Course Structure: Semester-wise distribution.

First Scmester (Total marks: General -100)
GHS 11 : Alpebra-1 & Calculus — [ (100 marks, 80 lectures)

Sccond Semester (Total marks: General - 100)
GHS 21 : Geometry & Vector Calculus (100 marks, 80 lectures)

Third Semester (Total marks: General - 100)
GHS 31: Statics & Calculus - 11 (100 marks, 80 lectures)

Fourth Semecster (Total marks: General — 100)
GHS 41: Algebra I1 & Dynamics (100 marks, 80 lectures)

Fifth Semester (Total marks: Honours - 200)

H 51 : Elementary Number Theory (40 marks, 32 lectures)
H 52 : Advanced Calculus I (60 marks, 48 lectures)

H 53 : Differential Equations (40 marks, 32 lectures)

H 54 : Advanced Dynamics . (60 marks, 43 lectures)

Sixth Semester (Total marks: Honours - 200)

H 61 : Advanced Calculus IT (40 marks, 32 lectures)
H 62 : Advanced Algebra (60 marks, 48 lectures)
HOP X: Optional paper (100 marks, 80 lectures)

Optional Papers : Any one of the following (100 marks, 80 lectures)

HOP | : Computer programming in C & Computcr Oriented Numerical Analysis
HOP 2 : Opcrations Rescarch

HOP 3 : Fluid Mechanics .' -
HOP 4 : Complex Function Theory

HOP 5 : Discrete Mathcinatics

HOP 6 : Probability Theory

HOP 7 : Elcmentary Differential Geometry

( Abbreviation: GHS = General and Honours, H = Honours,
NOP X = Honours Optional Paper No. X )

Notcs:

1. The distribution for marks for cach paper shall be 25% for Internal assessment and 75% for
External assessment.

2. Each question paper should contain the pipcr uame and the corresponding pPaper number as
mcnlioned in the syllabus.
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GHS 11 LN
ALGEBRA-I & CALCULUS -1 2
(Numbcr of Teaching hours: 80; Time:3 hrs; Marks: 100)
(To answer five questions, choosing onc out of two questions from each unit) ™"

SECTION - A (Algebra -1, 40 marks)
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UN}T I : Brief review of sets, subsets and equality of two sets; relation on a set: reflexive, symmetric,
anti-symmetric, transitive; examples from geometry and, number systems; equivalence relation and

cquivalence classes; partitions.

Brief review of functions/mappings, inclusion maps, restriction of a map, composition of maps,
associativity, 01:13, one-one, bijective maps; inverse images of sets, inverse of a bijective map; finite
and infinite sets; proof of “If A is a finite set f:A—> A is'one one if and only if f is onto”; examples

where this asserilon does not hold. Graph of a function: real valued functions such as polynomials,
rational functio.s, logarithmic functions, exponential functions and hyperholic functions. Limits, e-8
definition, stand wd theorems on limits, standard limits; continuity: Intuitive idea, e-8 definition,
theorems on sun:, differences, product, quotient and composites of continuous functions; continuity of

functions.

UNIT II : A biixf review of m x n matrix over R/C as a rectangular array of numbers (motivation
through systems f lincar cquations); transpose, conjugate, transpose; definition of inverse of a matrix;
special type of :.iatrices: diagonal , scalar, upper/lower triangular, nilpotent, idempotent, symmetric,
skew symmetric, Hermitian, skew Hermitian matrices; trace of a squarc matrix; row vectors and
column vectors of a matrix; row rank/column rank of an m x n matrix (in terms of linear

independence of row/column vectors of the matrix); adjoint of a matrix; inverse in terms of adjoints;
dcterminantal rank of matrix; equality of rank and determinantal rank; Elementary operations;
clementary matrices; row/column reduced echelon form of a matrix; determination of the inverse of a
matrix by elcmentary operations; theorem on the equality of row-rank and column-rank; rank of a

matrix; determination of the rank by elementary operations; systems of linear equations:
homogeneous and non-homogeneous.

SECTION - B ( Calculus — I, 60 marks)

UNIT I11 : Properties of continuous functions defined on closed and bounded intervals, (statements
with illustrations only for the following) boundedness, intermediate value theorem, uniform
continuity; derivatives of rcal valued functions on intervals : definition; derivative as a ratec measurer,
derivative as the gradient of tangent (gcometrical interpretation only); theorems on sum, difference,
product, quotient and composite of differentiable functions; review of methods of differentiation;
successive differentiation; Leibniz's theorem; I'H6pital's rule (statements only with applications).

UNIT IV : Anti-derivative : review of the standard methods; igtegration by parts and by partial
fractions; integral of a continuous function as the limit of Riemann sum (including sums arising out of
uncqual distribution of interval); examples of cvaluation of integrals from the definition. Definite
integrals, fundamental theorem of intcgral calculus and differentiability of integrals of continuous
functions(statements with illustrations only ) properties of definite integral, evaluation of integrals
using these properties; reduction formulas for [ sin"xdx,’[ cos"xdx, [ tan"xdx, [ e®*sin(mx)dx
[e**x"dx, [e**(logx)"dx, [ sin"xcos™xdx and their combinations; improper ingralsl
convergence and evaluation from definition. '

UNIT V : Brief review of first order first degree equations; Bernoulli's equation; exact equations;
reduction to exact form by integrating factors; differential equations of first order byt higher degrees-'
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Clairut's cquation and singular solution; gcometrical interpretation applications of first order
differential equations to geometric and physical problems (simple cases only) including onthogonal

wajectories, introduction of second order homogeneous differcntial cquations with constant
coefficients .

Text Books:

1. Bhattacharya, P. B., Jain, S. K., and Nagpaul, S. R. : Basic Abstract Algebra, Cambridge
University Press, 2003.

2. Maity, K. C. and Ghosh, R. K. : An introduction to Analysis: Differential Calculus: Part I, New
Cental Book Agency Pvt Ltd., 2011,

3. Maity, K. C. and Ghosh, R. K. : An Introduction to Analysis: Integral Calculus, New Central Book
Agency Pvi 1.Ad,, 2013.

\
B

Reference Books

Fraleigh, ). B., A First Course in Abstract Algebra, Pearson Education India, 2013.
. Gopala Krishnan, N.S., University Algebra, New Age Intemational Pvt. Ltd. Publishers, 2007.
Stewan, )., Essential Calculus: Early Transcendentals, Cengage India Pvt Ltd, 2017.

. Saikia, P. K. Linear Algebra, Pearson, Delhi, 2014.

. Das, B C. and Mukhesjce, B.N., Differential Calculus , UN Dhar and Sons Pvt Ltd, 52" edition,
2012.

. Das, B.C. and Mukherjee, B.N., Integral Calculus , UN Dhar and Sons Pvt Ld, 52* edition, 2012.

. Thomas, G. B., and Finney, R. L.: Calculus and Analytic Geometry (9™ Edition), Pearson
Education India, 2010. ’
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GHS 31
Statics and Calculus-I1
(Number of Teaching hours:80; Time: 3hrs; Marks: 100) .
(To answer five questions, choosing one out of two questions from each unit)

SECTION-A (Statics, 40 marks)

UNIT 1 : Composition and resolution of forces; pa;ailzlogmn of forces, Components and molvgd
parts, Coplanar forces: Equilibrium of concurrent forces, Triangle of forces, Lamn’s’ Theorem and its
converse; Parallel forces; Moment of a force; Definition, geometrical representation of Moments,

Varignon’s Theorem. Couples; definition, equilibrium of Couples, Equivalence of two Couples,
Resultant of Couples, Resultant of a couple and a force.

UNIT II : Reduction of coplanar forces, equilibrivm of coplanar forces. Friction: laws of statical
friction, laws of limiting friction, solution of problems on equilibrium of heavy bodies (such as
uniform rods) resting on plane surfaces.

Centre of gravity: centre of gravity of thin uniform rod, uniform lamina,

triangular lamina and lamina
in the form of a parallelogrem and trapezium.

SECTION-B (Calcuths-II, 60 marks)
UNIT II : Sequences of real numbers :
of a sequence, monotonic sequence; examples, proof of fhe fact that monotonic and bounded
sequences are convergent (using completeness of R as an axiom);
principle of convergence;
Infinite series of real numbers; partial sums, conver
test, root test; absolute con *g

Sux gent series, comparison test, ratio test, Raabe’s
. vergence; Leibnitz's theorem for alternating series; power series: radius of
convergenoe (without the notion qfhlimit superior),

standard examples of power series.
UNIT 1V : Application of differential calcul "
real variable, vanishi

. alculus: Sign of the derivatives of a real
vari anishing of f{x); Rolle's theorem;
applications of

geometric in tation, m
theorems: () insibas: lerpretation, mean value theorems




RAN
upwards and downwards, (iii) points of inflections, m
approximation and eror eslimates; maxima and minima; asymptotes; Curvature of plane curves
(Cartesian and parametric equations only);
Real-valucd functions o.l' two or three variables: limits, continuity; partial derivatives of first and
second orders; Sch}varzs theorem (statement only); differentials; chain rules; Euler's theorem on
homogeneous functions, proof upto three variable case.

UNIT V : ch?lion of roots pf f(x), proof of the fundamental theorem of integral calculus; Taylor's
nd M‘aclaunns theorem with Cauchy's form of remainders; Taylor's and Maclaurin's series;
cexpansion of standard functions such

; dard . as ex, sin x, cos x, log (1+ x), (I + x)n. Applications of integral
Cﬁ.culus * determination of (1) arcas under simple planc curves, (ii) lengths of simple plane curves,
(111) volume and surfacc arcas of solids of revolution in standard cases. Evaluation of linc integrals (in
a planc); double intcgrals; change of .

' order of integration; application in determination of arca, volume
(simple cascs only).

Text books:

1. Dag. B.C. and Mukherjec, B. N.: Statics, U.N. Dhar & Sons Publications, Kolkata, 2002.
2. Ma!ty, K. C. and Ghosh, R. K - Differential Calculus, New Cental Book Agency Pvi Ltd., 2002.
3. Maity, K. C. and Ghosh, R. K - Integral Calculus, New Cental Book Agency Pvt, Lid., 2002.

Reference Books:

\. Loncy, S. L.: An elementary treatise on the Dynamics of a particle and of rigid bodies, New Age
Intemnational Pwt. Lid, 2016. . '

2. Stewan, J.: Essential Calculus Early Ti ranscendentals, Cengage India Pvt Ltd, 2017.

3. Bernside, W. S, and Panton, A. W.: Theory of Equations, Vol. I, S. Chand & Co., New Delhi,2000
4. Thomas, G. B, and Finney,

R. L. : Calculus and Analytic Geometry (9" Edition), Pearson
Education India, 2010. '

5. Narayan S.: A course of Mathematical Analysis, S.Chand and Co., 2005.
6. Das, B.C. and Mukherjee B.N., Differential Calculus , UN Dhar and Sons Publisher, 52™ cdition,
2012. .

ultiple roots. Use of differentials m =



‘ H 51
Elementary Number Theory
(Number of Teaching hours:32; Time: 2 hours; Marks:40) _
(To answer two questions, choosirig one out of two questions from each unit)




UNIT 1 ; Divisibility in the set of integers; basic propertics; the division algorithm; ged; elementary 1“5
lidean algorithm; lcm; primes (in the set of natural numbers); fundamental lhc-orcnisgy
{ of the infinitude of primes; arbitrary gaps in the distribution of primes; \/ —
complete residue ——
lization of

properties; the Eucl
of arithmetic; Euclid’s proo’ et : .
congruences in the set of integers modulo a positive integer; basic propertics;

system; reduced residue system; Euler’s ¢-function; Fermat's theorem: Euler’s generd

Fermat’s theorem; applications, Wilson’s theorem.

Unit 11 : Solution of congruences; linear congruences; Chinese remainder theorem; consequences of
intcger function,

higher degree modulo a prime. Some functions of number thcory"——_grcalcst 1
clementary properties; Arithmetic functions, multiplicative functions; functions such as ¢(n), 1(n).

O(D). Ox (n)

Text Books
1. Niven, 1., Zuckerman, H.S., and Montogomery, H.L. : An Introduction to the Theory of Numbers,

Wiley Eastem Ltd., 2000.

Reference Books
1. Telang, S.G. : Number Theory, Tata McGraw-Hill, New Delhi, 1996.
2. Burton, David M.: Elementary Number Theory, Universal Book Stall, 2001.
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HS52
Advanced Calculus I
(Number of Teaching hours:48; Time; 3hrs; Marks:60)

0

(To answer three questions, choosing onc out of two questions from cach unit) '

UNIT I : Riemann integral of functions of onc variable; Darboux’s thecorem (statement and
application);conditions for intcgrability; classes of ‘bounded and integrable funclions; properties of
integrable functions; inequalities for integrals; functions defined by integrals; their continuity and
differentiability; Mcan value theorems for integrals. Improper intégrals; test for convergence when the
integrand is non-negative; absolutc convergence; tests for absolute and conditional convergence, beta
and gamma functions; Abel's theorem, Dirichlet's theorem; Frullani's intégral. '

UNIT 11 : Integrals as functions of parameters; continuity, differentiability and integrability of such 2

function; applications to cvaluation of intcgrals; Improper integrals as functions of a parameter;
uniform convergence and tests for uniform convergence; continuity, differentiability and integrability
of uniformly convergent improper integrals of continuous functions involving parameters; evaluation

of integrals.

UNIT I : Linc intcgral in R?; Ricmann intcgral of real valued functions of two variables; evaluation
of double integrals — change of order of integration; change of variable and simple problems; Green's
thcorem in R, Surface Integral and Stokes Theorem, Volume integral and Gauss’s divergence
theorem (statements and applications only).

~
‘

Text Books:
1. Narayan, S.: 4 Course of. ‘Mathematical Analysis, S. Chand. Delhi, 2005.

2. Apostol, TM. : Mathematical Analysis, Narosa Book Distributors, 2002. .

Reference Boolts
1. Stewant, J.: Essential Calculus Early Transcendentals, Cengage India Pvt Ltd, 2017
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2. Bartle, R. G., and Sherbert, D. R. : Introduction to ReabAnalysis (Wiley India Edition), Wiley &

Sons, Inc, 2000. ol el cal Aalyis (
3. Rudin, W. : Principles of Mathematical Ana is ‘
4. Malik, S. C. and Arora, S. : Mathematical Analysis, New Age International Pvt Ltd., 2017.

5. Ghosh, RX. and Maity, K.C.. Introduction to Analysis, New Central Book Agency (P) Ltd, 2002.
6. Raisinghania M.D.: Elements of Real Analysis, S. Chand and Co, 2003.

" Edition), McGraw Hill Education, 2013.

et

H53
Differential Equations
(Number of Teaching hours:32; Time: 2 hours; Marks:40)
(To answer two questions, choosing one out f two questions from cach unit)

UNIT 1 : Linear equations of second and third order with constant coefficients, — complementary
functions and particular integrals for x"e?*, e2% sin(mx) , e2* cos(mx) , x sin(mx), x" cos(mx);
equations of type a,x?y" + a;xy! + azy = f(x); Linear diffcrential cquations of second order with
variable coefficients; homogeneous equations; exact equations; transformation of the equation by
changing the dependent variable/the independent variable, Normal form. Method of variation of
parameters; simultancous equations; total differcntial equation Pdx + Qdy + Rdz =0

UNIT I: Partial differential cquation. Formation of equation, solutions of linear equations of first
order, Lagrange's methods, Non lincar partial differential equations of first order- Standard forms 1, II,
I & TV; Integral surfaces passing threugh a given curveorthogonal surfaces, non linear equations of
first order, Charpit's method.

Text Books:
1. Raisinghania , M.D. : Ordinary and Partial Differential Equations , S. Chand and Co, 2013.

2. Sneddon, 1. N.: Elements of Partial Differential Equation, Dover, 2006.

Reference Book:

1. Coddington, Earl A.: An Introduction to Ordinary Differential Equations, PHI Learning Pvt. Ltd
New Delhi, 1998. ?
2. Piaggio, L.: An Elementary Treatise on Differential Equations and Applications, G. Bell & Sons
2000. N :
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H 54
Advanced Dynamics
(Number of Teaching hours:48; Time: 3 hoyrs; Marks:60)
(To answer three questions, choosing one out of two questions from each unit)

UNIT 1 : Central forces; central orbits; centre of force, motion of a i i

: bits; . particle under th
forces, motion on a r?ugh cyclt_nd. description of a central conic .under a ccnt:anlc?':“ o.fcentm]
rccnpr_ocal polar co-ocr’c:;n;w; stability of a nearly circulgr orbit; use of pedal co‘ordhmle;c:;\dusidof
cquations; apse; apsi istance; apsidal anglc; perihelion and ion; peda
motion and its deductions. gle; perihelion and aphelion; Kepler's laws of planetary
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T inertia of a uniform rod, a rectangular
\ ents and products of inertia; inoments of ine r

UNIT “, | m‘\)lrgpiped, a circular ring, a circular disc; theorems of payallel and P;"P“t‘:::l" A
Lﬁ:ﬁ ﬁx‘:d axis; principal axes (definition only); momental ellipsoid equimomental systems.

ner ions, i ] inertia, miotion
D'Alembert’s Principle, the general equations, of motion, motion of the centre of inertia
relative to the centre of inertia. _

UNIT ITI : Motion about a fixed axis: moment of the cﬂ'cc!ivc forcgs a.boul the a:;:.:'.hofb;%tau;r:i,
equation of motion of a rigid body about a fixed axis, expression for lfmelxc energy of the dylum'
moment of momentum of the rigid body moving about a fixed axis. The compound pendult :
interchangeability of the centre of suspension and centre of oscillation, minimum time of gscnl'lanon,
motion in two dimensions ( only finite forces), friction, kinetic energy of a body moving in two

dimensions, moments of momentum about the origin o'f a body moving in two dimension and
problems illustrating the above cases. (varying mass is not included).

-~

Text Book:

1. Loney, S. L.: An elementary treatise on the Dynamics of a particle and of rigid bodies, New Age
International Pvt Ltd, 2016.

T
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Ar¥asistha, AR., Agarwal, D.C.: Dynamics of a particle, Krishna Prakashan Mandir Publication,
%0!5‘".:";:;._ « , . N S

2.Raimai, MM : Rigid Dynamies, New Ceatral Book Agency, 2011,
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