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;ln athematics will b of 100 marks and have an examination of 3 hOUrl;ape, of

f the course

ctured programme in BA (Hons. )/
ured programme wil| be knowp, a

e da restru i

The new restrll“_terion for the new rest c((*:lons. )
: <sjon cri ructy '

e admiss! red Progy 0ns_)

s for the previous BA (Hons.)/ B.Sc (Hons,) Ma:}?]me wil]
emati(:s

Structure 0
(a) B.Sc (Hons) Mathematics I year

Paper I: Calculu§
Paper II: Analysis I
Paper IIL: Algebra

Along with the above mentioned papers, a student will have to opt fo; thy

courses from disciplines other than Mathematics. A student will have to Chgoee
one course each from Credit Course L, Credit Course Il and Qualifying C our::
The marks of Credit Course I and Credit Course Il shall count in the fing] feSllli

of the student.

Credit Course I

(i)  Ethicsin Public Domain

(i) Environmental Issues in India

(iii) Reading Gandhi

@) TheIndividual and Society

(v)  Hindi Language, Literature and Culture
(vi) Gender and Society

(vii) Financial Management

(vii) Chemistry

(ix) Physics-1

Note: (a) Coutses (i)-(vi) are the interdisciplinary courses of the BA (Hons)
Programme,

(b) C‘nurse (vii) is the elective coutse BL 210 (vi) of B.S¢ Programme

(e) Coutse (viii) s the Papet V being taught in First year Physics (Hons)

® 5?:"1:;’ (ix) s the Paper V being taught in First year Chemistr



Credit Course 1l

() English
(n) Hindi
(ii)) Sanskrit
(iv) Chemistry
(v) Physics-1

Note: (a) Courses (i)-(iii) are the language credit courses of the BA (Hons)
Programme.
(b) Course (iv) is the Paper V being taught in First year Physics (Hons).
(c) Course (v) is the Paper V being taught in First year Chemistry
(Hons).

Qualifying Course

(i) English (Higher)
(i) English (Lower)
(i) Hindi (Higher)
(iv) Hindi(Lower)
(v) Sanskrit
(vi) Chemistry (Lab)
(vii) Physics (Lab)
Note: (a) Courses (i)«(v) are the language qualifying courses of the BA (Hons)
Programme.
(b) Course (vi) is the Paper VIII being taught in First year Physics (Hons).
For students of Maths (Hons), only six out of the twelve experiments
will have to be done. These experiments may be selected at the

college level.
(c) Cotirse (vii) is the Lab 11 being conducted in First year Chemistry

(Hons).

MARKS:

* Each of the Credit 1, Credit 1l and Qualifying courses are of 50 marks: annual
examination 38 marks, internal assessment 12 tarks.

* The pass tark for the credit courses is 40 percent.

+ 'The pass tatk for the qualifying courses is 36 petcetit. A student has to pass
It the qualifylng coutse to be eligible for an Hotots degree. Howevet, the
intke 1t this course will tot be counted in the final division awarded.

¢ firtetnal nesessments will be held for the credit courses but not for the qualifying

colirae,



NUMBER OF LECTURES:

* Two hours per week or two classes for Credit Course I (i)~(vii), Credit Courge
11 (i)-(iii) and Qualifying Course (i)-(v). For each of the credit courses, ope
tutorial will be held fortnightly for students.

* Three hours per week or three classes for Credit Course 1 (viii)-(ix), Credit
Course II (iv)-(v) and Qualifying Course (vi)-(vii).

RULES:

* Every student must opt for at least one language. It can either be a credit
course or a qualifying course. If they are opting for a language in both the
credit as well as the qualifying course then these cannot be the same

languages.

* A student offering Chemistry/ Physics-I as Credit Course I will not be allowed
to offer the same as Credit Course II.

* A student will be allowed to take Chemistry (Lab)/ Physics (Lab) as a
qualifying course if they have opted for Chemistry/Physics-I respectively as

a credit course.
(b) B.Sc (Hons) II year

Paper IV : Differential Equations and Mathematical Modeling I
Paper V. : AnalysisIl
Paper VI : C++ Programming and Numerical Methods

Paper VII : Algebra Il

Along with the above mentioned mathematics paper a student will have to opt
for two courses from Credit Course I1I. These courses are from disciplines
other than mathematics. In those subjects where mote than one course is offered,
the student shall opt for one of the course. The marks of Credit Course 111 shall

count in the final result of the student.
Credit Course 111

() Psychology for Living

(i)  Hindi Literature

(i)~ Modern Indian Literatute, Poetns and Shott Stoties; Novel or Play
(R '
Ciltural Diversity, 1inguistic Plurality and Literaty Traditions in Indig

vy Formal Lople/ Syimbolic | opie
(1



(V)
(vi)

(vii)

(viii)

(ix)
(x)
(xi)
(xii)
(xiii)
(xiv)

Note:

Readings in Western Philosophy
OR

Theory of Consciousness
Citizenship in Globalizing World
Culture in India: a Historical Perspective
OR

Delhi: Ancient, Medieval and Modern
OR

Religion and Religiosity in India
OR

Inequality or Difference in India
Sociology of Contemporary India
Principles of Geography

OR

Geography of India

Principles of Economics
Financial Accounting

Green Chemistry

Biotechnology

Physics- II

Biophysics

(a) Courses (i)-(ix) are the discipline centred 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

(Hons).

(d) Course (xiv) is the Paper XXII (Option 2) being taught in Third

year Physics (Hons).

MARKS:

* Bach course carries 50 marks: annual examination 38 marks, internal

assessments 12 marks,
* The pass mark is 40 percent.

NUMBER OF LECTURES:

* ‘Two houts per week ot two classes for courses (i-xii). For each of these
styiirgen, onehitorial will be held fortnightly for stidents.

¥ Fhivee lioire per week for cotitses (xiil-xiv).

<X



(c) B.Sc (Hons) III year

Paper VIII : Differential Equations and Mathematical Modeling 11
Paper IX : Probability and Statistics

Paper X : Algebralll

Paper XI . : AnalysisIll

Paper XI1 : Optional (one of the following)

(i) Applications of Algebra

(i1) Discrete Mathematics

(iin) Mathematical Finance

(iv) Number Theory and Cryptography
v) Optimization

Note: Each college will offer at least two optional courses



Paper I: Calculus

Total marks: 100 / [519
Theory: 75

Internal assessment: 25

5 Lectures, 1 Tutorial (per week per student)

/) ) 7 }’D

Review of inverse functions, hyperbolic functions, higher order derivatives,
Leibniz rule and its applications, concavity and inflection points, asymptotes,
I’Hopital’s rule, optimization procedure, Fermat’s principle of optics and Snell’s
law, applications in business, economics and life sciences.

References:

[1]: Chapter 1 (Section 1.3), Chapter 4 (Sections 4.3-4.7 (from page 124)).
[2]: Chapter 3 (page 197), Chapter 7 (Section 7.8 (pages 509-512)).
[3]: Chapter 2 (Exercise 26, page 205).

Review of coordinates and vectors in R3, graphs of spheres and cylinders in
R3, triple product, parametric equations, parameterizing a curve, lines in R3,
forms of equations of a plane in R3, introduction to vector functions, operations
with vector-valued functions, limits and continuity of vector functions,
differentiation and integration of vector functions, tangent and normal
components of acceleration, modeling ballistics and planetary motion, Kepler’s
second law.

References:
[1]: Chapter 9 (Sections 9.1, 9.3 (up to page 468), 9.4-9.5), Chapter 10.

Review of definition of conic sections, standard forms of parabolas, ellipses
and hyperbolas, reflection properties of conic sections, rotation of axes and
second degree equations, classification into conics using the discriminant, polar
equations of conics, sketching conics in polar coordinates, traces of surfaces,
quadric surfaces, techniques of graphing quadric surfaces, translation of quadric
surfaces, reflections of surfaces in 3-spaces, technique for identifying quadric
surfaces.

References:
|2): Chapter 11 (Sections 11.4-11.6), Chapter 12 (Section 12.7).

Futietiots of severdl variables, level curves and sutfaces, graphs of functions
of twos vittlbles, limits and continuity of futictions of two and three teal varinbles,
prrtial differentistion (two varinbles), partisl derivative ns o slope, partial

!



derivative as a rate, higher order partial derivatives (notion onl.y'), equalit)./ of
mixed partials, tangent planes, approximations and differentiability, sufficient

condition for differentiability (statement only), chain rule for one anq two
independent parameters, illustration of chain rule for a function of three variables

with three independent parameters, directional derivatives and the gradient,
extrema of functions of two variables, least squares approximation of data,
method of Lagrange multipliers, constrained optimization problems, Lagrange

multipliers with two parameters.

'References:

[1]: Chapter 11.

Singular points, curvature, cylindrical and spherical coordinates, equations of
surfaces in cylindrical and spherical coordinates, curve tracing in Cartesian

coordinates, curve tracing in polar coordinates.

References:

[1): Chapter 4 (Section 4.4 (page 145)).
[2]: Chapter 4 (Section 4.3), Chapter 11 (Section 11.1), Chapter 12 (Section

12.8),

Chapter 13 (Section 13.5).

Reduction formulae, derivations and illustrations of reduction formulae of the
type +”sinn x dx, +’cosn x dx, +"tann x dx, +”sech x dx, +”(log x)n dx, +"sinn
x cosm x dx, volumes by slicing, disks and washers methods, volumes by
cylindrical shells, arc length, arc length of parametric cutves, finding arc length
by numerical methods, surface of tevolution, surface area, work, modeling fluid
pressute and force, modeling the centroid of & plane region, volume theorem of

Pappus.
References:

[2]: Chapter 8 (Sections 8.2-8.3 (pages 532-538)).
[3]: Chapter 5 (Sections 5.2-5.6, 5.8-5.10).

f se of computer aided sofiware for example, Matlab/ Mathematica/ Muaple
MuPad/vvxMaximia in identifving the singular points, points of inflecrion

e trdeing of eurves



References:

I. M.J. Strauss. G L. Bradley and K. J. Smith. Calcuius (3rd Edition), Dorling
Kindersley (India) Pvi. Ltd. (Pearson Education). Delhi. 2007,

2. H.Anton, 1. Bivens and S. Davis. Calcu/us (7th Edition), John Wiley and
Sons (Asia) Pvt. Ltd.. Singapore. 2002.

3. G B. Thomas, Jr. and R. L. Finney. Calculus- Calculus and Analytic
Geometry (9th Edition), Pearson Education, India. 2005.
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Paper 11: Analysis I

Total marks: 100

Theory: 75

Internal assessment: 25

5 Lectures, 1 Tutorial (per week per student)

The algebraic and order properties of R, suprema and infima, the completeness

property of R, the Archimedean property, density of rational numbers in R,
characterization of intervals, neighborhoods, open sets, closed sets, limit points
of a set, isolated points, closure, complements, nested intervals, Cantor intersection

theorem for nested intervals, uncountability of R.

References:
[1]: Chapter 2 (Sections 2.1-2.4, 2.5 (up to 2.5.4)), Chapter 11 (Section 11.1
(upto 11.1.6 and 11.1.8)).

Sequences, limit of a sequence, convergent sequences, limit theorems, monotone
sequences, monotone convergence theorem, subsequences, convergence and
divergence criteria, existence of monotonic subsequences, Bolzano-Weierstrass
theorem for sequences and sets, definition of Cauchy sequence, Cauchy’s
convergence critetion, limit superior and limit inferior of a sequence.

References:

[1]: Chapter 3 (Sections 3.1-3.6).
[3]: Chapter 2 (Sections 10.6-10.7).

Definition of infinite series, sequence of partial sums, convergence of infinite
series, Cauchy criterion, absolute and conditional convetgence, convergence
via boundedness of sequence of partial sums, tests of convergence: compatison
test, limit compatison test, ratio test, Cauchy's nth root test (proof based on limit

supetior), integtral test (without proof), alternating seties, Lelbniz test.

References:

[2]: Chapter 9 (Sections 9.1, 9.18).
[3]: Chapter 2 (Sections 14.9-14.10, 15).

Liiits of functions, sequential eritetion for limits, divetgence ctitetia, review of
it theoretis and one-sided limits, continuous futictions, sequential criterion
fust sttitinuily, discottinuity etitetion, Ditichlet’s nowhete coitinuous Runction
(lsttations), combinations of cottinious funetiots and compositions il
et iiong fiietons, continions fnetions on inteivals, boundediess theorem,

10



the maximumminimum theorem, location of roots theorem, Bolzano’s intermediate
value theorem, intermediate value property, preservation of interval property

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

Uniform continuity, uniform continuity theorem, differentiation, derivative

combinations of differentiable functions, Caratheodory theorem, chain rule’
derivative of inverse functions, interior extremum theorem, intermediate value,
property for derivatives (Darboux’s theorem), review of Rolle’s theorem, mean
value theorem, Cauchy’s mean value theorem. '

References:
[1]: Chapter 5 (Section 5.4 up to 5.4.3), Chapter 6 (Sections 6.1-6.2,6.3.2).

Taylor’s theorem with Lagrange and Cauchy form of remainders, binomial series
theorem, Taylor series, Maclaurin series, expansions of exponential, logarithmic
and trigonometric functions, convex functions, applications of mean value
theorems and Taylor’s theorem to monotone functions.

References:

[1]: Chapter 6 (Sections 6.4 (up to 6.4.6)), Chapter 9 (Section 9.4 (page 27 1)).
[3]: Chapter 5 (Sections 31.6-31.8).

Use of computer aided software for example, Matlab/ Mathematica/ Maple/

MuPad/ wxMaxima for Taylor and Maclaurin series of sin x, cos x, log
(14x), ex, (1+x)n, maxima and minima, inverse of graphs.

References:
{, R.G.Bartleand D. R. Sherbert, Introduction to Real Analysis (3td Edition),
John Wiley and Sons (Asia) Pte. Ltd., Singapore, 2002.

n V. Limaye, A Course in Caleulus and

7. Sudhir R, Ghorpade and Balmoha
Springer (SIE), Indian

Real Analysts, Undetgraduate Texts in Mathematics,
reprint, 2006.
1. K. A. Ross, Elementary analysis: the theory of ealeulus, Undetgraduate

L

Tuxts i Mathematics, Spriniger (815), Indian reprint, 2004.



Paper I1L: Algebra 1

Total marks: 100

Theory: 75 .
inernal assesstmen: |2?per week per student)

5 Lectures, | Tutoria | |
bers, geometrical representation of a4 dit;
DireC“’;fi : (:)'Pfili:(ctzzn:omplex numbers, De Mowre’s theore'm for ::lrtli ::d
'sub.trac lOd its applications, complex roots of unity, the Argand dlagram’ Cimal
indices a.“ht lines. statement of the fundamental theorem. of algebyr, s
and straig ) about occurrence of repeated roots, irratiopa] oot al

sults )

consequences, e : . fution betw fig
relation between roots and "

complex roots, Descarte’s rule of signs, Coefﬁclents

for any polynomial equation.

References: [4].

Sets, binary relations, equivalence .relations, congruence rela.lti()n betwee,
integers, finite product of sets, funct10ﬂ53 °°mP°Sft1°ﬂ Of. func.tlons, bijective
functions, invertible functions, introduction of finite and llnﬁn.lte sets throy
correspondence, binary operations, princfiple of lpamematlca] induction, wj).
ordering property of positive integers, division algorithm, statement of ﬁ‘"damental

theorem of arithmetic.

References:

[1]: Chapter 0.

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

Symmetry of a square, dihedral groups, definition and examples of groups

inicluding permutation groups and quaternion groups (illustration through matrices),

elementary properties of groups, subgroups and examples of subgroups,

centralizer, normalizer, center of a group, cyclic groups, generators of cyclic

groups, classification of subgroups of cyclic groups.

References:

[1]: Chapters 1, Chapter 2, Chapter 3 (including Exetcise 20 on page 66 and
Exetcise 2 on page 86), Chapter 4, Chapter 5 (till the end of Example 3).

Definition and examples of Higs, propetties of Hings, subrings, integral domains,
definition and examples of fields.

12



References:
[1]: Chapter 12, Chapter 13 (till the end of Example 10).

Systems of linear equations, row reduction and echelon forms, vector equations
the matrix equation Ax =b, solution sets of linear systems, applications oflinea;
systems, linear independence, introduction to linear transformations, the matrix
of a linear transformation, inverse of a matrix, characterizations of invertible
matrices, partitioned matrices, subspaces of Rn, bases and dimension of
subspaces of Rn.

References:

[3]: Chapter 1 (Sections 1.1-1.9) and Chapter 2 (Sections 2.1-2.4, 2.8-2.9).

Vector Spaces over R or C, the vector space Cn over C, subspaces, null space,
column space, linear transformations, linearly independent sets and basis,
coordinate systems, dimension, rank, change of basis, application to Markov
chains, eigenvalues and eigenvectors, characteristic equation.

References:
[3]: Chapter 4 (Sections 4.1-4.7, 4.9), Chapter 5 (Sections 5.1-5.2).

Using computer aided software for example, Matlab/ Mathematica/ Maple/
MuPad/wxMaxima for operations of complex numbers, plotting of complex
numbers, matrices, operations of matrices, determinant, rank, eigenvalue,

eigenvector, inverse of a matrix, solution of system of equations.

References:

1. Joseph A. Gallian, Contemporary Abstract Algebra (4th Edition), Narosa
Publishing House, New Delhi, 1999.

2. Edgar G. Goodaire and Michael M. Parmenter, Discrete Mathematics with
Graph Theory (2nd Edition), Peatson Education (Singapore) Pte. Ltd., Indian

Reprint, 2003.

3, David C. Lay, Linear Algebra and its Applications (3rd Edition), Pearson
Fducation Asla, Indian Reprint, 2007.

A, Complex numbers and theory of eqalions, |lectute notes published by the
Iatitite of Life Long Learning, University of Dellii, Delhi, 2008.

1
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. . 1d Mathematical Mo,
Paper Iv: Differentlal Equations ar 10, ’dt"ngl
i SO 0)’“ ~9

Total marks: LOO 5
Theory: 70 1
Internal assessment: 30 (15 for e
4 Lectures, | Practical, 1 Tutorid (p
athematical models, order and degree

i tial equations and mathel - ; i
D';’tf“ferzlt]ial eq:elltion, exact differential equations and integrating factorg - &
differe ible second order differential equationg, genl

. ' tions, reduci

order differential equations, T¥570 .
) tion of second order principle of sy o

solution of homogeneous equatl ’ PeTpositiq,

for a homogeneous equation, wronskiaq, its propemes. and application
der differential equations to acceleration-velocity modesf

lication of first or . .
ergwth and decay model, applications of second order differential equationg t<;

mechanical vibrations.

r theory and 15 for practicals)
r week per student)

References:

[2]: Chapter 1 (Sections 1.1, 1.4, 1.6), Chapter 2 (Section 2.3), Chapter 3
(Sections 3.1, 3.2, 3.4).

[3]: Chapter 2.

Introduction to compartmental models, lake pollution model (with case study of

Lake Burley Griffin), drug assimilation into the blood (case of a single cold pill
case of a course of cold pills, case study of alcohol in the bloodstream)’

exponential growth of population, limited growth of population, limited growt
with harvesting, discrete population growth and chaos, logistic equation with

time lag.
References:

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

Linear homogeqeous and non-homogeneous equations of higher order with
constant coefﬂcnents, Euler’s equation, method of undetermined coefficients,
method of variation of parameters, application to projectile motion.

References:
12]: Chapter 3 (Sections 3.3,3.5:3.6).

Equilib 5, i
quitibrium points, interpretation of the phase plate, predator-prey model i

S ATATYSI18, competing species and it _
_ _ X Bt s atalysis, epl [ i
Ita atialyais, bitttle miodel i its analysis PENEESRRITERMoF S



References.
[1]): Chapter 5 (Sections 5.3-5.4, 5.6-5.7), Chapter 6

wer seri i . )
gc;ssel,se:es st(?lutlon about an ordinary point, solution about a singular point
qua l_On .and L.eg.endre’s equation, Laplace transform and ; e
transform, application to initial value problem up to second order inverse

References:

[2): Chapter 7 (Sections 7.1-7.3), Chapter 8 (Sections 8.2-8.3).
Practical/ Lab work to be performed on a computer-

Modeling of the following problems using Mathematica/ Maple/ Matlab

(i) Plotting second and third order solution families
(i) Growth and decay model

(iii) Lake pollution model

(iv) Case of asingle cold pill and a course of cold pills
(v) Case study of alcohol in the bloodstream

(vi) Limited growth of population

(vii) Discrete population growth and chaos

(viii) Logistic equation with time lag

(ix) Automated variation of parameters

(x) Predator prey model

(xi) Epidemic model of influenza

(xii) Battle model

References:

| Belinda Barnes and Glenn R. Fulford, Mathematical Modeling with Case
Studies, A Differential Equation Approach Using Maple, Taylor and

Franeis, London and New York, 2002.

7 C. H. Edwards and D. E. Penny, Differential Equations and Boundary
Value Problems: Computing and Modeling, Pearson Bducation, India, 2005.

1. 8. L. Ross, Differential Equations, John Wiley and Sons, India, 2004,



Paper V: Analysis 11

Total marks: 100
Theory: 75

[nternal assessment.: 2>
5 Lectures, 1 Tutorial (pe

inequality of Rie

r week per student)

Riemann integral, basic : mann integral, Rl.emann condition of

integrability, Riemann sum, algebraic and order p}'opertles of the Ricmany

integral, Riemann integrability for continuous functions, monotonic functiopg
) scontinuities, the fundamental theorep, of

and functions with finite number of di |
calculus, consequences of the fundamental theorem of calculus: integratiop by

parts and change of variables, mean value theorem of calculus.

References:
[4]: Chapter 6 (Articles 32-34).

rm convergence of sequence of functions, uniform norm
inuity, uniform convergence and differentiation’
thmic and tri gonometric functions, arbitrary tem;
series of functions, Weierstrass M-test

Pointwise and unifo
uniform convergence and cont
properties of exponential, logari
series, rearrangement of series,
Weierstrass approximation theorem (statement only).

References:
[1]: Chapter 8 (Sections 8.1, 8.2.1-8.2.3, 8.3-8.4), Chapter 9 (Sections 9.1

9.4.1-9.4.6).
?ower series, radius of convergence, Cauchy-Hadamard theorem, improper
!ntegrals, convergence of improper integrals, tests of convergence for improper
integrals, Abel’s and Dirichlet’s tests for improper integrals, Beta and Gamma

funictions and their relations.

References:

[I ]: Chapter 9 (Sections 9.4.7-9.4.13)
[2]: Chapter 9 (Sections 9.4-9.6),

lterat | |
red:t-:f:,,i'::,e ﬁ:‘l@:e(g(i)g:"tle alnd triple), integrals over rectangles and boxes,
over  teglon, mean valu Strl? 8, -Pf(ﬁpertles of double integrals, double inteprals
double and tiple lmegrﬁlq ool Tl" for dnu?le integrals, change of vatiables fot
vollite. HHas, te ‘_; Als, applications of multiple integrals to average vilue,
 Mhaag, cenitre of mass for reions ih plate, moment of inerin

I



References:
[3]: Chapter 5.

Definition of a !ine integral, differential form notation of a Jine ; _

integrals.of gradient fields, independence of parametrization lixlzei:nltl;tegrlal, line
geometric curves, integrals of scalar functions along p,aths ) rgara sta!ong
surfaces, tangen.t plane, area of a surface, integral of a scalar i,"uir)lcti(l,n etrized
surface, surt.'ace.mtegrals, orientation, surface integral for graphs, inde Zn(:iver ‘
of parametrization, application to work, area of a shadow, fluid ;‘low pendence

References:

[3]: Chapter 6.

Green’s theorem, vector form of Green’s theorem, Gauss’ divergence theorem
in the plane, Stoke’s theorem, circulation and curl, Gauss’ theorem, divergence
and flux, Gauss’ law, inter relations of Green’s, Stoke’s and Gauss’ theorem
illustrations to demonstrate that they are higher dimensional version of the,:
fundamental theorem of calculus.

References:
[3]: Chapter 7.

Use of computer aided software for example, Matlab/ Mathematica/ Maple/
MuPad/ wxMaxima for applications of multiple integrals to average value,
volume, mass, centre of mass for regions in a plane, moment of inertia,

work, area of a shadow, fluid flow.
References:

1. R.G. Bartleand D. R. Sherbert, Introduction to Real Analysis (3rd Edition),
John Wiley and Sons (Asia) Pte. Ltd., Singapore, 2002.

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

reprint, 2006.

1. ). B. Marsden, A. J. Tromba and A. Weinstein, Basic multivariable
caleulus, Springer (SIE), Indian reptint, 2005.

A, K. A, Ross, Elementary analysis: the theory of calenlus, Undetgraduate
Texta It Matheiatics, Springet (SIE), Indian reptint, 2004,

|7



Paper VI: C++ Programming and Numerical Methods

Total marks: 100
Theory: 50

Practical: 25 .
Internal assessment: 25 (15 for theory and 10 for practicals)

4 Lectures, 2 Practicals (per week per student), 1 Tutorial (per fortnight per
student)

Note: Maximum number of students allowed per batch for the practicals shall
be 25. There will be one external examiner and one internal examiner

for the practical examination. The duration of the practical examination
will be 3 hours.

Introduction to structured programming: data types- simple data types, floating
data types, character data types, string data types, arithmetic operators and
operator precedence, variables and constant declarations, expressions, input
using the extraction operator >> and cin, output using the insertion operator <<
and cout, preprocessor directives, increment(++) and decrement operations
(—), creating a C ++ program, input/output, relational operators, logical operators
and logical expressions, if and if ... else statement, switch and break statements.

References:

[4]: Chapter 2 (pages 24-91), Chapter 3 (pages 96-137), Chapter 4 (pages
146-200).

“for”, “while” and “do — while” loops, break and continue statement, nested

control statement, value returning functions, void functions, value versus

reference parameters, local and global vatiables, static and automatic variables,
enumetation type, one dimensional array, two dimensional array, character array,

pointer data and pointer variables.
References:

[4]: Chapter 5 (pages 204-265), Chapter 6, Chapter 7 (pages 273-368), Chapter
8 (pages 374-416), Chaptet 9 (pages 424-465), Chapter 13 (pages 686-
696).

Remark: ‘The emphasis for C-++ progratiming should be more on practioals
tather thah the theoty.

Hiseetion method, Mlse position method, Newton's method, sesant iethod, rate
bl vostverpenee, 1L decotposition, Cholesky methods, eror analysts, condition

I



aumber, error estimate, ill conditioned system Gau
’ SS

GOR iterative methods. ~Jacobi, Gauss-Siede] ang

pevelopment of programs for the above methogs wi
. 3 S i 1
cirouits, nput-output model for a i1 eCOnom;vnh applications to electrical

References:

1): Chap.ter 1 (Section 1.2), Chapter 2 (Sect
(Sections 3.4-3.5,3.7-3.8, pages 164.16¢ ;ns 2.1-22, 2.4-2.5), Chapter 3

Lagrange and Newton interpolation: linear and h; L
operators and interpolating polynomials using ﬁnig g?;f::g:;:‘lmte difference

Development of programs for the above methods with

of water and spread of an epidemic. applications to properties

References:

3] Chapter 4 (Sections 4.3,4.4 up to Gregory Newton Back i -
[1]: Chapter 5 (Sections 5.1, 5.3, overview). n Backward interpolation)

Numerical differentiation: forward difference, backward difference and central

difference. Integration: trapezoidal rule, Simpson’s rule IVP of ODE: Euler’s
method. '

References:
[1]: Chapter 6 (Sections 6.2, 6.4), Chapter 7 (Section 7.2).

Language programs and Numerical programs of the following (and similar)
type have to be done:

i, Calculate the sum 1/1+1/2+1/3+ 1/4 + +1/N.

i, Read floating point numbers and computes two averages: the:average of
negative numbers and the average of the positive numbers.

li. Logical ( i.e. Boolean ) valued function which takes a single integer
parameter and returns “ True * if and only if the integer is a prime number
between 1 and 1000.

v, User defined function to find the absolute value of an integer.

V. Cenetate a random number between 0 and 99.
vl Function “print...pyramid(..)"” which takes a single Integet argument
“helht" and displays a “pyramnid”of this helght made up of “*" characters

i the sereen.

|0
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. ) ] write ¢ ++ function (and a corresponding
Using tw:) Luze:;tﬂal :::l:pliﬁ an m x n matrix of integers by ap p, X
r matrix of intTE;:-dm base using two dimensional arrays.
Toctw(t)cb‘fmp illtomlmmyal,dsortthemmzmasc:endmgorder.
Enter 100 integers and then search for a particular integer i

the array. .
Readﬁ:matextﬁleandwnmmawaﬂle.

use of enumeration.

liTm ﬁnding:;hods-Newmnandem-
LU decomposition and Cholesky methods.
Gauss-Jacobi and Gauss-Siedel method.

and Newton Interpolation
LG?eg“g;geNewmnBackwrdmd forward interpolation.
Simpson’s rule.
Euler’s method.

Some part of the project work might consist of the programs of the following

type:

» Find roots of a second degree polynomial.

* Enter 10 integers into an array and print the largest of them.
» Bisection, false position.

* SOR iterative methods.

* Trapezoidal rule.

Reference:

1.

2,

B. Bradie, 4 friendly introduction to Numerical Analysis, Pearson
Education, India, 2006.
C. F. Gerald and P. O. Wheatly, Applied Numerical Analysis, Pearson
Education, India, 2005.

M. K. Jain, S. R. K. Iyengar and R. K. Jain, Numerical methods for
scientific and engineering computation, New age International Publisher,

India, 2003.

D. 8. Malik, C++ Programming: Program design including data
{;;!X:mres (2nd Edition), Thomson Course Technology, Thomson Press,
42004,
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Paper VII: Algebra 11

Total marks: 100

Theory: 75
|nternal assessment: 25

5 Lectures, | Tutorial (per week per student)

Cycle notation for permutations, properties of permutations, even and odd

ermutations, alternating group, a Check-Digit Scheme based on the dihedral
group 5 D , product (HK) of two subgroups, definition and properties of cosets
Lagrange’s theorem and consequences including Fermat’s Little theorem, ar;
application of cosets to permutation groups, the rotation group of a cube and a
soccer ball, definition and examples of the external direct product of a finite
number of groups, normal subgroups, factor groups, applications of factor groups
to the alternating group A4, commutator subgroup.

References:

[2]: Cha‘pter 5, Chapter 7 (including Exercises 3, 6 and 7 on page 168), Chapter
8 (till the end of Example 2), Chapter 9 (till the end of Example 13 and
including Exercise 52 on page 188).

Definition and examples of homomorphisms, properties of homomorphisms,
definition and examples of isomorphisms, Cayley’s theorem, properties of
isomorphisms, Isomorphism theorems I, II and III, definition and examples of
automorphisms, inner automorphisms, automorphism and inner automorphism
group, automorphism group of finite and infinite cyclic groups, applications of
factor groups to automorphism groups, Cauchy’s theorem for finite abelian
groups.

References:

[2]: Chapter 6, Chapter 9 (Theorems 9.3-9.5), Chapter 10.

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
homomorphisms, isomorphisms, Isomorphism theorems 1, 11 and I1I, field of

quotlents.

References:

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

Defitition of polynomial tigs over commutative rings, the division algorithm

2



domains, factorization of polynomig),

principal ideal B, VO . |
ducibility tests, Eisenstein criterion, unique factorizatiop j,

e factorization to weird dice, divisibility in i"‘egral
ue factorization domains, Euclidean domajp,

and consequences
reducibility tests, IF€

Z[x], an application of uniqu

domains, irreducibles, primess uniq

References:
r18.

[2]: Chapter 16, Chapter 17, Chapte
Vector spaces, subspaces, algebra of subspaces, quotient spaces, lingy,
:mbinations and systems of linear equations, l}near span, lmear' independen e
;asis and dimension, dimensions of subspaces, linear _transfo.rmatlons, null spage
Ility of linear transformations, matrix of a linear transformatiop

range, rank and nu : : : i
alggbra of linear transformations, isomorphism, Isomorphism theorems,

invertibility and isomorphisms, change of basis.
References: :
[1]: Chapter 1 (Sections 1.2-1.6), Chapter 2 (Sections 2.1-2.5).

Dual spaces, dual basis, double dual, transpose and its matrix in the dual basis,
annhilators, eigenvalues and eigenvectors, characteristic polynomial,
diagonalizability, invariant subspaces and the Cayley-Hamilton theorem, the
minimal polynomial for a linear transformation. _

References:
[1]: Chapter 2 (Section 2.6), Chapter 5 (Sections 5.1-5.2, 5.4,7.3).
References:

1. Stephen H. Friedberg, Armold J. Insel, Lawrence E. Spence, Linear Aigebra
(4th Edition), Prentice-Hall of India Pvt. Ltd., New Delhi, 2004,

2. Joseph A. Gallian, Contemporary Abstract Algebra (4th Edition), Narosa
Publishing House, New Delhi, 1999,
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paper VIIL: Differential Equations and Mathematical Modeling 11
b

Total marks: 100

Theory: 75
Internal assessment: 25

5 Lectures, 1 Tutorial (per week per student)

Introduction, classification, construction and geometrical j '
order partial differential equations (PDE), method of characteristic an(:;]g(:;nz:::

solution of first order PDE, canonical form of first ord
: , er PL
separation of variables for first order PDE, r PDE, method of

References:

[2]: Chapter 2.

Mathematical modeling of vibrating string, vibrating membrane, conduction of
heat in solids, gravitational potential, conservation laws and Burger's equations,
classification of second order PDE, reduction to canonical forms, equations
with constant coefficients, general solution. |

References:
[2): Chapter 3 (Sections 3.1-3.3, 3.5-3.7), Chapter 4.

Cauchy problem for second order PDE, homogeneous wave equation, 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.

References:

[2]: Chapter 5.

Method of separation of variables for second order PDE, vibrating string problem,
existence and unigueness of solution of vibrating string problem, heat sonduction
problem, exlstence and uniqueness of solution of heat conduction problem, Laplace
and beam equation, non-homogeneous problem.

References:
12]: Chaptet 7,

Motite Clo Bimulation Modelings slmulating detetministic behavior (area \ihder
o eiirve, voluime under a suriee), Generating Randotn Nuthberst iiddle syuare
ethod, {nenr songruence, Queuing Modelst hatbor systet, et Fish o,
| ot Progenttimng Modelt aligebrale solution, slinplex ethod.

"



Reference.s':

[3): Chaptef 5 (Sections ), Chapter 7 (Sections 7.3-7.5),

5.1-5.2

d subgraphs, vertex degree, paths and

blem, social networks, eXploricnyCIes’
gang

Graphs, diagraphs networks an
applications to dominoes, g

S, diagry
m

regular and bipartite graphs, .four'cube pro
traveling, Eulerian and Hamiltonian graphs,
tracing puzzles, Knight’s tour problem, gray codes.

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

Remark: Chapter 1 (Se
(Sections 3.1-3.3) are t0

models on Graph Theory.
Using Computer aided software for example, Matlab/ Mathematica/ Mqp),,
e

MuPadcharacteristics, vibrating string, vibrating membrane, condyc;

of heat in solids, gravitational potential, conservation laws and Bur 101’1

equations, ared under a curve, generating random numbers mo’"inggrerz
’ Uus

hour.

References:

| Joan M, Aldous and Robin J.

Introductory Approach, Springer,
h Debnath, Linear Partial Differential Equatio
Springer, Indian reprint, 2006, "

ction 1.1), Chapter 2 (Sections 2.1-2.4), Cha
be reviewed only. This is in order to underStaﬁaer 3
the

Wilson, Graphs and Applications:
Indian reprint, 2007. ons: A

2. TynMyint-U and Lokenat
for Scientists and Engineers,
dano, Maurice D. Weir, William P. Fox, 4 First Course in

3, Frank R. Gior
Thomson Learning, London and New York, 2003

Mathematical Modeling,



Paper 1X: Probability and Statistics

Total Marks 100
Theory: 70
practical: 15 (External Examination)

[nternal Assessment: 15
4 Lectures, 1 Practical, | Tutorial (per student per week)

Note: Use of scientific calculator may be permitted in the examination. Practical
examination will carry 5 marks for project, 5 marks for CD prepared on
the work done throughout the year and 5 marks for viva voce. Sample
space, probability axioms, real random variables (discrete and continuous),
cumulative distribution function, probability mass/density functions,
mathematical expectation, moments, moment generating function,
characteristic function, discrete distributions: uniform, binomial, Poisson,
geometric, negative binomial, continuous distributions: uniform, normal,
exponential.

References:
[1]: Chapter 1 (Sections 1.1, 1.3, 1.5-1.9).
[2); Chapter 5 (Sections 5.1-3.5, 5.7), Chapter 6 (Sections 6.2-6.3, 6.5-6.6).

Joint cumulative distribution function and its properties, joint probability density
functions, marginal and conditional distributions,expectation of function of two
random variables, conditional expectations, independent random variables,
bivariate normal distribution, correlation coefficient, joint moment generating
function (jmgf) and calculation of covariance (from jmgf), linear regression for
two variables, method of least squares, the rank correlation coefficient.

References:

[1]: Chapter 2 (Sections 2.1,2.3-2.5).

[2]: Chapter 4 (Exercise 4.47), Chapter 6 (Section 6.7), Chapter 14 (Sections
14,1+ 14,3, 14.6), Chapter 16 (Section 16.7).

Chebyshev's Inequality, statement and Interpretation of (weak) law of large
nutbers and strong law of large numbers, Centtal Limit theorem for independent
and Identlcally disttibuted (1id) ratidotn varlables with finite vatlance, Markov
Chalhs, Chapman-Kolmogotov equations, olassification of states, sampling
disttibutions of sample mean, definitions and simple properties of chl-square, |

atd It disteibutions,

25



References:

[2]: Chapter 4 (Section 4.4), Chapter 8 (Sections 8.1-8.6).
[3): Chapter 2 (Section 2.7), Chapter 4 (Sections 4.1-4.3).

Unbiased estimation, minimum variance unbiased estimators and Cramer-Rao
inequality, methods of estimation: maximum likelihood and moments, interval
estimation, estimation of means and difference in means, estimation of

proportions and difference between proportions, estimation of variances and
the ratio of two variances,

[2]: Chapter 10 (Sections 10,1-10.3, 10.7-10.8), Chapter 11 (Sections 11.1-11.7).

Testing of Hypothesis: simple and composite hypotheses, null and alternative
hypotheses, type-I and type-1II errors, size and power of the test, Z and t-test
for single mean, Z and t-test for difference in means, test concerning proportions,
test for difference in proportions, chi-square and F-tests concerning variances,
the analysis of an r x c table, chi-square test for goodness of fit,

References:

[2): Chapter 12 (Sections 12.1-12.2, 12.5), Chapter 13 (Sections 13.1-13,5, 13.7-
13.8, Exercise 13.12).

Practical/ Lab work to be performed on a computer using SPSS/Excel.

Practicals should broadly cover the following areas:

(i) Fitting of Binomial, Poisson, Negative Binomial, Normal Distributions.

(i) Applieations of Chi-square, t and F Distributions.
(lif) Caleulation of correlation coefficient, Rank Correlation, etc,

(iv) Fitting of polynomials and regression curves.
(v) Methods of estimation (MLE and method of Mometits)

(vi) Selecting a simple random sample usiig random number tables,

References:

[ Robert V. Hogg, Joseph W. MoKeah and Allen T. Cralg, Mtrodwction 1o
mathematical statisties, Peatson Bdueation, Asia, 2007.

4. Irwin Miller and Marrleen Millet, ol £, Freund s mathematical statistics
with applications (7th Bditlon), Pearsot Bdueation, Asla, 2006,

Whelden Rows, mirodietion 1o probability models (9th i ltion), Avademic
s, Il it Reptint, 2007

bl



Paper X: Algebra III

Total marks: 100

Theory : 75

[nternal assessment: 25

5 Lectures, 1 Tutorial (per week per student)

properties of external direct products, the group of units modulo

direct product, applications of external direct products to data :ezs " extemfal
key cryptography, definition and examples of internal direct products l;:t(}i';gubhc
theorem of finite abelian groups, definition and examples of gr,oun act'ental
stabilizers and kernels of group actions, permutation representation aisoc;:tn Sd
with a given group action. °

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), Chapter 11.

Applications. of group actions: Cauchy’s theorem, Index theorem, Cayley’s
theorem, conjugacy relation, class equation and consequences, conjugacy in Sn,
p-groups, Sylow’s theorems and consequences.

Definition and examples of simple groups, non-simplicity tests, composition series,
Jjordan-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.

Extension fields, fundamental theorem of field theory, splitting fields, zeros of
an irreducible polynomial, perfect fields, characterization of extensions, algebraic

extensions, finite extensions, properties of algebraic extensions, classification
of finite fields, structure of finite fields, subfields of finite fields, constructible

numbers, straight edge and compass construction.

References:

3]: Chapter 20, Chapter 21, Chapter 22, Chapter 23.

Grat-Schmidt orthogonalisation process,
adjoints of lineat operators, lenst
teit of lineat equations.

et product spaces and norms,
vtthogonal complements, Bessel’s inequality,
atflinre approximations, minimal solutions to sys

7N



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

Normal operators and self-ad joint operators, unitary and orthogonal operators,
matrices of orthogonal and unitary operators, rigid motions, orthogonal operators

on R2, conic sections.

References:

[2]: Chapter 6 (Sections 6.4-6.5).

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

[4]: Chapter 6 (Section 6.8), Chapter 7 (Sections 7.1-7.3).

References:

1. David S. Dummit and Richard M. Foote, Abstract Algebra (2nd Edition),
John Wiley and Sons (Asia) Pte. Ltd, Singapore, 2003.

2. Stephen H. Friedberg, Arnold J. Insel, Lawrence E. Spence, Linear Algebra
(4th Edition), Prentice-Hall of India Pvt. Ltd., New Delhi, 2004.

3. Joseph A. Gallian, Contemporary Abstract Algebra (4th Edition), Narosa
Publishing House, New Delhi, 1999.

4. Kenneth Hoffman and Ray Kunze, Linear Algebra (2nd edition), Pearson
Education Ine., India, 2005.



Paper XI: Analysis [1]

fotal marks: 100

Theoty: 7

m(ernul assessment: 25

5 Lectures, 1 Tutorial (per week per student)

pefinition .and examples of metric spaces, isometries, diameter, isolated poi
accumulatlon and boundary points, closure and interior. open ,and :lce) lzjomts,
’ S€d sets,

L) . .
Cantor’s intersection theorem, open and closed balls
conv
sequence and boundedness. » convergence, Cauchy

References:

[2): Chapter 1 (Sections 1.1 (up to example 1.1.17), 1.3-1.4, 1.6-1.7), Chapt

_ ,1.3-1.4,1.6-1.7), 2
(Sections 2.1-2.3,2.5-2.6), Chapter 3 (Sections 3.1, 3.6-3.7), Chapter)4 (Secl:)tizrns
4.1-4.4, 4.7), Chapter 5 (Sections 5.1-5.3), Chapter 6 (Sections 6.1-6.2, 6.4-
6.8), Chapter 7 (Sections 7.1,7.4, 7.6-7.8). o

Continuity and uniform continuity, completeness, contraction mapping theorem,
open COVers, definition of a compact set (using open covers), criteria of
compactness and their equivalence.

References:

[2]: 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 1st two criteria), 9.4, 9.9),
Chapter 10 (Sections 10.2 (only Cauchy criterion), 10.3, 10.8, 10.10),
Chapter 12 (Sections 12.1 (excluding criteria (iv),(V) and (viii) in the theorem

12.1.3), 12.3, 12.5).

Review of complex plane, sequences and series, connected sets and polygonally
connected sets in the complex plane, stereographic projection, analytic
polynomials, power seties, analytic functions, Cauchy- Riemann equations,

functions ez , sinz , and cos z..

References:

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

Litie Inteprals and their propetties, closed cutve theorem for entire functions,
Catichy fitegral forimula and Taylor expansions for enitire functions, Liouville’s
theurett ahd the fundatmental theorett of algebra.

29



References:
[1]: Chapter 4, Chapter 5.

Power series representation for functions analytic in a disc, analyticity in an
arbitrary open set, uniqueness theorem, definitions and examples of conformal

mappings, bilinear transformations.

References:

[1]: Chapter 6 (Sections 6.1-6.2, 6.3 (up to theorem 6.9), Chapter 9 (Sections
9.2,9.7-9.8,9.9 (statement only), 9.10, 9.11 (with examples), 9.13 ), Chapter
13 (Sections 13.1, 13.2 (up to Theorem 13.11 including examples).

Piecewise continuous functions, Fourier cosine and sine series, Fourier series,
property of Fourier coeffcients, Fourier theorem, discussion of the theorem and
its corollary.

References: [3].

Use of computer aided software for example, Matlab/ Mathematica/ Maple/
MuPad/wxMaxima for power series of analytic functions, Fourier series.

References:

1. Joseph Bak and Donald J. Newman, Complex analysis (2nd Edition),
Undergraduate Texts in Mathematics, Springer-Verlag New York, Inc., New

York, 1997.

2. Micheal O Searcoid, Metric Spaces, Springer Undergraduate Mathematics
Series, Springer-Verlag London Limited, London, 2007.

3. Fourier Series, lecture notes published by the Institute of Life Long Learning,
University of Delhi, Delhi, 2008.

"



Paper XI1 (i) (Optional
): Applicatio
ns of Algebrq

Total marks: 100

Theory’ 75
internal assessment: 25

5 Lectures, | Tutorial (per week per student)

alanced incomplete block designs (BIBD): definj

) ) : definiti :

matrix of a BIBD, construction of BIBD from dil;:fl;:-::f::zgt;esmts, incidence
» Construction of

IBD using quadratic residues, differen s
from finite fields. ce set families, construction of BIRp

References:

[2]: Chapter 2 (Sections 2.1-2.4, 2.6).

Coding.theory: intl‘od.uction to error correcting codes, linear codes

and Parlty check matrices, minimum distance, Hamm;ug Codes. d ) 0%e'nerator
cyclic codes. , decoding, and
References:

[2): Chapter 4 (Sections 4.1-4.3, up to Example 4.3.17).

Symmetry groups fmd color patterns; review of permutation groups, groups of
symmetry and action of a group on a set; colouring and colouring patterns,
Polya theorem and pattern inventory, generating functions for non-isomorphic

graphs,
References:

[2]: Chapter 5.

Special types of matrices: idempotent, nilpotent, involution, and projection
tridiagonal matrices, circulant matrices, Vandermonde matrices, Hadamard
matrices, permutation and doubly stochastic matrices, Frobenius- Konig theorem,

Birkhoff theorem.
References:

[5]: Chapter 4.

Positlve Setnl-definite mattices: po
o posltlve serl-definlte matrix, a p
ihelt sliiiltaneous dingonallzatlon.

jare root of

sltive setnl-definite mattices, sqt |
ANt

alt of positive gerti-definite mattices,

1



. diaponalization of symmetric g,
fonﬂs:dlag. ealue dec Mty
mization, singular value decompositioy, an

. s
d statistics.

ices ratic
Symmetric matrices and quad i

qinadratic forms, constrained PPtlan
applications to image processing

References:

[5]: Chapter 6 (Sections 6.1-6.2).

[4]: Chapter i

Applications of lineaf trans
and differential equations.

Least squares methods: Approximate solu.tions of system qf line-ar equations
approximate inverse of an mxn matrix, solving a matrix equation using its normg]

equation, finding functions that approximate data.

LDU factorization, the row reduction algorithm and its inverse,
bstitution, approximate Inverse and projection

formations: Fibonacci numbers, incidence model

Linear algorithms:
backward and forward su
algorithms.

References:

[1]: Chapter 9 (Sections 9.1, 9.4-9.5), Chapter 10, Chapter 11.

The lectures for the topics BIBD, coding theory, symmetry groups and colour

patterns, and the last set of topics include the use of computer aided
software for example Matlab/ Mathematica/ Maple/ MuPad/ wxMaxima to

demonstrate

(i) construction of Hadamard matrices,

(i) construction of Linear (Hamming) codes,

(iii)y construction of the initial blocks and corresponding block designs,
(iv) construction of pattern inventories and how to count patterns,

(V) how to test the algorithms.

Maple routines for some of the above can be found in |3).
References:

I 1. N. Herstein and D. ). Wintet, Primer on Linear Algebra, Muomilla
Publishing Company, New York, 1990,

2. 8. R Nagpaul and 8. K. Jain, Thpies in Ap 1
8. K. Juin, Tapics in Applied Abstract Algebra, Thomso!
Hrouks and Cole, Belmont, 2005, " i
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3. Richard E. Klima, Neil Si
. gmon, E - .
Algebra with Maple, CRC Press {“L‘? Stitzinger. 4 pplicar;
- B(xa Rai(}n_ 2 “dlions

0/"%“5‘5!"_;‘-[

4, David C. Lay. Linear Al
. ; bra and i
Education Asia, Indi - its Applicati
. Indian Reprint. 2007 Piications (3rd Edition
v - R d
)- Pm

5. F uzhen Zhang, Matrix theory :
1999. eory. Springer-Verlag New York_

] Inc.. New v

, ork_

R



paper XII (i) (Optional): Discrete Mathematics

Total marks: 100
Theory: 73
Internal assessment: 25
§ Lectures, | Tutorial (per week per S
¢ properties of ordered sets, maps between o4
Cred

n, examples and basi : .
ts, up-sets, maximal and minimal elementg builg
’ in

Definitio
sets, duality principle, down-se '
latices as ordared se's, complete lattices, lattices as algg.,:

' Taic

new ordered sets, )
structures, sublattices, products and homomorphisms.

tudent)

References.
17: Chapter 1, Chapter 2 (Sections 2.1-2.17), Chapter 5 (Sections 5.1.5.11)

[3]: Chapter 1 (Section 1).
Definition, examples and properties of modular and distributive lattices, Boo|
algebras, Boolean polynomials, ideals, filters and equations, minimal f(,nn:?f
Boolean polynomials, Quinn-McCluskey method, Karnaugh diagrams, switéhing

circuits and applications of switching circuits.

References:

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

Definition, examples and basic properties of graphs, pseudographs, complete

graphs, bi-partite graphs, isomorphism of graphs
. . y , paths and circuits, Euleri
circuits, Hamiltonian cycles, the adjacency matrix, weighted graph, trav:l;iz:

salesman’s problem, shortest path, Dijkstra’s algorithm, Floyd-Warshall algorithm.

References:

[2]: Chapter 9, Chapter 10.

Qgﬂ":’:g?gg :)df palths and oirouits: the Chinese postman problem, digraphs, the
problers ,Mhm'il gorithm, tournaments, directed network, scheduling
il asann ion, exatnples and basle properties of trees, spanning trec,

panting tree algorithims, Kruskal’s algorithim, Prim’s algorithm, acyollo

digtaphs, Bellman’s algotithm.

i



References:
-Chapter 11 (Sections 11.1-11.
l:l( p ( 1.2, “.4-“.5), Chapter 12

planar graphs, colouring of graphs, Statement of the f,
fivecolour theorem, circuit testing, facilities design ﬂoxs
of flows, constructing maximal flows, rationa) :
networks, matchings.

ur-colour theorem, the

Sand cuts, constrycti
. S, Ction
weights, applications of directed

References:

[2]: Chapter 14, Chapter 15.

Discrete numeric functions, generating functions
b

recurrence relations with constant coefficients, homogenous solutions, particular
solutions, total solutions, solution by method of generating functions ’

recurrence relations, linear

References:

[4]: Chapter 9 (Sections 9.1-9.2, 9.4), Chapter10 (Sections 10.1-10.7).

References:

1. B A. Davey and H. A. Priestley, Introduction to Lattices and Order
Cambridge University Press, Cambridge, 1990.

2. Edgar G. Goodaire and Michael M. Parmenter, Discrete Mathematics with
Graph Theory (2nd Edition), Pearson Education (Singapore) Pte. Ltd.,
Indian Reprint, 2003.

3. Rudolf Lidl and Gtlinter Pilz, Applied Abstract Algebra (2nd Edition),
Undergraduate Texts in Mathematics, Springer (SIE), Indian reprint, 2004.

4. C. L. Liu, Elements of Discrete Mathematics (2nd Edition), Tata McGraw
Hill. Publishing Company Limited, New Delhi, 2001.
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paper XII (ii}) (Optional): Mathematical Finance
Total marks: 100
Theory: 75 . s
rnal assessment: .
LnLthures,  Practical, 1 Tutorial (per student per week)
Basic principles: compatison, arbitrage and risk-aversion,.]nterest (simple anq
compound, discrete and continuous), time value of money, inflation, net presen;
value, internal rate of return (calculation by bisection and Newton-Raphsoy,

methods), comparison of NPV and IRR.

Bonds, bonid prices and yields, Macaulay and modified duration, term structye
of interest rates: spot and forward rates, explanations of term structure, running
present value, floating-rate bonds, Fisher-Weil and Quasi-modified duration,

immunization, convexity, putable and callable bonds.

References:
[2]: Chapter 1, Chapter 2, Chapter 3, Chapter 4.

Asset return, short selling, portfolio return, (brief introduction to expectation,
variance, covariance and correlation), random returns, portfolio mean return
and variance, diversification, portfolio diagram, feasible set, Markowitz model
(review of Lagrange multipliers for 1 and 2 constraints), Two fund theorem, risk

free assets, One fund theorem, capital market line, Sharpe index.

Capital Asset Pricing Model (CAPM), betas of stocks and portfolios, security
market line, use of CAPM in investment analysis and as a pricing formula,
Jensen’s index, Harmony theorem, data and statistics.

References:

[2]: Chapter 6, Chapter 7, Chapter 8 (Sections 8.5-8.8).
[4]: Chapter 1 (for a quick review/desctiption of expectation etc.)

Fotwards and futures, marking to market, value of a forward/futures contract,
teplicating portfolios, futures on assets with known income ot dividend yield.
cutteticy futures, hedging (shott, long, cross, rolling), optitnal hedge tatio, hedging
with stock Index futures, interest rate fututes, swaps.

Lugtiottti] disttibution, | oghortal model/ Georrettle Browhian Motion for atock
prices, it Tree todel for stock prices, paraneter estimtion, compars
Af thes titselisly

{



References:

2]: Chapte _
|2): Chapter 10 (except 10.11, 10.12), Chapter 11 (except 11.2and 11.8)

[3]: Chapter 3, Chapter 5
A]: Chapter s T > Chapter 6, Chapter 7 (except7.10and 7.11)

E:l(‘)(gzie::sani An.nencan options, fgctor§ influencing options premiums, bounds
N Izi miums, Put-call Qanty, Binomial option pricing model (BOPM)
ynamic hedging, pricing American and exotic options with BOPM, risk neutrai
valuation (for European derivatives on assets following binomial tr:ee model).

Extension of risk neutral valuation to assets following GBM (without proof)
Blac!f-Schole’s, formula for European options, implied volatility, hedging pammetel‘;
(the “Greeks”: delta, gamma, theta, rho and vega), dynamic hedging.

References:

[1]: Chapter 12 (except 12.8), Chapter 13 (except 13.2,13.6,13.7)
[3]: Chapter9, Chapter 11, Chapter 12, Chapter 13 (except 13.10), Chapter 15

(Sections 15.1to 15.9).
[4]: Chapter 7, Chapter 9.

Base Black-Scholes formula proof on Hull [3].

Speculation strategies (Spreads, Butterflies, Straddles, Strangles), Value at Risk
(VaR), linear and quadratic models, Monte Catlo techniques (including an
introduction to random number generation), use of Monte Carlo techniques to

price exotic options and calculate VaR.

References:

[3]: Chapter 10, Chapter 18

|4]: Chapter 9

Practical/ Lab work to be performed on a computer using Excel.

low can be implemented using the standard features of
Gloal Seek), without arty use of mactos/VBA. A choice
pted froth this list. The practicals should be of 2

e sample practicals be
fixcel (functions, Solver,
of 10 practicals can be attem
hesuits ench, held fortnightly.

{ Introdietion to gpreadsheet prografis.
i Hotids atd dutation: computing PV IRR, Y1'M. dutition; immutization.

i Pusrtiollo todels: caleulating pottollo eats ad viaHANCeS.
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Calculating the efficient [rontier and finding the capita Market |
et line

IV,
without short sale restrictions. Wity
v Estimating betas and the Security Market Line. d
vi. Testing CAPM.
vii. Simulating lognormal price paths.
viii. Calculating the parameters of the lognormal distribution fromsg k
Ok priceg

ix. Implementing the Black-Scholes formulae in a spreadsheey

x. Calculatingimplied volatility.
xi. Hedging and portfolio insurance.
«ii. VaR estimation by Monte Carlo methods.

References:

4. Simon Benninga, Financial Modeling, MIT Press, Campy:
Massachusetts, 1997. Tidge,

5. David G Luenberger, Investment Science, Oxford University Press, D,
1998, | e

6. John C Hull, Options, Futures and Other Derivatives (6u Edition)
Prentice- Hall India, Indian reprint, 2006. ’

7. Sheldon Ross, An elementary Introduction to Mathematical Finance
(2na Edition), Cambridge Univetsity Press, USA, 2003.

1



Paper X11 (iv) (Optional): Number Theory and Cryptograph
y

Total marks: 100

Theory: 75

internal assessment: 25

5 Lectures, 1 Tutorial (per week per student)

Division algorithm, Lame’s theorem, linear Diophantine equation, fundamental
theorem Of. arithmetic, prime counting function, statement of I;rimé nu;ILer
theorem, sieve of Eratosthenes, Goldbach conjecture, binary and decimal
repres'entatlon of integers, linear congruences, complete set of residues, Chinese
remamdt?r theorem, polynomial congruences, Fermat’s little theofem

pseudoprimes, Wilson’s theorem, Fermat-Kraitchik factorization method. o

References:

[1]: Chapter 2 (Sections 2.2-2.5), Chapter 3, Chapter 4, Chapter 5,
[3]: Chapter 2 (Theorem 2.4), Chapter 3 (Section 3.2), Chapter 4 (Section 4.5).

Number theoretic functions, sum and number of divisors, totally multiplicative
functions, definition and properties of the Dirichlet product, the Mdbius inversion
formula, the greatest integer function, Euler’s phi-function, Euler’s theorem,
reduced set of residues, some properties of Euler’s phi-function.

References:

[1]: Chapter 6 (Sections 6.1-6.3), Chapter 7.
[3]): Chapter5 (Section 5.2 (Definition 5.5.Theorem 5.40, Section 5.3 (Theorem

§.15-Theorem 5.17, Theorem 5.19)).

Order of an integer modulo n, primitive roots for primes, composite numbers
having primitive roots, theory of indices, Eulet's criterion, the Legendre symbol
and its properties, quadratic reciprocity, quadratic congruences with composite
moduli, Jacobi symbol and its properties.

References:
[1]: Chapter 8, Chapter 9.
13]: Chaptet 7 (Section 7.6).

Petfect numbers, Metsentie primes and armicable numbers, Fetal nnml:en:.r
the ecuintlon 12 + p2 = 22, Fermat’s |st theorer, sums of two squ‘nres;; r:\::;\n‘ “
it (i o suates, the Fibotacel sequence, cettaln Identities i 0

Filuinee! ntimbers,
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References:
[1]): Chapter 11, Chapter 12, Chapter 13, Chapter 14,

Remark: For the topics that follow on cryptography there should be
emphasis on implementation of the encryption routines.

Elementary cryptosystems, Hill cryptosystem, generalization of the Hill
cryptosystem, public key encryption, RSA encryption and decryption, notes on
primality testing, integer factorization and digital signatures.

References:

[1]: Chapter 10 (Section 10.1).
[2]: Chapter 6, Chapter 7 (Sections 7.2-7.3, 7.5-1.7).

Diffie Hellman key exchange, the knapsack cryptosystem, the ElGamal
cryptosystem, elliptic curves, elliptic curve cryptography through examples, a
discussion of some unsolved problems in number theory.

References:

[1]: Chapter 10(Sections 10.2-10.3).

[2]: Chapter 7 (Section 7.8), Chapter 8 (Sections 8.1-8.4, Section 8.5 (Example
8.4)).

[3]: AppendixA.

The lectures for the topics on cryptography should include implementation
of the encryption and decryption routines using computer aided saftware

such as Matlab/Mathematica/ Maple/ MuPad/ wxMaxima.

References:
{.  Davld M. Burton, Elementary Number Theory (6th Edition), Tata MeGraw-
Hill Edition, Indian reprint, 2007,

72 Richatd E. Klima, Neil Sigmon, Ernest Stitzinger, Applications af Abstract
Algebra with Maple, CRC Press, Boca Raton, 2000.

1. Nevllle Robinns, Beginning Number Theoty (2nd Edltion), Narosa
Publishing House Pvt. Limited, Delhi, 2007,

Al)



Paper XII (v) (Optional): Optimization
Total marks: 100
Theory: 70
Internal assessment: 30 (15 for theory and 15 for practical)
4 Lectures, 1 Practical, 1 Tutorial (per week per student)

lntr‘od.uction to optimization problems with examples including calculus of
varlatlf)n§ and linear programming problem (LPP), analytical methods applicable
to c?pt!mlzation problems with constraints- direct substitution, constrained
yanatlon, Lagrange multipliers, method of steepest ascent, economic
interpretation of the Lagrange multipliers, inequality constraints.

References:
[3]: Chapter 1, Chapter 2 (Section 2.2).

Calculus of Variations: Euler equation, functions, functionals, neighborhoods,
functional with higher order derivatives in the integrand, functional with several
functions in the integrand, functional with several functions and higher derivatives,
functional with more then one independent variable, algebraic constraints, integral

constraints, differential equation constraints.

References:

[3]: Chapter 8.

Theory of simplex method, optimality and unboundedness, the simplex algorithm,
simplex method in tableau format, introduction to artificial variables, two-phase
method, Big-M method and their comparison.

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

Duality, formulation of the dual problem, primal- dual relationships, economic
interpretation of the dual, sensitivity analysis.

References:
[1]: Chapter 6 (Sections 6.1- 6.3, 6.7 (up to example 6.14)).

Transpottation problem and its mathematical formulation, northwest-corher
method lenst cost method and Vogel approximation method for determination vl
startiiig basic solution, algorithm for solving transpottation problem, assipnment
probler aid its mathematical fortmulation, Hungarian method for solving

Auulphtent problet
A



Game theory: formulation of two person zero sum games, solving two person
zero sum games, games with mixed strategies, graphical solution procedure,

linear programming solution of games.

References:

[4]: Chapter 5 (Sections 5.1, 5.3-5 4).
[2]: Chapter 14.

Practical/ Lab work to be performed on a computer.

Case Studies of the following type and similar nature using computer software
like Mu-Pad / Excel- Solver / LINGO / LINDO etc.

i. Assigning students to school
ii. New frontiers

iii. Controlling air pollution

iv. Farm management

v. Shipping wood to market

vi. Project pickings

References:

[2]: Chapter 4 (Cases 4.2, 4.3), Chapter 6 (Case 6.1, 6.2), Chapter 8 (Cases
8.1,8.2).

References:

|. Mokhtar S. Bazaraa, Jahn J. Jarvis and Hanif D. Sherali, Linear

programming and Network Flows (2nd edition), John Wiley and Sons, India,
2004,

2. F. 8. Hillier and G. J. Lieberman, Introduction to Operations Research
(8th Edition), Tata MeGraw Hill, Singapore, 2004,

3. Ralph W. Pike, Optimization for Fngineering Systems, Copytight 2001.
Electronic book, http://www.iei.ro/camo/books/elbooks litim.

A Haridy A. Taha, Operations Research, An Mtroduction (Bth edition)
Prentice-Hall India, 2006.
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