Chapter 5 (Sections 5.1-5.3).

[2]: Chapter 3 (Sections 17, 18 and 20).

Uniform continuty, uniform continuity theorem, differentiation, derivative, combinations of
differentiable functions, Caratheodory theorem, chain rule, derivative of inverse funclions,
mteror exirepnum thecrem, intermediate value property for derivaiives {Darboux's theorem),
revicw of Rolle’s theorem, mean value theorem, Cauchy’s mean value theoren:.

References:

[1]: Chapter 5 (Section 5.4 up to 3.4.3), Chapter 6 (Sections 6.1-6.2, 6.3.2).

[2]: Chapter 3 (Section 19), Chapter 5 (Sections 28, 29)

Taylor’s theorem with Lagrange and Cauchy form of remainders, binomial series theorem,
Taylor series, Maclaurin series, expansions of exponenlial, logarithmic and irigonometdc
functions, convex funclions, applicalions of mean value theorems and Taylor's theoren 1o
monotane functions. Power series, radius of convergence, interval of convergence

'References:

[1]: Chapter 6 (Sections 6.4 (up to 6.4.6)). Chapter 9 (Section 9.4 (page 271)).

[2]: Chapter 5 (Sections 31).

REFERENCES:

1. B. G. Bartle and D, R, Sherbert, fmroduction to Real Analysis {3"' Edition), Yohn Wiley and
Sons (Asia} Pwt. Lid., Simgapore, 2002,

2. K. A Ross, Elementary Analysis: The Theory of Caleulus, Undergraduaté Texts in
Mathematics, Springer (SIE), Indian teprint, 2004,
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" IL3 Probability and Stafistics

Toal marks: 100

Theory: 75

Iimternal Assessment: 25

3 Lectures, | Tutorial (per week per student)

Sample space, probabilily axioms, real random variables {discrete and continuons), cumulative
distribution function, probability mass/density functions, mathematical expeciation, muments,
moment generating funciion, characteristic function, discrete distributions: uniform, binomial,
Poisscn, geometric, negative binomial, continuous distributions: unifern:, nermal, exponential.

Refercnees:

[1]: Chapter 1 (Sections 1.1, 1.3, 1.5-1.9).

[2]: Chapter 5 (Sections 5.1-5.5, 5.7, Chapler 6 (Sections 6.2-6.3, 6.5-6.6).

Toint cumnulative distribution function and ils properties, joinl probahilily densily functions,
marginal and conditional distributions, expectation of funclion of iwo random variables,
conditional expeclations, independent random  variables, bivadale nommal distibolion,
comelation coellicient, joint moment generating function (jmgf) and calculation of covarance
(from jmg), linear regression for two variables.

References.

[1]; Chapter 2 {Sections 2.1, 2.3-2.3).

[2]: Chapler 4 {Exercise 4.47), Chapter 6 {Section 6.7), Chapler 14 {Sections 14.1, 14.2).

Chebyshev's inequality, stateinent and interpretalion of {weak) law of large numbers and strong
Iaw of large numbers, Central Limit theorem for independent and identically distributed random
variables with finite variance, Marlkov Chains, Chapman-Kolmogorov equations, classification of states.

References:

[2]: Chapter 4 (Scection 4.4).

[3]: Chapter 2 (Section 2.7), Chapter 4 (Sections 4.1-4.3).

REFERENCES:

1. Roberit V. Hoog, Joseph W, McKesn and Allen T. Craig, Inroduction to Matheimatical
Statistics, Pearson Education, Asia, 2007.

2. Irwin Miller and Marylees Miller, Jokn E  Freund’s Mathematical Statisiics with
Applications (7t Edition), Pearson Education, Asia, 2006.

1. Shelden Ross, Iniroduction fo Probabilify Medels (Sih Edilion), Academic Press, Indian
Reprint, 2007. '

SUGGESTED READING:
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1. Alexander M. Mood, Franklin A. Graybill and Duane C. Boes, Infroduction fo the Theory
af Statistics, (3 Edition), Tala McGraw- Hill, Reprint 2007

II.4 Credit course I
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SEMESTER 111

1.1 Caleulus IT

Tolal marks: 100

Theory: 75

Internal Assessment: 25

5 Leclures, 1 Tutorial (per week per student)

Funclions of several variables, level curves and surfaces, graphs of Functions of two variables,
limits and continuity of functions of two and ihree real variables, partial differentiation (tweo
variables), partial derivative as a slope, partial derjvative as a Tate, higher order pariial
derivalives (notion only). equalily of mixed pavials, fangent planes, approximations and
differentiability, sufficient condition for diffcrentiability (statcment only). chain rule for one and
wo independent parameters, illustration of chain rule for a funclion of three variables with ihree
independent parameters, directional derivatives and the gradient, cxirema of funclions of twao
variables, method of Lagrange mullipliers, constrained optimization problems, Lagrange
mullipliers with (wo parameters.

Referenre:

[1]: Chapter 11.

Double inlegration over rectangular region, double inlegralion over nonrectangular cegion,
double integrals in polar co-ordinates, miple integrals, cylindrical and spherical co-ordinates,
change of variables.

Reference:

[1]: Chapler 12.

Divergence and curl, line integrals, The Fundamental Theorem and path independence. Greea’s
Theorem, surface integrals, Stoke’s Theorem, The Divergence Theorem.

Reference:

[1]: Chapter 13.

! REF:RENCE:
1. M. J. Strauss, G. L. Bradley and K. I. Smith, Calewles (3 Bdition), Dorling Kindersley
(India) Pvt. Lid. (Pearson Education}, Delhi, 2007.

SUGGESTED READING:
I. Jerrold E. Marsden, Anthony J. Tromba and Alan Weinstein, Basic Multivariable
Cafcufus, Springer-Verlag, 2005.
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IIX.2 Nomerical Methods and Programming

Tolal marks: 150

Theory: 75

Praclical: 30

Internal Assessmieni: 25

5 Lectures, 2 Practicals, 1 Tuloral (per weelk per student)

Algorithms, Convergence, Bisection method, False position method, Fixed point ieration
method, Newton's method, Secant method, L1 decomposition, Gauss-Jacobi, Gauss-Siedel and
SOR iterative methods,

Reference:
[1]: Chapter 1 (Sections 1.1-1.2), Chapter 2 (Sections 2.1-2.5), Chapter 3 (Section 3.5, 3.8).

Lagrange and Newton inlerpolation: linear and higher order, finile difference operators,

References:
[1]: Chapter 5 (Sectlons 5.1, 5.3)
[2]: Chapter 4 (Section 4.3).

Numerical differentiation: forward differcnce, backward difference and ceniral difference.
Integration: trapezoidal rule, Simpson's rule, Fuler's method.

Reference:
[1]: Chapter 6 (Sections 6.2, 6.4), Chapier 7 {Section 7.2)

Note: Emphasis is to be laid on the algorithms of the ahove numerical mcthods.

Practical / Lab work fo be performed on a compitier:
Use of computer aided soliware (CAS), for example Matlab / Mathemarica / Maple | Maxitma

etc., for developing the following Nwmerical pPrograms:

(i) Calculate the sum 1/1 + 1/2 + 1/3 + 1/4 4 <eemmee— + 1/ N.

(i) To find the absolute value of an integer,

(i) Enter 100 integers into an array and sort them in an ascending order.

(iv) Any two of the following
{(a) Bisection Method
{b) Newton Raphsen Method
{c) Secant Method
{d) Repulai Falsi Methad

{v) LU decomposition Method
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f¥i) Gauss-Jacobi Mathod
(vit) SOR Meihod or Gauss-Sicde] Melthod

(viif) Lagrange Inierpolation or Newton Interpolation

(ix) Simpsen’s rule.

Note: For any of the CAS Maiab ¢ Mathematica / Maple | Maxima etc., Data types-simple data
types, floating data types, character data types, arithmetic operators and operator precedence,

variables and constant declarations, expressions, input/output, relational operators, lopical

Operators and logical expressions, control statements and loop statements, Arrays should be
iniroduced to the students.

REFERENCES:

1. B. Bradie, A Friend’ Introduction to Numerical Anal 515, Pearson Bducation, Tndi 2007,
i 3y iy d,

2. M. K. Jain, 8. R, K. Iyengar and R. K. Jain, Numerical Methods for Scientific and
Engineering Computation, New 2ge Intcmational Publisher, India, 5° edition, 2007.
SUGGESTED READING:

1. C. F. Gerald and P. O. Wheutley, dpp;ied Numer

ical dAnalysis, Pearson Edneation, India 7
cdition, 2008
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UL3 Algebra I

Total Marks: 00

Theory: 75

Internal ASsessment: 235

3 Lectures, | Tutorial (per week per Student)

ETOUps and quaternjon EToups (illustration through matrices), elementary Properties of Eroups,
subgroups and €Xamples of subgroups, Centralizer, normalizer, center of a group, cyclic groups,

Cycle notation for Permutationg, Properties of PEImutations, evep and odd Permutationsg,
alternating group, a Cheak—Digﬁ Scheme hased on the dihedral 8roup L. . product (HIK) of two
subgroups, definition and Properties of cosels, Lagrange’s theorem and Consequences Including

Definition ang Sxamples of hnmmnnrphism, Properties of Immummphfsm, definition and
examples of isomorphism, Cayley’s theorem, Properties of fsanm:]:lhfsm, Isomorphism theorems I, 17 an
I, definitioy and examples of automarphisms, jpper atomorphisms, AUtomorphisms and inper
automorphisms 5TOup, automorphism Eroup of finite and j; Inite cyclic Eroups, applications of factor
8roups fo automorphisms Eroups, Cauchy’s theorem for Inite abelian groups,

Reference:

[1]: Chapter 6, Chapter 9 (Theorems 9,3—9,5.}; Chapter 10

REFERENCES;
1. Joseph A. Gallian, Cnmewwamfy Abstract Algebra (4t Ed)), Narosa Puinshjng House, 1999

SUGGESTED READING:
1. David &, Dummit ang Richard ©7. Foote, Abstraes Algebra (zn Edfiion), Johg Wiley and

Sons (Asia) Pyt. Lid, Singapure, 2003.
22
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1.4 Qualifying paper
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SEMESTER 1V

I'V.1 Differential Equations and Mathematical Modcling IT

Total marks: 150

Theory: 75

Praciical: 50

Internal Assessmeni: 25

5> Lectures, 2 Practicals, 1 Tulorial (per week per student)

Introduciion, classification, construction and geometrical interprelation of first order partial
differential equations (PDE), method of characterisiic and general solulion of first order PDE,
canomeal form of first order PDE, method of separation of variables for first order PDE.
Reference:
[1]: Chapter 2.

Mathemalical modeling of vibrating string, vibrating membrane, conduction of heat in solids,
gravilational potential, conservation laws and Burger’s equations, classification of second order
PDE, reduction o canonical forms, equations with constant coefficlents, general solution,
Reference:
[1]: Chapter 3 (Sections 3.1-3.3, 3.5-3.7), Chapter 4,

Cauchy problem for second order PDE, homogeneous wave equalion, initial boundary value
problems, non-homogeneous boundary conditions, finite strings with fixed ends, non-
homogeneous wave equation, Riemann problem, Goursat problem, spherical and cylindrical
wave equation.

Reference:

{1]: Chapter 5.

Method of separation of variables for second order PDE, vibratng siring problem, existence and
uniqueness of solution of vibrafing string problem, heat conduction problem, existence and
uniqueness of solution of heat conduction problem, Laplace and beam equation, non-
homogeneous problem.

Reference:

[1]: Chapler 7.
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Practical / Lab work fo be performed on a computer:
Modelmg of the following problems using Marlab / Mathematica / Maple ete.

(i) Solution of Cauchy problem for first order PDE.
(ii) Finding the characteristics for the first order PDYE.
{111} Plot the integral surfaces of a given first order PDE with initial dala.

: . . &
(tv) Solution of wave eguation ?f —czg-?- =0 for any two of the following associated
conditions
(a) u{x,0) =g(x), w(x,0)=p(x), xeR +>0
(b u(x,0) =(x), u(x,0)=p{x). w(0,0)=0, x=(0w), >0
{c) u(x,0) =@lx), wu(x,0)=pfx), 4, (0,0)=0, x e(0,0), >0
(d) w(x,0)=@(x), u(x.N=u(x), tl0,N=0, «(LN=0,0<x <l 120
{v) Solulion of the heat equation % - r%ﬁ =0 for any two of the following associated
A
conditions
(@) wix, 0 =ex), w(li)=a win=>0b 0<x<i 150
b} xMy=¢{x), xel, O<t=T
@ u(x0)=p(x), u0)=a xew), 20

REFERENCE:!

I. Tyn Myint-U and Lokenath Debnath, Linear Partial Differential Equation for Scientists and
Engineers, Springer, Indian reprint, 2006,

SUGGESTED READING:

1. Toannis P Stavroulakis and Stepan A Tersian, Pariial Differential Egquations: An
Introduction with Mathemearica and MAPLE, World Scientific, Second Edition, 2004.
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YV.2 Analysis ITT

Total marks: 100

Theory: 75

Internal Assessment: 25

5 Lectures, 1 Tutorial (per week per sludent)

Riemann integral, basic inequality of Riemann integral, Riemann condition of integrability,
Riemann sum, algebraic and order properties of the Riemann integral, Riemann integrability for
continuous functions, monotonic functions and finctions with finite number of
discontinuities(without proof), e fundamental theorem of calculus(second fundamenial theorem
without proof), consequences of the fundamental theorem of calenlus- infegration by parts and
change of variables, mean value theorem of calculus(statement only). Eﬁlpmper integrals,
convergence of improper integrals, tests of wonvergence for improper integrals, Abel's and
Dirichlet's tests for improper integrals, Beta and Gamma fanctions and their relations.

References:

[3]: Chapter 6 (Anicles 32-34, 36).

[2): Chapter 9 (Sections 9.4-9.6)

Pointwise and uniform convergence of sequence of finctions, uniform convergence and
continuity, uniform convergence and differentiation, uniform convergence and integration,
Cauchy enterion for uniform convergence, senes of functions and convergence, Weierstrass M-
test, Weierstrass approximation theorem (statement only).Differentiation and integration of
Power series, Abel’s theorem (without proof).exponential and logarithmic functions

References:

[1]: Chapter 8 (Sections 8.1, 8.2.3, 8.2.4), Chapter 9 (Sections 9.4, 1-9.4.6).

[3]: Chapter 4 (Sections 24-27), Chapter 6 (Section 37)

REFERENCES:

I.R. G. Bartle agd D, R, Sherbert, Mtroduction ro Real Aralysis (3rd Edition), John Wiley and
Sons (Asia) Pvi. Ltd., Singapore, 2002.

2. Sudhir R, Ghorpade and Balmohan V., Limaye, 4 Course in Caleulus and Real Analysis,
Underpraduate Texts in Mathematics, Springer (SIE), Indian reprint, 2006.

3. K. A. Ross, Elementary Analysis: The Theory of Calculus, Undergraduate Texts in
Mathematics, Springer (SIE), Indian reprint, 2004.
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IV.3 Algebra Oy

Total Marks: 100

Theory: 75

Internal Assessmeni; 25

3 Lecture, 1 Tutorjal (per week per student)

Definition and examples of rings, properties of rings. subrings, integral domains, definition and
examples of fields, characteristic of a ring, ideals, ideal generated by subsets in a commutative
ring with unity, factor rings, operations on ideals, prime ideals and maximal ideals, definition
and examples of ring homomorphisms, properties of ring homemorphisms, isomorphisms,
isomorphism theorems I, IT and ITT, field of quotients,

Reference:

[2): Chapter 12, Chapter 13, Chapter 14, Chapter 15.

Delinition of polynomial rings over commutative rings, the division algorithm and
comsequences, principal ideal domains, factorization of polynomials, reducibility tests,
irreducibility tests, Eisensiein criterion, unique factorization in Z[x], an application of unique
factorization to weird dice, divisibility in integral domains, irreducibles, primes, unique
factorization domains, Euclidean domains,

Reference:

[2]: Chapter 16, Chapter 17, Chapter 18,

Vector spaces, subspaces, algehbra of subspaces, quotient spaces, linear combinations and
systems of linear equations, linear span, linear independence, basis and dimension, dimensions of
subspaces, linear transformations, null Space, range, ranlk and nullity of linear transformations,
malrix of a linear transformation, algebra of linear transformations, isomorphism, Isomorphism
theorems, invertibility and isomorphisms, change of hasis.

Reference:

[1): Chapter I (Sections 1.2-1.6), Chapter 2 (Sections 2.1-2.5).

REFERENCES:

L. Stephen H. Friedberg, Arnold J. Insel and Lawrence K. Spence, Linear Algebra (40
Edition), Prentice-Hall of Tndig Pvt. Ltd., New Delhi, 2004.

2. Joseph A. Gallian, Contemporary Abstract Algebra (4 Editoq), Narosa Publishing House,
New Delhi, 1999,
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SEMESTER V

V.1 Differential Equations and Mathematical Modeling I

Tolal marks: 150

Theory: 75

Practical; 50

Internal Assessment: 25

5 Lectures, 2 Praciicals, 1 Tuigrial (per week per student)

Power series solution of a differential equation about an ordinary point, solulien about a regular
singular point, Bessel's equation and Legendre’s equation, Laplace transform and inverse
transform, application to initial value problem up to second order.

Reference:

[2]: Chapier 7 {Sections 7.1-7.3), Chapter 8 (Sections 8.2-83).

Monie Carlo Simulation Modeling: simulaling deterministic behavior (area under a curve,
volume under a surface), Generating Random MNumbers: middle square method, [inear
congruence, Queving Models: hacbor system, moming rush hour, Overview of optimization
modeling, Lincar Programming Model: geometric solufion algebraic solution, simplex method,
sensitivity analysis

Referenca-

[3]- Chapter 5 (Seciions 5.1-5.2, 3.5}, Chapler 7.

Graphs, diagraphs, networks and subgraphs, vertex degree, paths and cyecles, regular and
bipartite graphs, four cube problem, social networks, exploring and traveling, Culeran and
Hamiltonian graphs, applications to dominoes, diagram tracing puzzles, Knight’s tour problem,
gray codes,

Reference:

[1]: Chapter 1 (Section 1.1), Chapter 2, Chapter 3.

Nate: Chapter 1 (Section 1.1), Chapter 2 (Sections 2.1-2.4), Chapter 3 (Sections 3.1-3.3) are to
be reviewed only. This is in order to understand the models on Graph Theory.

Practical / Lab work to be performed on a cotnprfeyr:
Modeling of the following problems using Matlab / hdathematice / Maple etc.

(i} Plotiing of Legendre polynomial forn=1 to 5 in the interval {0,1]. Verifying graphically that
all the rools of P, (%) le in the interval [0.1].

29
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(ii) Automatic computation of coefficients in (he series solution near ordinary poinis
(iii) Plotiing of the Bessel’s funclion of Hrst kind of order 0 to 3,
(iv) Autornating the Frobenius Series Method

(v) Random number generation and then use it for onc of the following
{a) Simulate area under a curve
(b} Simulate volume under a surface

(¥1) Programming of either one of the quening maodel
(a) Single server quene {e.g. Harbor system)
(b) Multiple server queue (e.g. Rush hour)

(vii) Programming of the Simplex meihod for 2/3 variables

REFERENCES:

1. Joan M. Aldous and Robin J. Wilson, Graphs and Applications: An Introductory Approach,
Springer, Indian reprint, 2007.

2. Tyn Myint-U and Lokenath Debnath, Linear Pariial Differential Equation for Scientists
and Engincers, Springer, Indian reprint, 2006.

3. Frank R. Giordano, Maurice D, Weir and William P. Fox, 4 First Course in Mathematical
Modeling, Thomsun Learning, London and New York, 2003.
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V.2 Analysis IV

Total marks: 100

Theory: 75

Intemnal Assessment: 25

3 Lecmires, 1 Tutarial {per week per student)

Delnition and examples of melric spaces, isometries, diameter, isolated points, accumulation
and boundary points, closure and inlerior, open and closed sets, Canior’s intersection theorzm,
open and closed balls, convergence, Cauchy sequence and boundedness.
References:
[1]: Chapter 1 {Sections 1.1 (up lo example 1.1.17), 1.3-1.4, 1.6-1.73, Chapter 2 (Seciions
2.12.3, 2.5-2.6), Chapter 3 (Sections 3.1, 3.6-3.7), Chapter 4 (Seclions 4.1-4.4, 4.7),
Chapter 5 (Sections 5.1-5.3), Chapter 6 (Sections 6.1-6.2, 6.4-6.8), Chapier 7 (Sections
7.1, 7.4, 7.6-7.8).

Contininly and uniform continuity, completeness, contraclion mapping thearem, Baire’s category
theorem.

Reference:

[1]: Chapter 8 {Sections 8.1-8.3, 8.5, 8.9-8.10), Chapter 9 (Sections 9.1 {up to Subsection
9.1.3), 9.2 (Theorem 9.2.1 with Ist two critena), 9.4, 9.9), Chapter 10 (Sections [0.2
(only Cauchy eriterion), 10.3, 10.8, 10.10).

Conneciedness, connected subsets, connected componenis, pathwise conaccledness.
Reference:
[1]: Chapier 11 {Sections 11.1—11. 8)

Compaciness, compact subsels, compactness of products.
Referenee:
[1]: Chapler 12 (Sections 12.1 —12. 5).

REFERENCES:

. Michedl O Scaredid, AMerric Spaces, Springer Undergradvate Mathematics Scries,
Springer-Verlag, London Limiled, London, 2007.

2. G. F. Simmons, hivoduction fo Topology and Modern Analysis, Megraw-Hill Editions, 2004.
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V.3 Algebra IV

Total Marks: 100

Theory: 75

Intemal Assessment: 25

5 Lectures, 1 Tutorial {per woek per student)

Dual spaces, dual basis, double dual, lranspose aud 1t5 matnx in the dual basts, annhilators,
eigenvalues and eigenvectors, characteristic polynomial, diagonalizability, invarjant subspaces
and the Cayley-Hamilton theorem, the minimal polynomial for a linear lransfonmation,
Reference:
[1]: Chapter 2 (Section 2.6), Chapter 5 (Seclions 5.1-5.2, 5.4, Feel

Inner product spaces and norms, Gram-Schmidt orthogonalisation process, orlliogonal
complemenis, Bessel’s inequality, adjoints of inear operalors, leasl square approximations,
mitnimal sclutions to system of lincar equations.

Reference:

[1]: Chapter 6 (Sections 6.1-6.3).

Extension fields, fundamental theorem of field theory, splitting ficlds, zeros of an irreducible
polynomial, perfect fields, characterization of extensions, alpebraic extensions, finite extensions,
propertics of algebraic cxtensions, classification of finite fields, structure of finmite fields,
swbfields of finite ficlds, consiructible numbers, straight edge and compass construction.
Reference:
[2]: Chapter 20, Chapter 21, Chapter 22, Chapter 23.

REFERENCES:

L. Stephen H. Friedberg, Arnold J. Insel and Lawrence E. Spence, Linear Algebra (4%
Edilion), Prentice-Hall of India Pvt. Lid., New Delhi, 2004

2. Joseph A. Gallian, Conremporary Abstract Algebra (4 Edition), Narosa Publishing House,
Mew Delhi, 1990,
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Vi4 Linear Programming and Theory of Games

" Total Marks: 100

Theory: 75

Infernal Assessment: 25

5 Lectures, 1 Tutorial (per week per student)

Introduction 1o linear programming problem, Theory of simplex method, optimality and
unboundedness, the simplex algorithm, simplex method in iablean fonmat, introduction to
arlificial vanables, two-phase method, Big-M method and their comparison.

Reference:

[1}: Chapter 3 (Sections 3.2-3.3, 3.5-3.8), Chapter 4 (Secticns 4.1-4.4).

Duality, formulation of the dual problem, primal-dual relationships, economic jnterpretation of
the dual.

Reference:

[1]: Chapter 6 (Sections 6.1- 6.3).

Transportalion problem and its mathemalical formulation, northwest-comer method least cost
method and Vogel approximation method for determinstion of starting basic solution, algorithm
for solving tramsportation problem, assignment problem and its mathematical formulation,
Hungarian method for solving assignment problem.

Reference:

[3]: Chapter 5 (Sections 5.1, 5.3-5.4),

(rame theory- formulation of two person zero sum games, solving two person zero sum pames,
games with mixed sfralegies, graphical solution procedure, linear programming solution of
SAMES.

Reference:

f2]: Chapler 14.

REFERENCES;

1. Mokhtar S. Bararaa, John J. Jarvis and Hanif D. Sherali, Linear Programming ond
Nerwork Flews {2nd edition), John Wiley and Sons, India, 2004.

2. K. S. Hillier and G. J. Lieberman, friroductior to Operations Research (Sih Edition), Tata
McGraw Hill, Singapore, 2009.

3. Hamdy A. Taha, Operarions Research, An Introduction (8th edition), Prentice-Hall India, 2006.

SUGGESTED READING:
1. G. Hadley, Lirear Programming, Narosa Publishing House, New Delhi, 2002
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SEMESTER VI
VL1 Analysis V

Total marks: 150

Theory: 75

Internal Assessment; 25

Praciieal: 50

5 Lectures, Practical 2,1 Tutorial (per week pes student)

Review of complex plane, sequences and series, connected sets and polygonally connected sels
in the complex plane, sterecgraphic projection, analytic pelynomials, power series, apalytic
functions, Cauchy-Riemann equations, functions €° | sin z and cos z.

Reference:

[1]: Chapter 1, Chapter 2, Chapter 3,

Line integrals and (heir properties, closed curve theorem for entire functions, Cauchy infegral
formula and Taylor expansions for entire funciions, Liouville's theorem and the fundamental
theorem of algebra.

Reference:

[1]: Chapter 4, Chapter 3.

Power seres representation for fumctions analytic in a dise, analylicity in an arbilrary Open set,
uniqueness theorem, definitions and examples of conformal mappings, bilinear iransformations.
Reference:
[1]: Chapter 6 (Sections 6.1-6.2, 6.3 (up to theorem 6.9), Chapter 9 {Sections 9.2, 9.7-
2.8, 9.9 (statement only), 9.10, 9.11 (with examples), 9.13), Chapter 13 {Sections
13.1, 13.2 (up to Theorem 13.11 including examples)).

Fourter series, Plecewise continuous functions, Fourier cosine and sine series, properly of
Fourier coefftients, Fourier theorem, diseussion of the theorem and its corollary.
Reference: [2].

Practical / Lab work {0 be performed on o COmpUter:
Modeling of the following problems using Matlah / Mothematica / Maple etc.

(i} Declaring 2 complex number e.g. z; = 3 + 41, z3= 4 — 71. Discussing their algebra z; + %, 2y —
Zy, 21 = I3, a0d 2 / Zp and then plotting them.

(ir) Finding conjugate, modulus and phase angle of an array of complex numbers, eg., Z=[2+3i

4-2i 6+11i 2-5i]
W
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(i) Compute the integral over a strai ght line path between the two specified end points e.¢.,
Je /12) dz, where C is the straight line path from a + ib to ¢ + id.

(iv) Perform contour integraiton e.g. ¢ Az) dz where ' is the Contour given by eglx, =1
{v) Plotting of the complex functions like A =z,fn) =2, fiz)= ("~ 13", cte.
(vi) Finding the residues of the complex fimetion.

(vi1) Taylor serics expansion of a given function Az} around a given point z, given the number of
terms in the Taylor series expansion. Hence comparing the fimclion and its Taylor seres
expansion by plotting the magnitude of each. For example

(1} /(z) = exp(z) around z = 0, n = 40,
(i} fz) = exp(z") around z = Q, n = 160, ete.

(viii} To perform Laurentz series expansion of a given function f{z) around a given point z, ¢.g.,
fzy=(sinz— 1)z aronnd z =10, A2) = col (z)/=" around z = 0., ete.

(ix) Computing the Fouricr series, Fourier sine series and Fourier cosine series of a funetion and
ploiting their graphs.

REFERENCES:

1. Jaseph Bak and Donald J. Newman, Complex analysis (2™ Lidition), Undergraduate
Texts in Mathematics, Springer-Verlag New York, Inc., New York, 1997.

2. Johr P, D’Angelo, An Iniroduclion to Complex Analysis and Geomelry, American
" Mathematical Sociely, 2010

3. Fourjer Series, Lechire notes published by the Institnte of Life Long Leaming,
University of Delhi, Delhi, 2011.
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V1.2 Algebra V

Total WMarks : 100

Theory: 73

Intemal Assessmeni: 25

5 Lectures, | Tutorial (per week per student)

Properties of external direct products, the group of units modulo n as an external direct produet,
applications of external direct products to data security, public key cryptography, definition and
examples of internal direct products, fundamental theorem of finite abelian groups, definition
and examples of group actions, stabilizers and kemnels of group actions, permutation
Tepresentation associated wifh a given EIOUp acton.

References:

[1]: Chapter 1 (Section 1.7), Chapter 2 (Section 2.2), Chapter 4 (Section 4.1).

[3]: Chapter 8, Chapter 9 (Section on internal direct products), Chapler 11.

Applications of group actions: Cauchy’s theorem, Index theorem, Cayley’s theorem, conjugacy
relation, class equation and consequences, conjugacy in S, p-groups, Sylow’s theorems and
tonsequences. Definition and examples of simple groups, nen-simplicity tesis, composition
series, Jordan-Holder theorem, solvable groups.

References:

[1]: Chapter 3 (Section 3.4, Exercise 9), Chapter 4 (Sections 4.2-4.3, 4.5-4.6).

[3]: Chapter 25.

Normal operators and self-adjoint Operators, unitary and orthogenal operators, matrices of
orthogonal and unitary Operators, rigid motions, orthogonal operalors on #”, conic scetions,
Reference:
[2]: Chapter. 6 (Sections 6.4-6.5].

Primary decomposition theorem, theorem on decomposition into sum of diagonalizable and
nilpotent operator, cyelic subspaces and annihilators, cyclic decomposition theorem, rational
form, invariant factors, Jordan form.

Reference:

[4]: Chapter 6 (Section 0.8), Chapter 7 (Sections 7.1-7.3).

IREFERENCES:
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" Dzvid S. Dummit and Richard M. Foote, Absiract Algebra (2 Edition), John Wiley and
Sons (Asia) Pte. Lid, Singapore, 2003.

2. Stephen H. Friedberg, Arnold J. Insel and Lawrence E. Spence, Livear Algebra (4"

Edition}, Prentice-Hall of India Pvt. Lid,, New Delhi, 2004.

3. Joseph A. Gallian, Contemporary Abstract dlgebra (4" Edition), Narosa Publishing House,

New Delli, 199%.

4. Kenneth Hoffman and Ray Kunze, Linear dlgebra (2™ edition), Pearson Education Inc.,

India, 2005.
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OPTIONAL PAPERS VI3

Optional Paper 1: Discrete Mathematics

Toral Marks: 100

Theory: 75

Intemal Assessment: 25

5 Lectures, | Tutornal (per week per sfudent)

Definition, cxamples and basic properiies of ordered sets, maps between ordered sets, duality
principle, latticcs as erdered sels, lalices as algebraic structures, sublattices, products and
homomorplhisms.

References:

[1]: Chapter 1 (till the end of 1.18), Chapter 2 (Sections 2.1-2.13), Chapter 5 (Sections

5.1-3.11}.

[3]: Chapter 1 (Section 1).

Definilion, examples and properties of modular and distributive lattices, Boolean algebras,
Boolean polvnomials, mimmal forms of Boolean polynomials, Quinn-McCluskey methed,
Kamaugh diagrams, switching circuits and apphcations of swilching circuits.

References:

[1]: Chapler 6.

[3]: Chapter 1 {Sections 3-4, 6), Chapler 2 (Sections 7-8).

Definition, examples and basic properlies of graphs, pseudographs, complele praphs, bi-pariilc
graphs, somorphism of graphs, paths and civcvits, Eulerian circuits, Hamiltonian cycles, the
adjacency matrix, weighted graph, (ravelling salesman’s problen, shortest path, Dijkstra’s
algorithm, Floyd-Warshall algorthn.

Reference:

[2]: Chapter 9, Chapter 10.

REFERENCES:

. B A. Davey and H. A. Priestley, Infroducrion fo Lattices and Order, Cambndge Umversity
Press, Cambndge, 1990,

2. Ldgar G, Goodaire and Michae)l M. Parmenter, Discrete Mathematios with Groaph Theory
{2nd Edition), Pearson Education (Singapore) Pte. Lid., Indian Reprnnt 2003.

3. Rodolf Lidl and Giinter Pilz, Applied Abstract Algebra (2nd Edition), Undergraduate Texts
in Mathematies, Springer (SI1), Indian reprint, 2004,
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Optional Paper 2 : Mathematical Finance

Toral Marks: 100

Theory: 73

Internal Assessmeal: 25

5 Lectures, 1 Tutorial {per week per studeut)

Basic principles: Comparison, arbitrage and tisk aversion, Interest (simple and compeound,
discrete and continuous), Lime value of money, inflation, net present value, internal rate of retum
(calculation by bisection and Newton-Raphson methods), comparison of WPV and IRR. Bonds,
bond prices and yields, Macaulay and modified duration, term structure of interest rates: spot and
forward rafes, explapations of term struchue, running present value, floating-rate bonds,
immunization, convexity, putable and callable bonds.

References:

[1]: Chapter }, Chapter 2, Chapler 3, Chapler 4,

Asset return, shorl selling, portfolio retum, (brief iptreduction to cxpeclation, variance,
covariance and correlation), random retums, portfolio nean returm and variance, diversification,
portfolio diagram, feasible set, Markowitz model (review of Lagrange multipliers for 1 and 2
constraints), Two fund theorem, rigl free assels, One fund theorenl, capilal market line, Sharpe
index. Capital Asset Pricing Model (CAPM), betas of stocks and portfolios, security market line,
use of CAPM in investment analysis and a5 a pricing formula, Jensen’s index.

References:

[1]: Chapter 6, Chapter 7, Chapler 8 (Sections B.5--8.8).

[3]: Chapler 1 (for a quick review/description of expectation cte.)

¥orwards and fulores, marking to market, valve of a forward/futures contract, replicating
portfolios, futures on assets with known income or dividend yield, currency futures, hedging
(short, long, cross, rolling), optimal hedge ratio, hedging with stock index futures, interest rate
futures, swaps. Lognormal distribotion, T.ognormal model / Geometric Brownian Motion for
stock prices, Bmomial Tree model for stock prices, perameter estimation, comparison of (he
models, Options, Types of eptions: put / call, European { American, pay off of an oplion, factors
affccting option prices, put call party.

References:

[1]: Chapier 10 (except 10.11, 10.12), Chapter 11 (except 11.2 and 11.8)

[2]: Chapter 3, Chapter 5, Chapler 6, Chapler 7 (except 7.10 and 7.11), Chapler 8.

Chapter 9 -

[3]: Chapler 3
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REFERENCES:

1. David G. Lucnberger, Juvestment Science, Oxford University Press, Delhi, 1998.

2. John C. Hull, Options, Futures and Other Derivatives (6th Edition), Prentice-Hall India,
Indian reprint, 20086.

3. Sheldon Ross, dn Elementary Imtroduction fo Mathematical Finonce (2nd Edition),
Cambridge University Press, USA, 2003.
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Optional Paper 3 : Mechanics

Total Marks: 100

Theory: 75

Internal Assessment: 25

5 Lechures, 1 Tutorial (per week per student)

Moment of a force aboul a point and an axis, couple and couple moment, Moment of a couple
aboul a line, resullant of & force system, distributed [orce syslem, free body diagram, free body
involving interior sectioas, general equations of equilibrium, rwo point equivalent loading,
problems arising from structures, static indeterminacy.

Reference:

[1]: Chapter 3, Chapter 4, Chapter 3.

Laws of Coulomb Friction, application to simple and complex surfacc contact friction problems,
{ransmission of power through belts, screw jack, wedge, first moment of an area and the
centroid, other centers, Theorem of Pappus-Guldinus, second moments and the product of area of
a planc arza, fransfer theorems, relation between sceond moments and products of area, polar
moment of area, prncipal axes.

Reference:

[1]: Cbapter 6 (Sections 6.1-6.7), Chapler 7

Conservative force ficld, conservaiion for mechanical energy, work energy equaiion, kinelic
energy and worl kipetic energy expression based on center of mass, moment of momenturn
equation for a single particle and a system of particles, translation and rotation of rigid bodies,
Chaslcs’ theoremn, ceneral relationship between fime derivatives of a vector for diffcrent
refercnces, relationship hetween velocities of a particle for different refercoces, aceeleration of
particle for different references.

Rejerence:

[1]: Chapter 11, Chapter 12 (Sections 12.5-12.6), Chapter 13.

REFERENCES:

1. 1 H. Shames and G. Krishna Mohan Rao, Engineering Mechanics: Statics and Dymamics
(4" Edition), Dorling Kindersley (India) Pvt. Ltd. (Pearson Education), Dethi, 2009.

7 R.C. Hibheler and Ashok Gupta, Engineering Mechanics: Statics and Dynamics (1"
Edition), Dorling Kindersley (India) Pvt. Lid. (Pearson Education), Delhi.
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Optional Paper 4 : Number Theory

Total Marks: 100

Theory:; 75

Inlernal Assessment; 25

5 Lectures, I Tulonal (per week per student)

Linear Diophantine equalion, prime counting function, statement of prime number theorem,
Goldbach conjecture, linear congruences, complete set of residues, Chinese remainder theorem,
Fernmal’s lidie theorem, Wilson's thearem.

References:

[1]: Chapter 2 (Section 2.5}, Chapters 3 (Section 3.3), Chapter 4 (Sections 4.2 and 4.4),

Chapter 5 (Section 5.2 excluding pseudoprimes, Section 5.3).

[2]: Chapler 3 {Section 3.2).

Number theoretic functions, sum and number of divisors, totally multiplicative functions,
definifion and properties of the Dairichlet product, the Mobius inversion formula, the greatest
integer [unciion, Evler’s phi-function, Euler's theorem, reduced set of residues, some properlies
of Euler’s phi-Aanction.

References:

[1]: Chapter 6 (Sections 6.1-6.3), Chapter 7.

[2]: Chapter 5 (Section 5.2 (Deflimition 3.5-Theorem 5.40), Secciion 5.3 (Theorem

5.15-Theorem 5.17, Theorem 5.19)),

Order of an mteger modulo #, primilive roots for primes, composite numbers having primitive
1ools, Euler’s criterion, the Legendre symbol and its properties, quadratic reciprocily. quadratic
congrucnces with composite moduli. Public key encryplion, RSA encryption and decryption, the
equation 2+ y1= zz, Fermal’s Tasl Theorem.

Reference:

[1]: Chapters § {(Sections §.1-8.3), Chapier 9, Chapter 10 (Scction 10.1), Chapter 12.

REFERENCES:

1. David M. Burion, Efementary Number Theory {6th Edition), Tata McGraw-Hili Edition,
Indian reprint, 2007.

2. Neville Robinns, Beginning Number Theory (2nd Edition), Narosa Publishing House Pvi.
Limited, Delhi, 2007.
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