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Syllabus Four Year B.Sc. Honours (Mathematics) as per NEP2020

Four Year Program under FYUP-NEP2020

1 TH/ | EE
| PAPER | PAPER N Min Lecture
SEMESTER| CODE | TYPE COURSE NAME Mo | ) mTarks Total 1 Marks | Hours
4' ‘-__ -
CERTIFICATE IN MATHEMATICS J
0120301 cc Differential Calculus & Integral Caleutus TH 4 25 75(25) 4x15=60
Sem-I ————
| 0120380 CC  [Practical PRC 2 100
= ; : : ; T
Sem-IT | 0220301 cc Mgtmes and Differential Equations & TH 6 | 25 75(25)
: Geometry
1 ] * B | T
F | DIPLOMA IN MATHEMATICS
. L
Sem-I1T | (320301 i CC | Alzebra & Mathematical Methods TH 6 25 75(25) 160 33 +x15=60
P . =
Sem-IV 0420301 CC Differential Equabion & Mechanic TH 6 25 T5(25) 106 33 dx15=60 !
DEGREE IN MATHEMATICS
L~ ST o ]
0520301 CC | Group and Ring Theory & Lincar Algebra TH 5 ] 25 T5(25} 100 33 4x15=60
- ~ ——
Any one of the Following j
Sem-V 05203021 EL  |Number Theory & Game Theory TH 5125 40 160 33 J 4x15=60
$ 0520303 EL  [Graph Theory & Discrete Mathematics TH 5 25 75(25) 100 33 ‘ Ax15=60 |
| 3520304 EL | Differential Geometry & Tensor Analysis TH 3 25 75(25) 4x15=60
— T : : N e |
1 0620301 L CC | Metric Space & Complex Analysis TH 4] 28 75(25) 100 Ax15=60 ;
Sem-VI ' 0620302 | CC  |Numerical Analysis & Operations Research | TH 4 1 25 75(25) 100 0 Ax15=60
10620380 €C  |Practical PRC | 2 100 | 100 | 40 | 4xI5-6D
! B.Sc. Honours in Mathematies ! {
— | ) i N
L Sem-VII i0720321 CC jAbstracI Algebra TH 4 25 75(25) 100 | 40 1 Fx15-60 E

N>

W

7

W



]

10720322 CC |Real Analysis TH | 4|2 00 | 40 =60_,
0720323 ' CC  JAdvance Differential Equation . T™H 4 25 100 40 4x15=60 !
0720324 |  CC  [Metric Space TH | 4 | 15 | 75 J 100 | 40 X560 |
Choose Any One ‘ J J
0720325 EL  [Mathematical Statistics TH 4 25 [ 75(25) 100 4x15=60 ‘
0720326 EL Advance Numerical Analysis TH 4 25 T 75(25) 100 J 4x15-60
0820321 { CC |Topology TH | 4 | 25 | 7525 | 100 4x15=60
0820322 CC  |Advance Complex Analysis TH 4 25 75(25) 100 | 4x15=60
10820323 | CC |Number Theory TH | 4 | 25| 75(25) 100 i 40 J 4x15=60
i—‘ Core Elective G-1 Any One of the {ollowing i B
] wﬂl EL 1. Mechanics TH 4 ,_25~L 75(25) 100 1 40 4x15-60
Sem-VII1 &20325 EL 12, Financial Mathematics TH B 4 23 | 75(25) 100 l 40 | 4x15-60
10820326 | EL |3. Fluid Dynamics TH | 4 | 25 | 7505) 100 40 Ax 15{044T
| Core Elective G-2 Any One of the following | L |
Foszo?az'z EL |1. Lincar Algcbra e s | as To75e9) 100 | 40 4x1560 4
10820328 EL {2, Data Structure with C TH 25 75(23) 100 ¢ 40 4x15=60 |
0820329] EL |3 Dynamical systoms TH | 4| 25| 75(25) 100 40 dx15760 |
_ —— Minor Elective Paper for Other Faculty Students 1
SEMESTERI ?(fgg lfp\fff? COURSE NAME THOCRIIE (MinMack) [ fotal MN::‘T{S :ﬁfﬁ.‘?f |
' EL Fundamental of Computers TH 6 25 75(25) 100 : 33 90 H'
| EL Vedic Mathematics TH | 6 | 25 | 75(25) 00 | 33 50
1 EL Elementary Mathematics TH |6 | 25 | 7505) 100 33 90

CC-Core Compulsory, EL-Elective, CR-Credits, IE-Internai

NS

Ko

BY/

ion, EE-External Evaluation, TH-Theory, PRC-Practical, PR-Project
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Four Year Program under FYUP-NEP2020
Syllabus Four Year B.Sc. Honours with Research (Mathematics) as per NEP2020

PAPER PAPER mes R . EF e Min Lecture
SEMESTER CODE TYPE COURSE NAME PR (MinMarks) Marks Hours
CERTIFICATE IN MATHEMATICS .

o Sem-t | 0120301 | CC [Diﬁ"eremial Calculus & Integral Calculus f TH 4 ] 25 75(25) 100 T 40 4x15=60
| ; 0120380 CC | Practical PRC 2 100 40 4x{5=60 |
Sem-11 T(JZEOBOI cc [(\}/l:::\ceet:{;yand Ditferential Equations & L TH 6 25 75(25) 100 | 40 Ax15-60
; . DIPLOMA IN MATHEMATICS i O |
Sem-{i1 0320301 CC | Algebra & Mathematical Methods { TH 6 25 75(25) 100 44 4x15=60 |

Sem-IV 10420301 | CC JDiﬂ'crential Equation & Mechanic 1OTH e | 25| 7508 100 | 40 4x15=60
| DEGREE IN MATHEMATICS | |
- Lgszmm | CC [Group aud Ring Theory & Lincar Algebra | TH | 5 | 25 | 7505) 100 40 4x15=60

f Any one of the Following

Sem-V | 0520302 EL  {Number Theory & Game Theory TH 5 25 40 100 490 4x15=60
320303 EL  {Graph Theory & Discrete Mathematics TH i 5 25 75(25) R 100 4() 4x15=60
0520304 EL Differential Geometry & Tensor Analysis ™ 5 25 75(25) 100 | 40 4% 1 5=60 )

"0620301 | CC [Metric Space & Complex Analysis TH | 4 | 25 | 75029 100 40 4x15=60
Sem-V] IIﬁO(wIZO?:OZ CC  iNumerical Analysis & Operations Research y  TH | 4 | 25 7525} 100 40 4 5:?(_)__;
0620380 cC Practical PRC 2 JOG 40 4x 15=60 ‘

% \W&t”% AN \<“ |



! B.Sc. Honours with Research in Mathematics | -
0720321 CC Abstract Algebra TH 4 25 75(25) #1 00 40 4x t5=060
| 0720322 CC  |Real Analysis TH 1 4 25 75(25) 1Q0 40 ix15=60
Sem-VI] [ (0720323 C Advance Differential Equation TH 1 25 75(25) 100 40 4x15=60
I/OTZ()32;}. CC Metric Space TH 4 25 75(25) 100 40 4x15=60
| mzma- cC  |Project1 PR | 4 100 40
10820321 | cC [Topology TH | 4 | 25 | 7505 100 40
;_U_PQE%ZQJ CC  |Advance Complex Analysis TH 4 3 25 75(25) 100 40
0820323 | CC  |Number Theory TH | 4 | 25 | 7505 100 40 4x15=60
; Core Elective -Any One of the following [ i
@03;4 I EL |1 Mechanics “J TH | 4 | 25 | 75(25) 100 40 4x15=60
Sem-VIII : s 2. Financial Mathematics TH 4 28 T5(25) 130 | 40 4x15=60
3. Flud Dyna&cs TH 4 25 T5235) 100G 40 4x15=60 |
0820 ‘15 EL 4. Lincar Algebra TH 4 25 75(25) 100 40 4x15=60
i 87( 3328 EL 5. D’ata Structure with C H 4 25 75(25) 100 4 | 4x15=60 J
| 08 (m% EL |6, Dynamical systems TH | 4 | 25| 75025) 0o 40 | 41560
] \0870 651 CC | Project-ll IESE 100 { 40 |
' , Minor Elective Papers for other Faculty Students ]
ES,EMESTERL]::A(fgg NYrE f COURSE NAME ™ CRPIE i o | ot
ﬁ L EL . Fundamental of Computers T™H 6 | 25 75(25) | 100 | 33 90 |
lr EL Vedic Mathematics TH 6 25 75(25) 100 ,' 33 & 0
EL Elementary Mathematics TH B & 25 75(25’~r 100 33 J 90

CC-Core Cnmpulsorv EL-Elective, CR-Credits, IE-Internal Evaluation, EE-External Ev

s> r&\\&‘“%
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4 Maa Shakumbhari University, Saharanpur

Proceeding Board of Studies(Mathematics)

Today on date 27/02/2025 Board of Swudies meeting has been conducied in hybrid mode in the Academic Block Maa Shakumbhari University.
Punwarka Saharanpur. Following members have attended the meeting.

i. Prof. Sanjay Kuinar

2. Prof. Praveen Kumar

3. Prof. Naveen Sharma

4. Prof. M K Gupta

5. Prot. Shivraj Singh
Al the members have discussed n detail to form the following syllabus as per FYUP-NEP2020 guidelines.

1. Design four year B.Sc. Honours in Mathematjcs program.

2. Design four year B.Sc. Honours with research in Mathematics program.

3. Design three minor clecuve papers for other faculty students.

rf. /
T N\
(Prof. SanT ar ofPrave ar (Prof. Naveen Sharma)

Convener Member Member

2 "\
Protf. M K Gupta Prof.\Shivraj Singh
External Expert External Expert



Maa Shakumbhari University, Saharanpur
Syllabus- B.Sc.(Mathematics) Honours

Programme Outcome/ Programme Specific
Outcone

' Programme Qutcome:

PO1: It is to give foundation knowledge for the students to understand basics of mathematics including applied aspect for the same.
PO2: [t is to develope enhanced guantitative skills and pursuing higher mathematics and research as well.

PO3: Students will be able to develop solution oriented approach towards varicus issues velated te their environment.

PO4; Stadents will become ernployable in varipus govt. and private sectors

PO3; Scientific temper in general and mathematical temper in particular will be developed in students.

Programme Specific Qutcome:

PS01: Student shouid be able to possess recall basic ides about mathematics which can be displayed by them

PSO02Z: Student should have adequate exposure to many aspects of mathernatical sciences.

PS03 Student is equipped with mathematical modeling ability, entical mathematical thinking, and problem solving skills etc.

P804; Student should be abie to apply their skills and knowledge in various fields of studies including, science, engineering, commerce and management \

elc. B o f—|

NEN
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B.Sc.(Mathematics)-1 Year
Certificate in Mathematics

UG MATHEMATICS



B.Sc. I (SEMESTER-I) PAPER-I Differential Calculus & Integral Calculus

Semester:
Programme: Certificate Year; First \ First
Class: B.Sc.
Subject: Mathematics
NEP Code:; BO3FI0IT Course Title: Differential Calculus & Integral Calculus
Course Code: 0120301 |

Course outcomes:

CO1: The programme outcome is tp give foundation knowledge for the students to understand basics of mathematics including appiied aspect for developing
enhanced quantitative skills and pursuing higher mathematics and research as well.

C02: By the time students complete the course they will have wide ranging application of the subject and have the knowledge of real valued functions such
assequence and series, They will also be abie to know about convergence of sequence and series. Also, they have knowiedge about curvamire, envelope and
evolutes and trace curve in polar, Cartesian as well as paramelric curves.

CQ3: The main objective of the course is to equip the student with necessary analytic and technical skills, By applying the principles of integral he leams to

solve a variely of practical problems in science and engineering,

CO4: The student is equipped with standacd concepts and tools at an intermediate o advance level that will serve him well towards taking more advance
level
|

course in mathematies. |
- . |
Credits: 4 Core Compulsery
Max. Marks: 25+75 ] Min. Passing Marks:

Total No. of Lectures-Tutorials-Practical (in hours per week): L-T-P: 4-0-0

Part-A Differential Caleulus

No. of

Unit .
Topics Lectures

Introduction to Indian Ancient Mathematics and Mathematicians should be included ander Continuous Internal Evaluation

{CIE). Definition of a sequence, theorerus on limits of sequences, bonnded and monotonic sequences, Cauchy's convergence criterion, ‘

—

Cauchysequence, limit superior and limit inferior of a sequence, subsequence, Series of non-negative terms, convergence and 9
L
divergence, Comparison tests, Cauchy's integral test, Ratio tests, Root test, Raabe's loparithmic test, de Morgan and Bertrand's

I tests, alternating series, Leibnite's theorem, absolute and conditional convergence.

‘ ‘ Limit, continuity and differentiability of function of single variable, Cauchy’s definition, Heing’s definition, equivalence of
11 definition of Cauchy and Heine, Uniform continuity, Bore!’s theorem, boundedness theorem, Bolzano’s theorem, Intermediste 7
value theorem,

extreme valug theorem, Darbowux's intermediate value theorem for derivatives, Chain rule, indeterminate forms. ! |

: Rolle’s theorem, Lagrange and Cauchy Mean value theorems, mean value theorems of higher order, Taylor's theorem with ;
! various forms of remzinders, Successive differentiation, Leibnitz theorem, Macleurin’s and Taylor’s series, Partial l 7

| differentiation, Euler’s theorem: on homogeneous function.

v Tangent and normals, Asymptotes, Curvature, Envelops aed evolutes, Tests for concavity and convexity, Points of inflexion, 7
Multiple points, Parametric representation of curves and tracing of parametric curves, Tracing of curves in Cartesian and Polar forms.

UG MATHEMATICS w 3



Part-B. Integral Calculus

| . Topics

{ \4 Dcf nite integrals as limit of the sum, Riemann integral, Integrability of continuous and monotomc ﬁmcncns Fundamental theorem

No. of

Lectures

9

" of integral caleulus, Mean vaiue theorems of integral calenlus, Differentiation under the sign of Integration.

VI Improper integrals, their classification and convergence, Comparison test, p-test, Abel's test, Dirichlet's test, quoficent tesl, Beta

and Gamma functions
VI | Rectification, Volumes and Surfaces of Solid of revelution, Pappus theorem, Multipte integrals, change of order ef doubie
integration, Dirichlet’s theorem, Liouville’s theorem for multiple integrals,

VI ' Vector Differentiation, Gradient, Divergence and Curl, Normal on a surface, Directional Derivative, Vector Integration, Theerems of
Gauss, Green Stokes (Wlthout pro -vof) zmd reia:ed pmblems

Suggested Readings (Part A Differential Ca]culus)
1. R.G. Barile & D.R. Sherbert, Introduction to Real Analysis, John Wiley & Sons
2. TM. Apostal, Caleulus Vol. I, John Wiley & Sons Inc.
3. 5. Balachandra Rac & C. K. Shantha, Differential Caleulus, New Age Publication.
4. 1. Anton, L. Birens and S. Davis, Calculus, John Wiley and Sons, Ine., 2002,
5. G.B. Thomas and R_L. Finney, Calculus, Pearson Education, 2007.
6. Suggestive digial platforms web links: NPTEL/SWAYAMMOOCS
7. Course Books published in Hindi may be prescribed by the Universities.

{Suggested Readings (Part-B Infegral Caleulus):

1. T.M. Apostal, Calevlus Vol. I1, John Wiley Publication

2. Shanti Narayan & Dr. P.K, Mitta}, Integral Caleulus, S.Chand

3. Erwin Kreyszig, Advanced Engineering Mathematics, John Wiley & Sons.
1 4. Suggestive digital platforms web links: NPTEL/SWAYAM/MOOCS

5. Course Books pubhshed in Hmch may be pres scribed by the Umversltus

| This course can be opted as an elective by the students of follnwmﬂ subjects Engg. and Tech. {UG), Chemistry/Biochemistry/Life
| Sciences(UG),

Economlcs(UGfPG), C‘ommerce(‘UG) BBAJ‘BCA B.Sc.{C.8.)

Suggested Contmuous E\aluatmn Metheds: Max, Marks: 'PS

7

SN Assessment Max. Marks

Type

1|
2 Onlme Quizzes/ Objective Tests |
S e TR T uaE el I =]
3

Presentation

4 Assngnmcnt (Intmductmn to Indian ancient Mathematics and Vlathematlclans)

Course prerequisites: To study this course, a student must have subject Mathematics in class 12

Suggested equivalent online courses:

UG MATHEMATICS W




B.Sc. I (SEMESTER-I} Paper-11 Practical

Programme: Certificate . Year: First . Semester:
Class: B.Sc. l First

Subject: Mathematics

Course Code: 0120380 Course Title; Practical i
NEP Code: B030102P i
__,,.—_—.—.—_—.—_—-———————w—-———-—«—-——‘-—‘

Course outromues:
CO1: The main chjective of the course is to, equip the student to plot the different graph and solve the different types of equations by plotting the graph

using different computer software such as Mathematica IMATLAB /Mapte /Scilab/Maxima etc.
1 CO2, After completion of this course student would be able to know the convergence of sequences through plotting, verify Bolzano-Weierstrass
theorem through plotting the sequence, Cauchy’s roct test by plotting »## roots and Ratio tesl by plotting the ratio of stf and (7 + 1)+ term,
CO3. Student would be able o plot Complex numbers and their representations, Operations like addition, substraction, Multiplication, Division, Modulus
and Graphical representation of polar form.
CO4: Student would be able to perform following task of matrix as Addition, Muitiplication, Inverse, Transpose, Determinant, Rank, Bigenvectors, |

Eigenvalues, Characteristic equation and venfication of the Cayley-Hamilton theorem, Solving the systems of linear equations.

— e — —
| Credits: | Core Compulsory/
2 Elective
Max. Marks: 100 Min. Passing Marks: 33 ]
7= B T —
Total No. of Lectures-Tutorials-Practical (ic hours per weel): L-T-P: §-0-4
Unit Topics No.of |
Lectures |
e N I E———————————————————————————=—=——=. PRI |
] | Praciical / Lab work to be performed in Computer Lab.
l 'List of the practicals to be done using Mathematica /MATLAB /Maple /Scilab/Maxima ¢ic.
i 1. Pletting the graphs of the following functions:
| (i) ax
|
{ii) [x] (greatest integer function) !
e n EN
(iv)x@ ;nEN |
v t_neN ! .
xln—W
TORFEE
' XZn
l I (vity vgx + b, Jax + bl, ¢z lax + bf !
i . 8 i ~x for x = 0. !
I(]x)__,bmg ,xsm( , €%, 87X i
X x) Q 1 I
(x) ex+o, foglax + by, , sin(ax + b}, cos(ax + b} , Isin{ax + b)l,icos{ax + bl I
ax+b
L L

\E\‘:x‘r)‘\
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Observe and discuss the effect of changes in the real constants a and b on the graphs.

{2) By plotting the graph find the solution of the equation
x=et,x2+lze, l-x2=e x= logm(x) ,cos{x) = x,sin(x) = x, cos(y) = cos(x), sin{y) = sin{x) etc

\ (3) Plotting the graphs of palynomial of degree 2,3, 4 and 5, and their first and second derivatives.
(4} Sketching parametric curves, e.g., Trochoid, Cycloid, Epicycloid and Hypocycloid ete.

(5} Tracing of conic in Cartesian coordinates,
(6) Graph of circular and hyperbolic functions.

] {7) Obtaining surface of revointion of curves.
} (8) Complex numbers and their representations, Operations like addition, Multiplication, Division, Moduius. Graphical

representationof polar form.

J (%) Matrix Operations: Addition, Multiplication, Juverse, Transpose, Determinant, Rank.

Sugpested Readings

N

UG MATHEMATICS




B.Sc. I (SEMESTER-II) PAPER-I Matrices and Differential Equations & Geometry
Year: First { Semester:

} Second

Programme: Certificate
Ciass: B.Sc.

Subject; Mathematics

{ Caurse Code: 0220301 ’ Course Title: Matrices and Differcntial Equations & Geometry
NEP Code: BO30201T |

Course outcomes:
CO1: The subjects of the course are designed in such a way that they focus on developing mathematical skills in algebra, caleulus and analysis and give in

depth knowledge of geometry, calculus, algebra and other theories.
CO2: The student will be abie to find the rank, eigen values of matrices and study the linear homogeneous and non-homogeneous equatiens, The course in|

differential equation intends to develop problem solving skills for solving various types of differential equaticn and geometrical meaning of differential

equation.
C03: The subjects leam and visualize the fundamental ideas about coordinate geomelry and leam to describe some of the surface by using analytical |
geomelry.

CO4: On successtul completion of the course students have gained knowledge about regular geometrical figures and their properiies. They have the\I

foundation for higher course {n Geometry.

Credits: 6 Core Compulsory

Max, Marks: 25475 == Min. Passing Marks: |

Total No. of Lectures-Tutorials-Practical {in hours per week): L-T-P: 6-0-0

PART-A. Matrices and Differential Equations
Unit

Topics

No. of

Lectures

‘ Types of Matrices, Elementary operations on Matrices, Rank of a Matrix, Echeton form of a Matrix, Normal form of a Matrix,

1 Inversecf a Matrix by elementary operations, System of linear homegeneons and non-homogeneous equations, Theorems on

12
| consistency of a system of linear equations. ‘—

Eigen values, Eigen vectors and characteristic equation of a matrix, Caley-Hamilton theorem and its use in finding inverse of a

I |matrix,Complex functions and separation into reat and imaginary parts, Expooential and Loegarithmic functions [nverse trigonometric i 11
| and hyperbolic functions, |
Formation of differential equations, Geometrical meaning of 2 differential equation, Equation of first order and first degree,
11

i Equationin which the variables are separable, Homogeneous equations, Exact differential equations and equations reducible (o the

I exaet form, Linear equations.

First order higher degree cquaticns solvable for x, y, p, Clatraut’s equation and singular sclutions, orthogonal trajectories, J

Linear differential equation of order greater than one with constant coefficients, Cauchy- Euler form.

F PART-B. Geometry j
UG MATHEMATICS W ,




Unit | Topics No. of

F Lectures

| v General equation of secend degree, Syslem of conics, Tracing of conics, Confocal conics in two dimentional geometry, | 12|
V1 Three-Dimensional Coordinates, Projection and Direction Cosine, Plane (Cartesian and vector form), Straight line in three dimension. i1
ﬁ .Er}hl;ere and Cone with related roblem-; o o ET
| 2P R L |
VI I Cylinder, Definition only:; Central conicoids, Paraboloids, Plane section of conicoids, Generating lines, Confocal conicoids. 11

.Suééesteﬁ Readings (PART-A Matrices and Dilferential Equations): - 7

1. Stephen H. Friedberg, A.J Insel & L.E. Spence, Linear Algebra, Person

2. B. Rai, D.P. Choudhary & H. I. Freedman, A Course in Differential Equations, Narosa
" 3. D.A. Murray, Intreductory Course in Differential Equations, Orient Longman ‘
1 4. Suggested digital plateform:NPTEL/SWAYAM/MOOCs

5. Course Books published in Hindi may be prescribed by the Universities. |
Suggested Readings (Part-B Geometry):

1. Robert 1.T Beli, Elementary Treatise on Coordinate Geometry of three dimensions, Macrmllan India Ltd.
| 2-PR.Vital, Analytica! Geometry 2d & 3D, Pearson.

3. 8.L. Loney, The Elements of Coordinate Geometry, McMillan and Corapany, London.
| 4. R.).T. Bill, Elementary Treatise on Coordinate Geometry of Three Dimensions, MeMillan India Lid,, 1994,
5. Suggested digital plateform: NPTEL/SWAYAM/MOOCSs
6. Course Books published in Hindi may be prescribed by the Universities.

This course can be opted as an elective by the students of following subjects: Engg. and Tech. (UG), Economics{(UG/PG), Commerce(UG), BBA/
BCA,

1B.Sc.(C.S,)

I - Suggested Continuous Evalﬁation Metheds: Max. Marks: Bl
25

|S ] Assessment ] Max Marks

N Type

1‘1 [ Class Tests S e

iz- Om Objective Tests 7 B - - - . 5 -'

'3 [Pressatation T s

4 |Assignment 1 s ]

Course prereq.uisiteszr To study this course, a student must have subject Mathematics in ¢lass 12% S I |

_Suggested equivalent online courses: i B - - o o

——t — S — _-—  — ——— _— —_—— .- — —_— ,_,4(

Further Suggu-ﬁor;:

UG MATHEMATICS 8



B.Sc.(Mathematics)-11 Year
Diploma in Mathematics



B.Sc.Il (SEMESTER-III) PAPER-I Algebra & Mathematical Methods

Programn‘fe: D.lplnma Semester: Third '-—_T
| Class: B.Sc. Year: Second

[‘ Subject: Mathemafics
] -

Course Code: 0320301 Course Title: Algebra & Mathematical Metbods ‘

NEP Code: BE30301T

Course outcomes:
CO1: Group theory is one of the building biocks of modern algebra. Objective of this course is 1o intreduce students to basic concepts of Group, Ring
theory and their properties.
| co2: A student learning this course gets a concept of Group, Ring, Integral Domain and their propesties. This course will lead the student to basic course
in advanced mathematics and Algebra.
CQ3: The course gives emphasis to enhance students’ knowledge of functions of two variables, Laplace Transforms, Fourier Series.
CO4: On successtul completion of the course students should have knowledge about higher different mathematical methods and will help him in going
for higher studies and research.

i Credits: 6 Core Compulsory
i R ot i IS, L S M UL Rl o 2, 3 k. ISP
Max, Marks: 25+75 Min. Passing Marks:

Total No. of Lectures-Tutorials-Practical (in ﬁours per week): L-T-P: 6-0-0
Part- A. Algebra
Unit Topics

Infroduction to Indian ancient Mathematics and Mathematicians shiould be included under Cantinuous Internal Evaluation

(CIE). |

I | Equivalence relations and partitions, Congruence modulo n, Definition of a group with examples and simple properties, | 12
! Subgroups, Generators of a group, Cyelic groups.

l ;Permutalion groups, Even and odd permutetions, The alternating group, Cayley’s theorem, Direct products, Coset |

II  decomposition, Lagrange’s theorem and its consequences, Fermat and Euler theorems 11 |
I
I Nommal subgroups, Quolient groups, Homomorphism and isomorphism, Fundamental theorem of homomorphism, Theorems 11 |

" ont isomorphism.

| A L = i ——

Rings, Subrings, Integral domains and fields, Characteristic of a ring, Ideal and quofient rings, Ring hormomorphism, Field of

v
quotient of an integral dormain, 11

UG MATHEMATICS 16



Pari- B
Mathematical Methods B
No. of
| Unit .
Topics Lectures

lell and Continujty of functicns of twe variables, Differentiation of function of two vanablcs, Necessary and suff'cmnt condition
v |for differentiability of funciions two variables, Schwarz's, Young theorem, Taylor's theorem (Statements only) for functions of | 12
two variables ‘with examples, Maxima and minima for functions of two variables, Lagrange multiplier method(without preof),

\ \ Jacobians. ‘_l

‘ Existence theorems for Lap ace tragsforms, Linedrity of Laplace transforrn and their properties, Laplace transform of the
Vi |denvauve5 and integrals of a function, Convolution theorem, inverse Laplace transforms, Sohiticn of the differentizl equations ] 11
j using Lap]ace transforros.

' VIl |Fourier seres, Fourier expansion of piecewise monotonic functions, Half and full range expansions, Fouriet transforms (finite I 11
and infinite). 1

{

! Caleutus of variations-Variational problems with fixed boundaries- Euler's equation for functionals containing first order I 1
vy derivative and one independent vanable, Extremals, Functionals dependent on hlgher order derivatives,

Suggested Readings(Part-A Algebra): - {
1. 1.B. Fraleigh, A first course in Abstract Algebra, Addison-weley
2. I.N. Herstein, Topics in Algebra, John Wiley & Sons
3. Suggested digital piateform: NPTEL/SWAYAM/MOOCS
4. Course Books published in Hindi may be prescribed by the Universities.
Suggested Readings (Part- B Mathematical Methods):
1. T.M. Apostal, Mathematical Analysis, Person
2, G.F. Simmons, Differential Equations with Application and Histor{eal Notes, Tata -MeGrawHill
3. Erwin Kreyszig, Advanced Engineering Mathemalics, John Wiley & Sons.
4. Suggested digital plateform: NPTEL/SWAYAM/MOOC s
5. Course Books published in Hindi may be preseribed by the Universities.

\ This course can be opted as an elective by the students offollowmg subjects: Engg. and Tech. (UG) B.Sc.(C. S)

L Sugge‘stta:iantlnuous Evaluation Methods: Max, Marks: 25 I |
| S Assessment 7 - | Max. Marks |
4_Ng_ e I — Type e o
| 1 [ Class Tests 10
IZJ Online Quuzes:’ObJem_\:ele}ts"—' == - o o _:;_ - . —?-—: | _:“S':—
[ Presentation [ 5
-Ll}smgnment (]nrroductwn to Indi;;;n:;nt \’lathematlcs and Mathcmattclans) = B - o l o 5 N
Course prereqmsltcs To study this course, a srudcn! musl have subject Mathematics in class 12t e T ) )
' Suggested equivalent online courses: - B T B

Further Suggestions:

UG MATHEMATICS 1



B.Sc. II (SEMESTER-IV) PAPER-I Differential Equations & Mechanics

Year: Second Semester: Foarth '

Subject: Mathematics

Programme: Diploma
Class: B.Sc.

Conrse Code: (420301 Course Title: Differential Equations & Mechanics
NEP Code: B030401T

Course outcomes:

COI: The objective of this course is to familiarize the students with various metheds of solving differential equations, partial differential equations of first
order and second order and to have qualitative applications.

CO2: A student doing this conrse is able to solve differential equations and is able to model problems in nature using ordinary differential equations. After

completing this course, a student will be able to take more courses on wave equation, heat equation, diffusion equation, gas dynamics, non linear evolution
equation etc. These entire courses are important in engineering and industrial applications for solving boundary value problem.
CO3: The object of the paper 1s to give students knowledge of basic mechanics such as simple harmonic motion, motion under other laws and forces.
CO04: The student, after completing the course can go for higher preblems in mechanic such as hydredynamics, this will be helpful in getting smployment in|
industry. \
Credits: 6 | Core Compulsory / Elective ]
Max. Marks; 25+75 ‘ Min. Passing Marls: j
| Total No. of Lec-tu—t:s-Tutorials-Pracﬁcal {in hours per week): L-T-P: 6-0-0 . N__.
Part- A
L Differential Equations
Unit | T Topies = = T T T Noof
| | Lectures
‘&S'econd order linear differential equations \quh—variable coefficients: Use of a known solution to find another, normal form, methed (
1 of undetermined coefficient, varation of parameters. 11
% Elementary idea of Pomries solutio;n@_ecmd order. orginary differential equations{OD-E); Ba;se]s‘and Legender ﬁ.l?{ions and \ 12.
| lvtheir properties . o - o — -
| Origin of first order pactial differential equations. Partial differential equations of the first order and degres one, Lagrange's solution,
|  Partial differential equation of first order and degree greater than ene. Charpit's method of solution, 11

Origin of second order PDE, Sclution of partial differential equations of the second and higher order with constant
I Q2 coefficients, Classification of linear partial differential equations of second order, Solution ef second order partial differential 11

equations with vanable coefficients, Monge's method of solution.

Part- B

Mechanics

UG MATHEMATICS W 12




Unit Topic No. of
I ) Lecture
]
| v Frame of reference, work energy principle, Forces in three dimensions, Poinsot's central axis, Wrenches, Null lines and pianes. [ 11 \
V1 Virtual work, Stable and Unstable equilibrium, ’ 11
: Velocities and accelerations along radial and transverse directions, and along tangential and nermal directions, Simple
' Harmonic motion, Moticn under other law of forces. Elastic strings, Motion in resisting medium, 11 {
I I S o R S Ry S L, P R P _
VIII | Constrained motion, Motion on smeoth and rough plane curves. Central orbit, Kepler's laws of motion, Motion of particle in three 12 |
Idimensions |
Suggested Readings(Part-A Differential Equations): ]

1. G.F. Simmons, Differential Eguations with Application and Historical Notes, Tata -MeGrawHill
2. B. Raj, D.P. Choudhary & H. J. Freedman, A Course of Ordinary Differential Equations, Narosa

3. [an N. Snedden, Elements of Partial Differential Eguations, Dover Publication
4, L.G. Elsgolts, Differential Equation and Caleulus of variations, University Press of the Pacific.
5. Suggested digital plateform:NPTEL/SWAYAM/MOOCs
6. Course Books published in Hindi may be prescribed by the Universitics.
Suggested Readings(Part-B Mechanics):
l. R.C. Hibbeler, Engincering Mechanics-Statics, Prentics Hall Publishers
2. R.C. Hibbeler, Engineering Mechanics-Dynamics, Prentics Hall Publishers
3. A. Neison, Engineermg Mechanics Statics and Dynamics, Tata MeGraw Hiil
4. J.L. Synge & B.A. Griffith, Principles of Mechanics, Tata McGraw Hill
5. Supgested digital plateform:NPTEL/SWAYAM/MOOCs
6

. Course Books published in Hindi may be prescribed by the Universities,

This course can be opted as an elective by the students of following subjects; E—ngg. and Tech. (UG), Economics(UG/PG), B.Sc.(C.8.)

Suggested Continucvs Evaluation Methods: Max. Marks:
25

S Assessment | Max. Marks

N Type

i1 4 Class Tests 1
J.Z Online Quizzes/ Objective Tests 5
—3 . Presentation o ) . ' 5
5

—

0

4 | Assignment

| Course prerequisites: To study this course, a student must have Certificate Course in Applicd Mathomatics

| Suggested equivalent online courses:

| Further Suggestions:

NSNS
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B.Sec. HI (SEMESTER-V) PAPER-] Group and Ring Theory & Linear Algebra

| Programme: Degree Year Third Semester: Fifth

Class: B.Sc. ] N }

-t G — —_— —_— i

Subject; Mathematics

Course Code: 0520301 l Course Title: Group and Ring Theory & Linear Algebra

NEP Code: BO305S0IT

| Course outcomes:

.! CO1: Liner algebra is a basic course in almost all branches of science. The objective of this conrse is to infroduce a student to the basics of linear algebra

| andsome of its applications.

CO2: Students will be able to know the concepts of group, ring and other related properties which will prepare the students to take up farther applications in |
the relevant fields.

CO3: The student will use this knowledge in computer science, finance mathematics, industrial mathematics and bio mathematics. After completion of this
course students appreciate its interdisciplinary mature.

|
Credits: 5 Core Compulsory bl

Max. Marks: 25+75 7 o Min, Passing Marks: 33

Total No. of Lectures-Tutorlals-Pracncal (m hours per week): L—T—P 5-0- 0

-
|
S g

PART-A

Group and Ring Theory

No of

Unit Tapics
[ Lectures

. Introduction to Indian ancient Mathematics and Mathematicians should be included under Continuous Internal Evaluation i
[ (CIB) P10

! Automorphism, inner antomorphism, Autemorphism groups, Antcmorphism greups of finite and infinite cyclic groups.

11 Charactensnc subgroups, Comlnutator s-ml.rmup and its plopemes Applications of faclor groups to 'm[omorphlsm groups. 1¢

Polynomlai fings over corrunutatlve nngs Division als,onthm and consequences, Principal ideal domains, Factorization of’
- polynomials, Reducibility tests, irreducibility tests, Eisenstein criterion.

Divisibility in integral demains, lneducibles, Primes, Unique factorization domains, Euclidean domains. 9

LYo e L R R R

S
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PART-B

Linear Algebra

Unit Topics

EJiT 7

' Linear transformations, The Algebra oﬂmear Lransi'ormatmns rank and nu 1 space,

VII ‘ Rank nullicy thcorcm their rapresentanon 2 matrices., C hdnge of basis, Characmr:stlc values Cayley Harm ton Theorem

Inner product spaces and norms, Cauchy-Schwarz inequality, Orthogonal vectors, Orthonormal sets and bases, Bessel’s inequality for
vir | finite dimensional spaces, Gram-Schmidt orthogonalization process. ‘ 9

Suggesied Readings:

1. Topics in Algebra by . N. Herstein,

2. Linear Algebra by K. Hoffman and R. Kunze.
3. Suggesied digital plateform:NPTEL/S WAYAM/MOOCs

4. Course Books published in Hindi may be prescribed by the Univers-itiss.

i This coursecan be opted as an elective by the studenis of following subjects: Engg. and Tech, (UG), BCA, B.5¢.{C.8.)

Suggested Contmuous Eva[uanan Methods: Max. Marks:
25

' 8 Assessment Type Max. Marks

N

\ 1 | Class Tests 10

r_“ Qnuline Quuzes/ Objective Tests 5

3 | Presentation 35

Id J A551gnment {lntroduchun to Indian ancient Mathcmancs and Mathematicians) 5

Course prerequisites: To study this course, a student must have Diploma in Mathersatics

Suggested equivalent online courses:

Further Suggestions:

UG MATHEMATICS 16
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Vector spaces, Subspaces, Linear independence and dependence of vectors, Basis and Dimension, direct sum and Quetient space. | 10

1
No. of

| |
Lectures



B.Sc. III (SEMESTER-V) PAPER-II (i) Number Theory & Game Theory

Programme: Degree Year: Third Semester: Sixth
| Class: B.Sc. (

Subject: Mathematics

Course Code; 0520302 Course Title: Number Theory & Game Theory
Code: BO30502T v‘
!

Course putcomes:

CO1: Upon successful completion, students will have the knowledge and skills to solve problems in elementary number theory and alsc apply
elementary

! number theory to cryptography.

CO2: This course provides an introduction to Game Theory, Game Theory is a mathematical framework which makes possible the analysis of the decision
making process of interdependent subjects. 1t is aimed at explaining and predicting how individuais behave in a specific strategic situation, and
therefore help improve decision making.

CO3: A sitgation is strategic if the cutcome of a decision problem depends on the ehoices of more than one person, Most decision problems in real life are
strategic.

€04: To illustraie the concepls, real-world examples, case studies, and classroom experiments might be used.
Credits: 5 : Elective
Max. Marks: 25+75 | Min. Passing Marks: 33
Total No. of Lectures-Tutorjals-Practical (in hours per week): L-T-P: 3-0-0
Part- A
Number Theory !
. Topics No. of

Lectures

{ Theory of Numbers
I Divisibility; Buclidean algorithm; primes; congruences; Fermat’s thecrem, Euler’s theorem and Wilson’s theorem; Fermat’s
f quotients and their elementary consequences; solutions of cengruences; Chinese remainder theorem.

Cungruences 1
l Congrucnce modulo powers of prime; primitive roots and their existence; quadraric residues; Legendre symbol, Jacobi symbol,

! ¥ w Mobious Function and Euler’s phi Functmn
B !Dlophannne Equations - - - T 1
m | Satutions ef ax + by = ¢, x# + y* = 27 properties of Pythagercan triples; sums of two and four squares; assorted examples of
| diophanting equations.

\
TGeneraﬁng Functions.and Recurrence Relations j
Generating Function Models, Calculating coefficient of generating functions, Partitiens, Bxponential Generating Functions, A
IV |Summation Method. Recurrence Relations: Recurrence Relation Medels, Divide and conquer Relations, Solntion of Linear,
L \ Recurrence Relations, Solution of Inhomogeneous Recurrence Relations, Solutions with Generating Functions.

=
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B . - - pPartB . 1

‘ Game Theory
Unit N No. of
i To;:nc Lecture

i | Introduction, overview, uses of game theory, some applications and exampies, and formal definitions of: the normal form,

‘ payoffs strategles, pure strategy | Nash equilibrium.
VI lmroductmn characteristic of game theory, Two- persou zero-sum game Pure and Mixed strategies, S8addle point and its cxxstenu:. | 10
{ Fuudamental Theorem of Rectangular games, Concept of Dominance, Dominance and Graphical method of solving .
VII | Rectangulargamcs. 9
. Relationship between rectanguiar game and Linear Programming Problem, Solving rectangular game by Simplex method reduction !
VlII ofm x n game and solution of 2x2, 2 x 5, and r x 2 cases by graph]cal method. I 9
Suggested Readings {Part-A Number Theory ):
1. Niven, I., Zuckerman, H. 8. and Montegomery, H. L. {2003) An Int. to the Theory of Numbers (6th edition} John Wiley and sons, Inc., New York.
2. Burton, D. M. (2002} Elementary Number Theory {4th edition) Universal Beok Stall, New Deihj.
3. Balakrishnan, V. K. {19%4) Schanm’s Outline of Theory and Probiems of Cembinatorics including Concepts of Graph Theory, Schaum’s Outline.
4.Balakrishnan, V. K. (1996} Introductory Discrete Mathematics, Dover Publications.
5.Suggested digital plateform:NPTEL/SWAYAM/MOOCs |
6. Course Books published in Hindi may be prescribed by the Universities. ]
Suggested Readings (Part-B Game Theory):
1. Martin Osborme, An Introduction to Game Theory, Oxford University Press, 2003 ]
‘ 2. Vijay Krishna, Gane Theory, Academic Press.
3.Prajil Dutta, Stmlegies and Games, MIT Press, (Wﬁbsit& l) hitpiwww.cee slevens-tech, edw/~ceopmisieeRlGe il
5. Altan MacKenzie, Game Theory for Wireless Engineers, Synthesis lectures on Communications, 2006
6. Suggested digitai plateform:NPTEL/SWAYAM/MOOQCS
7. Course Books published in Hindi may be prescﬂbed by the Universities.
This course can be opted as an clective by the students of fo]lowmg subjects: Engg a.nd Tech. (UG), B. Sc (C 5 ) : —’
Suggested Continuous Evaluahon Metheds: Max. Marks:
25
i S | Assessment ‘ Max. Marks
N ‘ Type ‘
i Class Tests | 10 \
2 Onhne Quizzes/ Objechve Tests : 5 .
3 1 Presentation 5 1
4 \ Assignment 5

‘Eourse prerequisites: To study this course, a student must have Diploma in Mathematics

Suggested equivalent online courses: |

| Further Suggestions: |

UG MATHEMATICS 18



B.Sc. III (SEMESTER-V) PAPER-1I (ii) Graph Theory & Discrete Mathematics

| Programme: Degree | Year: Third ' Semester: Sixth
 Class: B.Se.

Subject: Mathematics

Course Code: 520303 Course Title: Graph Theory & Discrete Mathematics
NEP Code: B030502T

Course outcomes:

CO1: Upon successful completion, students will have the knowledge of various types of graphs, their terminclogy and applications.

CO2: After Successfil completion of this course students will be able to understand the isomerpkism and homomorphism of graphs. This eourse covers the
{ basic concepts of graphs used in compuier science and other disciplines. The topics include path, circuits, adjacency mateix, tree, coloring.. After successful

completion of this course the student will have the knowledge graph coloring, color problem, vertex colering.

CO3: After successful completion, stedents wiil have the knowledge of Logic gates, Kamaugh maps and skills to proof by using truth tables. After
] Suceessful completion of this course students will be able to apply the basics of the automation theory, transition function and table. |
CO4: This canrse covers the basic concepls of discrete mathernatics used in computer scignce and other disciplines that involve formal reasoning. The

topics include logic, counting, refations, hasse diagram and Boolean algebra. After successful completion of this course the student will have the

knowledge in

| Mathematical reasoning, combinatorial analysis, discrete structures and Applications.

| Credits: 5 Elective
Max. Marks: 25+75 Min. Passing Marks: 33
Total Neo. of Lectures-Tutorials-Practical (in hours per week): L-T-P: 5-0-0
Part- A
Graph Theory |
Unit Topics No. oi:
Lectures
1 Flntroduclion o graphs, basic properties of graphs, Simple graph, multi graph, graph lerminology, representation of graphs, | 10

i Bipartite,regutar, planar and connected graphs, connected components in a graph, Euler graphs, Directed, Undirected, multi-graph, |
» mixed graph.

| II i Walk and unilateral components, unicursal graph, Hamiltonian path and circuits, Graph colouring, chromatics pumber, isomorphism \ 9
and homomoerphism of graphs, Incidence relation and degree of the graph.

Operation of graph cifcuit, Path and circuits, Euvlerian circuits, Hamilionian path and  cycles, Adjacency matrix, Weighted
I graph, Travelling salesman problem, Shortest path, Dijkstra’s algorithm. 9 '
RS

v Tree, Binary and Spanning trees, Coloring, Colorproble-}ns, Vertex coloting and important properties.

e
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Part- B
Discrete Mathematics

[Unit & No. of
1 Topics

\
'i

Lectures

: Propositional Logic- Proposition logic, basic logic, logical connectives, wuth tables, tautologics, contradiction, normal forms
{conjunctive and disjunctive], modus ponens and modus tollens, validity, predicate logic, universal and existential quantification,

)
v
1

praofby implication, converse, inverse contrapositive, contradiction, direct proof by using truth table. 10 |
[Relatiun— Definition, types of relation, domain and range of a relation, pictorial representation of relation, properties cf relation, l
VI partial ordering relation, Represcntation of Posets using Hasse Diagram, Chains, Maximal and Minimal Point, Glb, Lub, Lattices and 10
its basic propertizs

VIl | Boolean Algebra- Basic definitions, Sum of products and products of sums, Logic gates Switching Circuits and Karnaugh maps

VIII | Combinatories- Inclusion- exclusion, recurrence relations (nth order recurrence relation with constant coefficients, Homogeneous | 9
recurrence relations, Inhomogeneous recurrence relations), generating function (closed form expression, properties of G.F,, solution of |
recurrence, relations using G.F. sclution of combinatorial preblem using G.F.) |

Suggested Readings (Part-A Graph Theory):
1. “Graph Theory with Applications to Engineering and Computer Science™ by Narsingh Dec
. 2. “Introduction to Graph Theory™ by Douglas B West

3. “Graph Theory with Algorithros and lis Applications: In Applied Science and Technology™ by Santanu Saha Ray
I 4, Suggested digital plateform:NPTEL/SWAYAM/MOOCs

5. Course Books published in Hindi may be prescribed by the Universities.

\Suggested Readings (Part-B Discrete Mathematics):
1, Diserete Mathematics by C. L.Liu. l
1 2, Discrete Mathematics with computer application by Trembley and
Marnohar. 3, Discrete Mathematics and Its Applications by Kenneth H.
Rosen
14, Suggested digital plateform:NPTEL/SWAYAM/MOOCS l
| 5. Course Books published in Hindi may be prescribed by the Universities. l

This course can be opted as an elective by the students of following subjects: Engg. and Tech. (UG), B.Sc.(C.S)
Suggested Continuous Evaluation Wethods: Max, Marks: 25

—

|5 Assessment Type Max. Marks
N
1 | Class Tests 10

|2 | Online Quizzes/ Objective Tests 5

3 ‘T Presentation I 5

4 | Assignment | 5

Course prerequisites: To study this course, a student must have Diploma in Mathematics |
Suggested equivalent online courses:

Further Suggestions:
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B.Sc. ITI (SEMESTER-V) PAPER-1 (iii) Differential Geometry & Tensor Analysis

Programme: Deéree . Year: Third Semester; Sixth
| Class: B.Se. |
Iﬁ Subject: Mathemancs o
C;;rse Code: 0520304 I T Course Title: Differential Geomctry & Tensor Ana?ysls o o ‘

NEP Code: B030502T
‘ Cenrse outcomes:

CO1: After Successful completion of this course, students should be able to determine aod caiculate curvatue of curves in different coordinate systems.
IC()Z: This course covers the Local theery of Curves, Local theory of surfaces, Geodssics, Geodesics curvature, Geodesic polars, Carvature of curves

| on surfaces, Gauvssian curvature, Normal curvature etc.

CO3: After Successful completion of this course, students should have the knowledge of tensor algebra, different types of tensors, Riemannian space, Ricei
tensor, Einstein space and Binstein tensor etc.

Credits: 5 Elective
Max. Marks: 25+75 Min. Passmg Marks 33

' Total No of Lectures-Tutorials-Practical (in hours per weck): L T-P: 5 0-0 }
Part- A l
Differential Geometry J

e e — S £+ s il - o S = i
No. of |
Unit Topics | Lectures [

= 2 e P — E— ’ -

' Local theory of curves-Space curves, Examples, Plane Curves, tangent and normal and binormal, Osculating Plane, normal plane and

1rectifying plane, Osculating circle, oscutating sphere Helices, Serret-Frenet apparatus, contact between curve and surfaces, tangent 10
surf f'dces involutes and evolufes of curves, Bertrand curves, Intrinsic equatlons fundamental emstence theorer for space curves,
¥ — —_— —_— 1— —
| Local Theory of Surfaces Parametric patches on surface curve of a surface, famﬁy of surfaceb {one paramster), edge of
| I regression,ruled surfaces, skew miled surfaces and developabie surfaces, surfaces of revolutmn Helicoids. 9

\JISLFIC ﬁrst ﬁmdamental form and arc length Dlrecnon coefﬁ;:)ents famllzes of curves, intrinsic properties, geodesics,
| canonicalgeodesic equations, normal properties of geodesics, geodesics cnrvature, Geodesic polars, |

! Gauss-Bonnet theorem, curvature of curves on surfaces, Gaussian curvature, normal curvature, Meusneir's theorem, mean
| curvature,Gaussian curvature, umbilic points, lines of curvature, Rodrigue’s formula, Euler’s theorem.

N

—
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Part- B

Tensor Analysis
Unit | No. of
Topi
. f‘c Lecture
-—— i §
v Tensor algebra: Vector spaces, the dual spaces, tenser product of veclor spaces, transformation formulae, contraction, special 10 |

tensors-symmetric tensor, inner product, associated tensor with examples.

Vi Tenser Analysis: Contravariant and covariant vectors and tensors, Mixed tensors, Symmetsic and skew-symmetric tensors, Algebra of
tensors, Contraction and inner product, Quotient theorem, Reciprocal tensors, Christoffel’s symbols, Law of transforrmation of
Christoffel’s symbols, Covariant differentiation, non- commutativity of Covariant derivative,

VI | Gradient of scalars, Divergence of a contravariant veclor, covariant vector and conservative vectors, Lapiacian of an invariant, curl of l 9
acovariant vector, irrotational vector, with examples.

R Rontahbaisina i I
VIl | Riemannian space, Riemannian curvatures and their properties, geodesics, geodesic curvature, geometrical interpretation of ‘ 9
I curvatiretensor, Ricei tenser, scalar curvature, Einstein space and Elnstein tensor. i

‘\guggested Readings (Part-A Differential Geometry):

1. T.J. Willmore, An Introduction 10 Differential Gecmetry, Dover Publications, 2012,
2. B. O'Neill, Elerentary Differential Geomelry, 2nd Ed., Academie Press, 2006.
3. C.E. Weatherbumn, Differeiitial Geometry of Three Dimensions, Cambridge University Press 2003.
4, D.J. Struik, Lectures on Classical Differential Geomelry, Dover Publications, 1988,
. 5. 8. Lang, Fupndamentals of Differential Geometry, Springer, 1999.
6. B. Spain, Tensor Calculus: A Congise Course, Dover Publications, 2003.
7. An Introduction to Differentizl Geometry {with the use of tensor Caleulus), L. P. Eisenhart, Princeton University Press, 1940.
8. Tensor Analysis, Theory and Applications to Geometry and Mechanics of Continua, 2nd Edition, 1. S. Sokelnikoff, John Wiley and Sons., 1964,
9. Buggested digital plateform:NPTBL/SWAYAM/MOOCs
10. Course Books published in Hindi may be prescribed by the Universities.

Suggested Readings (Part-B Tensor Analysis):
1. Tensors- Mathematics of Differential Geometry by Z. Ahsan, PHL2015
2. David C. Kay, Tensor Analysis, Schaum's Qutline Series, McGraw Hill 1988.
3. R. S, Mishra, A Course in Tensors with Applications te Reimannian Geometry, Pothishala Pvt. Ltd, Allahabad.
4. Suggested digital plateform:NPTEL/SWAYAM/MOQOCS
5. Course Books published in Hindi may be prescribed by the Universities.

| IR N
.! This course can be opted. as an elective by the students of following subjects: Engg. and Tech. (UG), B.8¢.(C.8)
Suggested Continrous Evaluation Methods: Max. Marks: 25

Sal Assessment Type % Max. Marks

ez o TS |

1 | Class Tests 10
Online Quizzes/ Objective Tests 5
3 ‘ Presentation i 5

4 ‘ Assignment 5 |

Course prerequisites: To study this course, 2 student must have Diploma in Mathematics |

Suggested equivalent online courses:

l Further Suggestions:
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B.Se. LIT (SEMESTER-VI) PAPER-I METRIC SPACES & COMPLEX ANALYSIS

Programme: Degree
Class: B.Sc.

Year: Third | Semester: Sixth

Subject: Mathematics

Course Code: 0620301 Course Title: METRIC SPACES & C-OMPLEX ANALYSIS
NEP Code: B030601T |

Course outcomes:

CO1: The course is aimed at exposing the students to foundations of analysis which will be useful in undersianding various physical phenomena and gives

| the stadent the foundation in mathematics.

1o the student in understanding pure mathematics and in research.

‘

take up further applications in the relevant fields.

Credits:-d Core Compulsory
Max. Marks: 25+75 Min. Passing Marks: 33

’ Total Mo. of Lcctures—Tu;)r;]s-Pracﬁcal (in hours per week): L-T-P: 4-6-0

Part-A.  Metric Spaces

Unit 7 Topics

" Basic Concepts
I
1 1  Metric spaces: Definition and examples, diameters in Metric Space, Boundsd and Unbounded Mefric Space.

C02: Afier completion of this course the student will have rigorous and deeper understanding of fundamentat concepts in Mathematics. This will be helpful

| CO3: Students will be able to know the concepts of metric space, basic concepts and developments of complex analysis which will prepare the students to

No. of

Lectures

i Topology of Metric Spaces
1 | Open and closed ball, Neighborhood, Cpen set, Interior of a set, limit point of a stt, derived set, closed set, closure of'a

| set,Subspaces, Dense set,

l Completeness in Metric Spaces

ol . . ) 4
Sequences in meiric spaces, Cauchy sequences, Complete metic space with Examples, Canter intersection Theorem

Confinuity & Uniform Continuity in Metric Spaces

Contirucus mappings, Sequential eriterion and other characterizations of continuity, Uniform continuity, Homeomorphism,

v 7
Contraction mapping, Banach fixed point theorem

UG MATHEMATICS
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| Part- B
I Complex Analysis

| Unit No. of
| Topics Lecteres

v i Functions of complex variable, Mappings; Mappings by the exponential function, Limits, Theorems on limits, Limits involving the
i point at infinity, Continuity, Derivatives, Differentiation formulae,

8

Cauchy-Riemann e¢quations, Sufficient conditions for differentiability; Analytic funciions and their examples, Harmonic Funetion, [

VI ' method of construction of a regular function(Milne-Thomson's Method.. 3

—

VII | Conformal Mapping, nece. & suff. Condition; inverse point, kilingar transformation, critical poiny, cross ratio, fixed point,

i VII1 | Exponential functions, Logarithmic functions, branches ard derivative of iogarithmic function, Trigonemetric functions, Derivative 7
of functions. Definite integral of functions, contours, conteur integrals and its examples, upper bound for meduli of contour integrals |

Suggested Readings (Part-A Metric Space):
1. Mathematical Analysis by Shanti Narain.
2. Shirali, Satish & Vasudeva, H. L. (2009). Metric Spaces, Springer, First Indian Print.

i 3. Kumaresan, 8. (2014). Topology of Metric Spaces (2nd ed.). Narosa Publishing House. New Dethi,
4, Simmons, G. F. (2004). Introduction to Topology and Modern Analysis. Tata McGraw Hill. New Delhi,
3. Suggested digital plateform:NPTEL/SWAYAM/MOOCS.

| 6. Course Baoks published in Hindi may be prescribed by the Universities.

i Suggested Readings (Part-B Complex Analysis):

l 1. Function of Complex Variable by Shanti Narain.

1 2. Complex variable and applications by Brown & Churchill.

3. Suggested digital plateform:NPTEL/SWAYAM/MOOCS.
4. Course Books published in Hindi may be prescribed by the Universities,

| This course car: be opted as an elective by the sudents oi:fo]lowing subjects: Engg. and Tech. (UG), B.Sc.(C.8)
Suggested Continuouas Evaluation Methods: Max. Marks:

F 25
S Assessment Max. Marks
N Type

1 jCIass, Tests 10 7

2 | Online Quizzes/ Objective Tests 5

3 | Presentation |
1 RIS — e
"4 | Assignment 5

Course prerequisites: To study this course, 2 student must have Diploma in Mathematics

Suggested equivalent online courses:
Further Suggestions: !
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B.Sc. III (SEMESTER-VI) PAPER-II Numerical Analysis & Operation Research

- A =i S
Year: Third Semester; Sixth

Programme: Degree
Class: B.Sc.

Subject Mathemahcs

| Course Code: 0620302 7 Course Tltle. Numerical Analysm & Operatnons Research
NEP Code: BO30602T .

Course outcomes;

|

CO1: The aim of this course is to teach the student the application of various numerical technique for variety of problems occurring in daily life. At the end
ofthe course the student will be able to understand the basic concept of Numerical Analysis and to soive algebraic and differential equation.

I CO2: The main outcome will be that students will be able to handle problems and finding approximated solution. Later he can opt for advance course
in Numerical Analysis in higher Mathematics.
CO3: The student will be able te solve various problems based on cenvex sets and linear programing, Afier successful completion of this paper will

j enable the students to apply the basic concepts of transportation problems and its related problems to apply in further concepts and

application of operations

| research.
L Credited "~ Core Compulsory T
{ Mm A Min, Passmg Marks 33 -
- B - Tota??o m&; ;ljlx;o;;l;-;rﬂm;:ammu:s i)er week): L- T P: 4-6- 0—_ Sv=as B B
PART-A
Numerical Analysis
Unit | - s Topics . g ?Vo. of_
Lectures
Ermrs in computations, floating pomt representation of numbers, sngmﬁ@ digits, rounding aﬁd;};o;ng errors, absolute and (
I ' relative errors, computation of errors using differentials, truncation errors. Solution of algebraic and transcendental equations; 3
| bisection, Secant, Regular Faisl Newton Raphson s method Newton'’s method for muttiple roats.
- Caculus of finite dxﬁ'ercnces_, Imerpo]ahon,Lagrange and Herrm_te mlerpo]atlon, New’t;;: a@d Ei;f;;ce-fonnu la, Interpolation 8—— i
i fommla using dlf"fercnces
il? Numemcal differentlanon using Newtcn s forwarded and b;cg;dgo%u\a dlfferennanon by central and divided dlfference == ;’
L formula Numerieal ]rifegratmn Trapezo:dal chdlc Slmpbunb Newton Cotes Formulas, Gaussmn Quadranc Formulas.
o System of Linear equations: Direct method for solving systems of hnear eqﬁatlons (Gauss elunmatmn LU Decomposition, Cholesky
v 7

| Decomposition), [terative melhods (Jacobi, Gavss Scidel, Relaxation methods).
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PART-B. Operationsi Research

Unit | Topics No. of
|
Lectures
v Introduction, Linear programming problems, staternent and formation of general linear programming problems, graphical 8

methed, slack and surplus variables, standard and matrix forms of linear programming problem, basic feasible solution.

F Vi Convex sets, fundamental theorem of linear programming, basic solution, Simplex method, introduction to artificial variables, ]
{ _two phase method Big-M method and their comparison,

N SRR

VII  Resolution of degeneracy, duality in linear progranmning problems, primal dual relationships, revised simplex method, 7

sensitivity analysis. [

: | b
| VI  Transpertation probiems, assignment problems. 7

| Buggested Readings(Pari-A Numerical Analysis):

!

| 1. Numerical Methods for Engineering and scientific computation by M. K. Jain, S.R.X. Iyengar & R.K. Jain. l
| 2. Introductory methods of Nunzerical Analysis by S. S. Sastry

3. Suggested digital plateform:NPTEL/SWAYAM/MOQCs

4. Course Books published in Hind: may be prescribed by the Universities.

Suggested Readings(Part-B Operation Research):
‘ 1. Taha, Hamdy H, "Opearations Research- An Introduction ", Pearson Education.

2.Kanti Swarup , P. K. Gupta,, Man Mchan Operations research, Sultar Chand & Sons

3. Hillier Frederick 8 and Lieberman Gerald 1., “Operations Research™, McGraw Hill Publication.

4. Winston Wayae L., “Operations Research: Applications and Algorithms”, Cengage Learning, 4t Edition.

5.Hira D.S. and Gupta Prem Kumar, “Problems in Operations Research: Principles and Solutions”, 8 Chand & Co Ltd.

6. Kalavathy S., "Operations Research”, 8§ Chand.
i 7. Suggested digitai plateform:NPTEL/SWAYAM/MOOCs.
% 8, Course Books published in Hindi may be prescribed by the Universities,

\l This course can be opted as an elective by the students of following subjeets; Engg. and Tech. (UG), Economics{UG/PG), B.Sc.{C.5.}

Suggested Continuous Evaluation Methods: Max. Marks: 25 |

e o B NG

S Assessment Type ; Max. Marks
N
—== - : |

1 | Class Tests 10
|2 i Online Quizzes/ Objective Tests 5

— e ——

|3 | Presentation 5

4 | Assignment 5 !
L i e e N S SO Y.~ ARy~ St = I s W e Y ok~ S = e Iy et

Course prerequisites: To study this course, a student must have Certificate Course in Applied Mathematies

| Suggested equivalent online courses:

LF urther Suggestions:
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B.Sc. II1 (SEMESTER-VI} PAPER-III Practical

Programme: Degree Year: Third Semester: Sixth |
| Class: B.Se.

Subject: Mathematics

Course Code: 0620380
NEP Code; BO30603P

’- . - . . - . N . v
Course oufcomes; The main objective of the course is 1o equip the stadent to solve the transcendental and algebraic equatiens, system of linear equaticns,
ordinary differential equations, Interpoiation, Numerical Integration, Method of finding Eigenvalue by Power method (up to 4 % 4 ), Fitting 2 Polynomial
Function (up fo third

Course Title; Practical

Credits: 2 l Core Compulsery
Max. Marks: 180 ' Min. Passing Marks: 33
Total No. of Lectores-Tuforials-Practical (in hours per week): L-T-P: 0-0-4

Topics No. of

| Lectures

Practical / Lab work to be performed in Computer Lab. t
; List of the practicals to be done using computer algebra software (CAS), for example Mathematica/MATLAB/Maple/ Maxima/
Scilabete
1. Selution of transcendental and algebraic equations by \
i) Bisection method ‘
I

ii) Newton Raphson methed (Simple root, multiple roots, complex roots).
ii)Secant method.
iv}Reguia Falsi method. l
2. Soluticn of system of linear equations
i) LU decomposition method |
i1) Gaussian elimination method |
iiiyGanss-Jacobi method
iv)Gauss-Seidel method
3. Numerical Integration
(i) Trapezoidal
(ii) Simpson’s 1/3
(i)  Simpson’s 3/8
{iv) Weddle, Newton Coles Formulae

i
1

Suggested Readings:
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B.Sc. MATHEMATICS) Honours
Or
Graduate in Mathematics Honours
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COURSE-I : Absfract Algebra

Programme/Class: B.Sc. Year: B.S¢. Mathematics Honours Semester: Seventh

| Course Code: 0720321 Course Title: Abstract Algebra Theory

structures, and comparing structures.

| Courge Outcomes (CQHs):

COL.Ability to salve nop-trivial problems based on various concepls in tie course.

CO2. Determining the conncetion and ansiy amid formerly studied mathemmics (discrclec mathemalics} and advanced mathemalics (advanced abstract mathematics).
C03. Ability to apply abstract algebra to selve problems in vther branches of mathematics and alse in other diseiplines.

CO4. Describing retationship between Absiract Algebra and other courses in mathematics,

C05. Understanding the dependency of resubts based on earlier results. and thereby developing a correct approach towards life realizing the decp connection among past,
present and future. For example, in ring theory, the ring of polynomizls overa field is a gift of the division algovithm.

CQ6. Pagsessing pre-requisites for pursuing research in Cryplography

Max Murks

Course Objectives: Acquiring sbility for defining algebraic structures, constrecting substuctures, anslyzing a given siructure, developing new structures bascd on given

Credits: 4 Core Compulsory {Int. + Ext.): 25+75 Total = 100

| Minimum Marks: 40

Teaching Hours = Lecture-Tutorial-Practical (L-T-P) : 4-0 {Font Hours in 2 week) or 60 Lectur¢ Hoars in a Semester
Unit
| Definitions of a group, Subgroups, Cyclic group, Permufation group, Even and odd pemutation; |
! statement of Cayley's thearem, Lagrange’s theorem; definitions of Normal subgroup, Quetint group.
1 { Ring, Subrings. Integral domain and field, Ideal and quotient ring, avicinorphism, tnner automorphism, 15
Polyromial ring over commutative ring. definition of division algorithm, principal ideal domain,
Reducibility tests, Irredueibility tests, Eisenstein criterion. Unique {aclorization domains, Euclidean
domain

Course Topic No. o Lectores Hoars

] Cauchy's theerem for finite abelian group, Cauchy's theorem for an arbilrary finite group, Fundamental
I + theorem on hornemerphism of groups. Second and third law of isometphism of groups, Maximal 15

subgroup, Composition senes, Jordon Holder’s theorem, Subnormal and normal series, Soivable
] groups, Charretesistic property of selvable groups

T H | Direct products, External Direct products, Intetnal Direct products, Sylow p-subgroups, Sylow's first
theorem, Double cosets. Sylow's second and third theorem, Applications of Sylow’s theorem. §

The fundamental theorem on finite abelian groups, Invariants of fisite abelisn groups, Isarmorphic

abelisn groups of order , non-isomerphic abelian groups of order, Decompesable groups. imbadding of

lrﬁngs, Ficld of quoticnts of an intepral domsain, Meximal Ideal,. Field extensions, Finite field 15
' extensions, Simple ficld extensions, Algebraic and tramscendental extensions, Minimal polynomial,

Remaindet theorem, Facter theorem.

e

Teaching Learning Process: Class discussions/ demonstrations, Pawer point presentations, using e-content, Class aclivilies/ assignments, e

Suggested Readings:
1. David S. Dummit & Richurd M. Foote: Abstract Algebra, Wiley, 304 Edition, 2071
Jogeph A, Gallian: Conlemporary Absiract Algebra 9th Ediuon, 2019.
Khanna, Yijay K & Bhambri, S K A Course in Abstract Algebra. $ Chand and Company Lid; Fifth edition (2022)
Herstein, 1N Toples in Algebra, Wilcy, 2 Edition, 20066.
Bhattachzrya, P.B,, Nagpau}, 8.K. Basic Abstract Algebra (2nd Edition) Cambridye Universily Press, Indian Edition, 1997,
Lang, §.; Algebe, Pearson Education 3rd Edition, 1992 ’
J. B. Fraleigh : A first course in Absiract Algcbra.

PR SV AW Y

Suggested Centinuous Evalaation Methods:
Continugus internal evaluation through imemai tesis, quizzes and Prosentation.

Hugyested equivalent online courses:
There are online courscs on the channels such as Swayam Prabha, Moocs and NPTEL. E-contents from different online tibrancs, e-PG Pathshaala etc

| Further Suggestions:.

1

—
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COURSE-II : Real Analysis
e — - = - e e

Programme/Class: B.Sc. Year: B.S¢. Mathematics Hononrs Semester: Scventh

; Cnurse Code: 0720322 Counrse Title: Real Anglysis Theory

Co Object:\ 5!

| This course puts forward some basic concepts of real-valued functions and ils applications. The purposc of this course is to provide a foundation for understanding the
different branches of mathematics.
Course outcomes:
CO1. To provide a topolegical study of real-valued furctions.
CO2. To study the concepts ol convergence and uniform senvergence of s¢ries and sequence of real-valued functions and their applications.
) C0O3. To provide the methods for finding the maxima and minima values of multivariate real-valued (unctions with their applicitions.

CO4. To sudy the concept of integrability of real-valued  fupctions ever the elosed and bounded interval ard their spplications in different areas, such as quantum physics.

COS, This course gives a wide study of different concepts of functions of serval variables, such as limit and comtinuity, differentiability, partial diflercatiability and integrability.

CO6. This course lays a loundation to study other ImIportant courses such as functional analysis, complex analysis and differential cquations. This course plays a ceniral role to
gel the cmplnymunl for thc sdenls 1?-. ¢ it i3 available with a great importance in the syliabl of dx!fcrem compcmlu exams

| | Max Marks
Credits: 4 Core Compulsory (Int. + Ext.): 25+75 Total= 100
Mimmum Marks 40

H - i =
Teaching Hours = Lecrure Tuturinl-Practlcal {L-T-P}: 4-0-0 (Four Hours in a ueek) or ﬁﬂ Lecture Hours ina Semesiu’
= SREECS St s Bl P o bl bt e e =t = s
Unit Cuurse Topic No. pf Lectures Hours
I : i - oy 4 e — T
I Defintion and exisience of Riemann- S‘HE!\]CS imtegral, Propertlies of the intcgral. 1nleg-mlmn aud 15
| differemtiation, The fundamental theorem ufc"tlculus. ang Intcgm;on of vecter-valued functians.
Scquences and serics nf I‘\mcuons Pointwise and Lmiform convergence, Cauchy criterion fdr uniform
u convergence, Uniform convergance and coninuity. Uniform convergence and Riemana-Stichjes 15
| integratien, Unifonn ccnve.rg».nce and dlﬂ'crcmmuun Weicrstrass Appraximation Theon,m s
| m Power series, Algebra of power series, bnlqucncss theorem for power sirics Abe!" and Tauhcr s 15
theorems.
i A A . =, i o= 4 . —=
v Functions of several variables, Lmuar !r:mslurmauo:\, Dcnvauvcs tn an op<n subset of Ra, Chain ruls, 15 |

i Porlial dcrlvaltves, Interchange of the ordcr of dtﬂlrmnuuon |

Tenchmg Learmng Process: C!as: d1§cu>~10nsf dem(n'eslratmma F'ov\-.rpoml prcs;n!auons using e- conlml Class g

ilies/ assignmenis, vic

Suggested Readings:

1. Apostol, T, M.: Mathemntical Ana 2lysts, Narosa Publishing, New Deihi, 1985

% Brown, W., Churchill ,R. V., Fourier Series and Boundary Valuce Probleins, 8¢ 3rd Edition, 2015, McGraw Hill Education, New Dethi
3 Royden, H. L.: Real Analysis, (3th Edition), Macmillan Publishing Co. Inc, New York, 1993,

4, Rudin, W.: Principles of Matheratical Analysis, (3rd "dnmn)Mchw-Hxl Kogaku Sha, 1903, Internatioral studentedition.

L Wh:te,J leAnalysm An Iniroduction, Addison- V\c<lcy Publlshlng Co. ln: 1968,

Suggested Cuntmuuus Evaluation Methods:
Continuous intemal évaluation through internal tests, quizzes and Presentation.

Suggested equivalent online courses:
There are online courses on the ehannels such as Swayam Prabha. Moocs and NPTEL. E-contents from different online libraries, e-PG Pathshaala ete

Further Suggestions:,....... 3 0 R AR B G g I o e A e T o
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COURSE-LII : Advanced Differential Equation

| Programme/Class: B.5c. ] Year; B.S¢. Mathematics Honours l Semester; Seventh
é Course Cade: 0720323 l Course Title: Advanced Differential Equation ‘ Theory

Course Objectives:
1. %o explore the basic ideas of Differentia) Equations ecombined with some real-life problems
2. Differential equations are very important in the mathemaltical modehing of physical systems.
3. Many fundzmentat [aws of physies and chemistry can be fonnulated as differential cquatiens.
4. Inbiology and cconomics, differential equations arc used to medel the behavior of complex systews.
5. Ordipary Differential Equations are used o caloulate the movement or few of electricily, motion of an object to and fro Jike a pendulum, te explair thermodynamics
congems.
Course avtcomes:
l CO¥, The use of the differentinf equation Lheory is to solve various types of Maihcmatical modeling problems.
| CO2. The use of the differential equation theory is to scive many prebiems prescnted in different scicnces such as Biology, Chemical scicnces and Physics,
1 C03. The use of this theory is 1o solve many real-life based problems such as pepulation problem, control problems and networking security problems ele.
i CO4, This theory can solve many engincering problems such as the exact trajectory path of 2 rocket or 2 missile.
+ CO5, Students will be able to fennulate and solve differential equations.arising (rom changes in physical world. |

=3 Max Marks ‘1
Credits: 4 Core Compulsory (Int. + Ext.): 25+75 Total = 100
1 | Minlmum Marks: 40 i
Tezching Hours = Lecture-Tutorial-Practieaf (L-T-F) : 4-0 {Feur Hours in a week) ar 60 Lectore Hours in a Scmester
Ugit | Ceurse Topic No. of Lectures Hours '

: Ordinary Differential Equations (ODEs), General theery of homogenous and nop-homogencous linear
1 : ODEs, System of first order GDEs, The method of varistion of parameters, Wronskian, Sturm- 15
; houviile boundary value prabicm, Picard’s method of successive approximation, Picard’s Thearem.

. n | Ovdinary points, Singularitics, Regular and Irregular singular points, Series solutiens aboutordinary 15
poiats, Frobenius serics solution Green funetion.
Origin of first erder Partial Differential Equations (PDEs), Lagrange method for solving [ist order
1 PDEs, Inlegral surfzces passing through a given curve, Surfsce orthogonal to a given system of
™ surface, Non-lincar POEs of the. first order, Charpit’s method for first order PDEs, Jacobi Mathod, 15

Cauchy problemm [or fiest order PDEs, Origin of second order partial differential cquation 1nd their
¢lassificalion, linear PDEs with constant and variable coc(ficients.

| Genera} solution of higher order PDEs with constant coefficient, Diffusion, Wave and Laplace
v | equations by the method of separaticn of variables, Reduction of second order partial differential
, equation into its canenieal form, Non-linear partial differential equations of second order.

15

Teaching Learning Pracess: Class discussions/ demonstrations, Pawer point prescouations, using e-content, £lass activities/ assignments, etc

Suggested Readings:

1. Coddington, Eazl A, & Levinson, Norman: Theory of Ordinary Differential equations, Tata MceGraw-Hill Publication.

2. RalB., Chaudhary ,D.P. and Freedman, H.1.: A Coursc in Ordinary Difleréntial Equations, Narosa Publishing House, New Delhi 2013,

3. Simmons, G.F.: Differential Equations with Applications and Higtorical Notes, Sccond Edition, Tata Megraw-Hitl Publishing Company Ltd. New Dethi (2017).
4. Sneddon, lan: Elemenis of Partial Differential Equalion, McGmw-Hill Book Company.
5. Wickus Stephen A, & Swilt , Raadatl J.. A Course in Ordinary Differential Equations Vst Edition, CRC Press, Taytor & Francis Group, 2015.

6. Ress, 8. L.: Differential Equations, 34 Editian, Wiley. (1980) .}

&=

1 Suggested Continuous Evaluation Methods:

Continuous intemal evaluation through intemal (esls, quizses and Presentalion, 4

—_—
| Buggested equivaleni onling courses:
l There are online courses on the channels such as Swayam Prabha, Moocs and NPTEL. E-contents (rom diffecent enline fibraries, e-PG Pathshaala cte

Further Suggestions:.................
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[ B B COIIRSE-IV : Metric Space

l Programme/Class: B.Sc. Year: B.Sc. Mathematics Honours Semester: Scvenlh
Course Code: 0720324 Caurse Title: Metric Space Theory

Course Objectives:
The beaunly of the subfect is to gain proficiency in dealing with abstract concepts, with emphasis on clear cxplanalions of such concepts Lo ethers; to introduce the
theory of metric and topological spaces; to show how the theery and concepts grow naturally from idea of distance; to he able 1o give examples wihich show that |
meiric spaees are mare general than Euclidean spaces; to be able to work with continuous functions, and o recognize whether spaces are connecied, compact ev
complete. Metric spages are vital prerequisites for many mathematics eourses including Analysis, Topology, Measure Theory, Complex Analysis elc.

| Course outcomes:
. CO1: To show how the theery and concepts grow naturally irom idea of distance
CO2; Differentiate batween [unctions that define a meteic on a set and these that do not.
. CQ3: Use the Banach lixed point theorem te dumonsitate the existence.and uniqueness of solutions to dilferential equations
CO4; Apply the theory in the course to selve  variety of problems at an appropriate level of difficulty
CO3: Metric spaces are vilal prerequisites for many mathematics courses ineluding Analysis, Topelagy, Measure Theory, Complex Analysis etc.
CO§: Understand sequentially compact spaces, Counable compactaess, BWP and compacingss and explain the relation between the three types of compactness in
metric spaces.

{ Max Marks

Credits: 4 Core Compulsory (Iut, + Ext.) 25475 Total = 108 |
Minimum Marks: 40

P): 4--0 (Four leu-rs jn a week} or 60 li.ecturcﬂiout:s in a Semester

%a. of Lectures Hours

Teaching Hours = Lecture-Tutorial-Practical (I

UnH Course Topic
Metric Space: Meirie on a sel, pseudo-metres and melrics Dislance between two sets. Equivalen
melrics. Limit points and closure: closed sets, Derived scl of a set. Adherent points and closure of 2 | 15
sel, Dense subsets, Interior of a set and its propertics, Subspaces, Preduct spaces, Structure of Open ;

balls in a product space. Closures ard interiors in a product space, Finite product of metric spaces,

i Convergent sequences. Cauchy sequences. Characlerization of adherent powts and limit points in

‘ tenns of convergent sequences. Convergence in products. Convergence in Euclidean spaces Clusier

i n points of a sequence, Subsequences. Cluster points -and convergemt subscguences. Algebra of 15
| convergent real sequences. Spaces of sequences.

Continuily at a point. Coniinuity over a space. Continuily of gompesite, graph and projection

| maps. Algebra of real valued continuous functions in a metric space. Homcomarphisms.
isometries. Relalion between isometries and Homcomerphism. Uniform continuity. |
43} . Complete metric spaces. Completeness and Continuous mappings, Completeness and subspaces. 15 [

Cantor’s Intersection Theorem. Contraction Mapping Principle. Connectedness: Connected metric

| . spaces. Connected sets. Characterization of connecled subsets of the veal hne. Properties of
+ Camnectedness !

Compact spaces and Compact subsets. Compact subscts of the real line. Sequential compaciness
and [ts characierization. Countable cempaciness, Bolzano-Weierstrass property. Seguential
charagterization of BWP Equivalence of BWP and scquentisl cemnpactness. Covering
characterization of the BWP. Bolzano-Weierstrass Properly and Total boundedness. 15
BolzanoWeicrsirass Property and compactness. Lebesgue covering lemma, Compactness and
completeness, Compactness and uniform eontinuity. Boundedness of continuous real-valued
funetions on compact melric spaces

Teaching Learning Process: Class dfic

|
|
|

ons/ demmonstrations, Power point presentalions. using c-content, Class activitios/ assignments, e |

Suggested Readings:
p Copson, E.T: Melric Spaces, Cambridge tracts. 2010

2 Digudenie J.: Foundation of Modern Analysis, Acadomic Press, New York, 1960.
3. Kasriel ,R. H.: Metric Spaces, Dover Publications, New York, 2009,
1% Kumaresan 8. Topology of Metric Spaces, 2+ Edition, Narosa (2011).

Suggested Continuous Evaluatlon Methods: Continuous internal evaluation thres

iermial tosls, quizzos and Presenwmion.

Suggested equivalent online coursés: There arc online courses on the channels such as Swayam Prabha, Mooes and NPTEL. E-conteats (rom different oniing
libraries, ¢-PG Pathshaala ete

Further Sﬁggatinns:.
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Core-Elective Course -V : Mathematical Statistics

Programme/Class: B.Sc. Year; 8.S¢. Mathematics Homours Semester; Seventh

Courtse Code: 0720325 ] Course Title: Mathematical Statistics Theory
T = gty S R . - = S 51 (0" 2\ it S - S PP WSS ) I S0 ik el St F LIS

Course Objectives: The alm of this course is 10 extend gnd master students’ knowledge of probability and statistical methods and to provide theoretical background for studying advanced
l slatistical methods, Upon successful complefion ofthis course, students witl be abig to study. correcily 2pply and inlerprei different statistical methods.

Course eutcomes: l

CO1: Explore the basic ideas about measures of central tendengy. dispersion and their applications in other statistical problems.
| CO2: Explain the different types of discreic and conlinuous distibutions and thoir utiltzation.

CO3: Tackle big data and draw inferences form it by applying appropriate staistical techniques.

C04: Apply the knowledge of statistical techniques in various experimental and industrial requirements

! Max Marks
Credits: 4 Core Elective {nt. + Ext.): UIS-!—?S Total =

Minimum Marks: 40

Teaching Hours = Lecture-Tutorial-Practicail {L-T-F) : 4-0-0 (Five Hours in a week) or 60 Lecture Hours in a Semester

Unit Cnurse ‘l‘upm No. nf Lectures Ho urs

‘ Proba sﬂny Set Lhcurcuc approach, Sample spaccs, Evanu Dcper:dmt and ]ndcpcndcn! cvents, Thc conc:ept of Prebabn]:ry i
1 Statistical or empirical definition, Conditional probability, Bay's (hcorem, Prabability maess and density functions, 15
1 Chebyshev's inequality. 1

Random variables, D:smhuuon funclions, Joint probability distribution function, Conditional distribution function, Probability
1 density (unction, Expectation, Coveriance, Varance of variables, standard discrele and continuous univariate distributiens, ! 15
standard erors, marginal and conditional distributions. |

Basies concept of Moment generating funclion, Probability generating (unction and Universal generating funetion, Discrete
(1 distributions: Geemetric, Bernoulli, Binomial, Poisson and uniform distributions. Comtinuous  diswibulions:  Norinal, 15
Exponential, Gumma, Chi-square, student’s t and F, and Bela djsinbullons

Curve Fitting, Corretation and regression: Curve mey The Method ol‘Leasl Sqll’lu.s fitting of’a straight me and second-
v degree Parabolz, Correlaon cogiiicients, Simple and muitlpie Iinear Regression, lines of regressian, regression coeflicient, s
Seatter diagram, lest tor slop and correlation

Teaching Le.lrning Process: Class dlscussmns' demonsirations, Power point presentations, usug7 e-content, Class activitics/ assignments, cic

ik Suppested Readings:
1. Hohstgl, V.K., Saleh, A.K. Md, Ehsanes: An Introduction (o Probability and Statistics. Second Editian Wiley-Inderscience. (2008)
‘ 2. Kenmedy and Gentle Statistics Computing, Published by CRC Press. (2021}
3. Mayer, P.L.: Introductory Probability and Statistical Applications, 1BH. 2+ Edition (1570)
| 4, Mood, A.M. and Graybill, F.: Imreduction 1o the Theary of Statistics, McGraw Hill Education; 3+ edition (2017).
1. Hogg, R.V, Craig, A. and McKean, Joseph W.: lnlrodyction to Mathematical Statistics, Pearson Education, 8% Editien New Dcthi(2019)

\ Suggested Continuous Evaluation Methods: Conlinuous mlcmal cyaluaticn lhmugh mtu’nal te51s, qu:u:».s and Presentation.

1 Suppested equivalent anlive courses: There are online courses on the channcls such as Swayam Praltha, Mooes and NPTEL. E-:onlean (rom dxfferem onlmc {ibraries, ¢-PG Pathshaala
clc

. Farther Suggestions;.
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Core-Elective Course — II: Advance Numerieal Analysis

Programme/Class: B.Sc. Year: BSe. Mathematics Honours Semester; Scventh

| Course Code: 0720326 Course Title: Advance Numerical Analysis Theary

Course Objectives: T
This course aims to provide students with the techniques for finding approximate numerice! solulions Lo mathematical problems for which exact or analytical solulions are unavatlable or
inappropiiate. Successful studesnts will have an appreciation of the difficulties invalved in finding reliable solutions and will gain practical knowledge of how Lo apply the techniques and methods lo
apecific problemssuch as finding roots of equetions, quadrature and numerical sehulion of difierential equations.
' Course gutcomes:
COL Apply their knowledge of computer programniing to develop and implement their own computer ¢odes of numerica] metheds for solving different lypes of complex problems viz. nonlinear
' equations. a sysieim of linear equations, inlerpolation and cxtrapolation, inifial and boundary value problems ol ordinary differential cquations, etc.
1 CO2. Find the solufion ¢f {incar and nonlinear equations and solutien of differential equations. i
; CO3. Pemnonstrate understanding of common awmerical metheds and how they are used to obtain approximate.
. CO4: ldentify the challenging problems in centinucus mathematics (which are difficuit to deal with analytically) and [ind theirappropriate solutions accurately and efficiently using computer codes.

CO5:1dentity use of spline interpolation and difference equations in numerical analysis
i Max Marks |

Credits, 4 Core Elective ~ (Int, + Ext,); 25+75 Tots] = 100 |
s i Minimum Marks: 40

Teaching Hours = Lecture-Tutorinl-Practical (L-T-P) : 4-0-0 (Five Hours in a week) or 60 Lecture Hours in a Semester

No. of Lectares
Total 60

Unlt Topics

Modiflied Newton-Raphson methad. Convergence of Newton Raphson Method, Bairstow method. Grafie’s root squaring method for 15
3 polynomial equations. Matrix Inversion: Gauss Jordan Method, Trianguiarization Methed, Choleski’s Muthod.

Algebraie Eipen values and Eigen vectors: Power methods, Jacabi’s method, Given's method, Houscholder's method, Q-R methed;
o Approximation: Leasi square polynomial spproximation, polynemial approximation using orthogonal polynomizls, Legendre's i5
ap];)x:;]m,unnl‘ App_;?x:mauon‘ with gnlgcnorncmc funclions, Exponential functiens, Rational functzons. Approximation by

cbyshev polynomials, Max-min principle. ] L
MNumerical Solutions of inilial value problems, Picard's method. Taylor’s method, Single and multistep methods, Euler’s and
151 modified Evler’'s method, Runge-Kutia sccond order method and statement of fourth order Runge Kutts methods, Milne's methed, 15
Adams-Bash forth method.

Spline appreximation, constructien of cubic spline, application 1o differential equation by spline method, introduction (e difference 15
| equation and method of solution 1o find y!' and y? g

. Teaching Learning Process: Class discussiens/ demonstrations, Power poial presentations, Class activities! assignments, ete.

* Supgested Readings:
t. Froberg, C.E.: Introduction 16 Numerical Analysis, Addison-Wesley Pub. Co., 2016,
2. Gupta, Radhey S.: Elements of Numerical Analysts, Macmilian India Ltd. New Delhi, 2015,
I'3. Jain, MK, Iyengar, S.R.K and Jain, R.K.: Numerical Methods for Seientific and Engincering Computations, New Age International (P} Lad. New Delhi, 2014.
| 4. Sastry, 8.5.: Introductory Metheds of Numerical Anelysis, UBS Publishers, 2012,

. Suggested Continuons Evaluation Methods:
Conlinuous iniernal evaluation through internal tests, quizzes and Preseatation.

e

f
. Course prerequisites; To study this course, a student must have had the subject Mathematics in UG degree.

Suggested equivalent online courses: There are onling courses on the channels such a3 Swayam Prabha, Moocs, and NPTEL. E-conicnls from dilferent onlhine Jibraires.

FurtherSuggestions: ... R e B e L R TR gt e i
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COMPULSORY COURSE- I : Topalogy

| Programme/Class: B Sc. Year: B.Sc. Mathernatics Bonours Semester: Eight

Course Code: (1820321

Course Tiile: Topology Theory

Course Objectives:
The beauty of the subject is to gan proficiency in dealing with abstract concepts. with cmphasis on clear explanalions of such concepts 1o others; to intreduce the theory of metric and
. topological spaces: o show how the theory and concepts grow naturaliy from idea of distance, to be able to give examples which show that metrie spaces are mare gercral than Evelidean
spaces; 10 be able 10 work with eontinuous funciions, and 10 recognize whether spaces are cennccted, compact or cosplete.Meiric spaces are vital prerequisites for many mathematics courses
' including Analysis, Tepology. Measurc Theory, Complex Analysis elc.
Course cutcomes:
1 COL: To show how the theory and concepis grow paturally from uica of distance
| COZ: Differentiate between funstians that define @ metric on 2 setand those thal do nof.
+CO3: Use the Banach fixed point theorem 1o demonstrate ihe existence and uniqueness of solutions to differential equations
CO4: Appiy the theory in the course (o salve a variety of problems 21 an appedpnate kevel of difficulty
CO35: Melric spaces ar¢ vital prerequisites lor imany mathematics courses including Analysis, Topology. Measure Theory, Complex Analysis gic.
| COs: Uaderstand scquentially compact spaces, Countable compactness, BWF asd cempaciness and cxplain the relation between the three types of compactness in metrie spaces.

.

| Max Marks
Credits; 4 Core Compulsory (Int: + Ext.): 25+75 Tutal = 100
Minimum Marks; 40
Teaching Hours = Lecture-Tuterial-Practical (L-T«P} 1 4-0-0 (Five Hours In a week) or 60 Lecture Hoors in a Semester
| Unit f Cnurse Topic No. of Lectures Hours

Dcﬁnmou and examples of 1opologml sp ace, C‘lu-:'-d SELs, Closurc, Dense subsct, Neighborhoods, interior, exterior, boundaty uud\

1 | secumulation points, Derived sets. Bases and sub-tases. Subspaces, product spaces and relative lopoiogy. 15
Continueus funclions, homeemorphisms, the p 2 lemma, Conncoted and disconmeeled sets, conrccledness on the real line, l

1 components. locally connecied spaces. \ 15

Countability axioms — First and second countable spaces, Lindelof’s theorems, Separable spaces, second cm.nlablhry and
n separability. Separation axioms - T0, T1, T2, T3, T34, T4, their characterizations and basic properties. Urysohn's lemuta 15
and Teitze exiension thearem, Slaterncnt of Uryschn metnzatlon (heorem

Compactness — Continuous functlons and compact sefs, basie propenies of compactness compictiess and finite
v inlersection property, sequentially and countably compact sets, local compactmess and cne peint compactification, 15
Statéments of Tychcnn s Product theorem and Stone~cech cumpacui’ cation theorem. !

l'each]ng Lcarmng Procesc Ciass discussions/ dcmunstrauons Pcwer point pTC‘knlth'tS u.smg e-gontent, Class acuvmc&:’ as gmm.nls, elc

Suggested Readings:
1 Simmons, G. F: Introduction to Topology and Modem Analysis, Tata McGraw Hill, Indie, 2016
b Diendonne ,J.: Foundation of Modern Analysis, Academic Press, New York, 1960.
3 Munkres. James,: Topology, 24 Edition, Pcarson Edueation, 2021,
2, Kumaresan S. Topology of Metrc Spaces, 2v¢ Edition, Narosa {2011).

Suggested (.m\hnuuus Evafuation Methods: Cnnlmuous 1nlcma| cva‘mnon mruugh mtcmal lesls quluLS :md Prexenlmron |

Supgested equivalent onling courses: There arc online courses on the channcls such as Swayaim Prabha, Moocs and NPTEL. E-centents fram different online libraries, e-PG Pathshaals etc

Fnrther ‘iugvesﬂons .......................... T T
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—_—
i COMPULSORY COURSE-II : Advanced Complex Analysis

Programme/Class; B.Sc. Year: B.Sc. Mathematics Honours Semester: Eight

Course Code: 0820322 ‘ Course Title: Advanced Comptex Analysis
1

Course Objectives:
i This cnurselaims 10 provide an understanding of the basic facts of complex ansiysis, in parliculer the nice properties enjoyed by the derivatives and integrals of functiens of a complex variable, and to
| show how contplex analysis can be used 1o evaluate complicated real integrals vis residue caleulus.

Cours¢ outeomes:

CO1. Know the fundamental concepts of camplex analysis.
+ CO2. Prove the Cauchy-Rismann equations and apply them to complex funciions in order to delerming whether a given centtinuous funciion is complex differentiable.

CO3. Extend their knowledge Lo pursue research in this ficld.

CO4.Solve the problems using complex analysis techniques applied to different situalions in engineering and other mathcmatical contoxts,

Max Marks |
(Int. + Ext.): 25+75 Total = 100
Minkmem diarks; 40

Credits: 4 Core Compalsory

No. of Lectures Heurs

Teaching Hours = Lecture-Tutorial-Practical (L-T-P) : 4-0-0 (Five Hours in a week) or 60 Lecture Hours in a Semester

Course Topic

Complex integration, Regular Are, Centour, Cauchy-Goursal Lheoremn, Simply connected domains, Mulliply connected demains,
Cauchy's integral formuls, An extension of the Cauchy's integral formula, Significance of Cauchy’s integral formule, Morera's
Theorem, Cauchy's inequality, Licuwilie’s theorem and its applications, The fundamental theerem ol Algebra, Maximum modulus
principle.

!Propcnies and ¢lassifications of bilincer transformations, Bilinear transformation as conformal mappings, Riemann- Mapping
| i Theorem, Examples of cenformal mappings, Meromerphic functions, Entire functions, Tayior's thaorom and its applications,
L Laurent’s Theorem and {15 applications.

Singularilies, Calegorization of Singularities using Laurcnt’s series, lsolated singularities, Residues, Couchy’s residue thoorem,

o Evaluation of integrals, Many valued functions, brqnc_h points, branch cuts and bra.ncl‘m of many valued functions, and with spcci'f!l 15
] i reference to arg 2, log z and 8, The argument principle, Rouche’s thoorem. Analytic continuation, Uniguensss of direct anatbytic

l continuation, Uniquencss of apalytic contimeation along a curve, Power series method of analyiie continuation, l

Canonical products, Jensen’s formula, Poisson-Jensen formula, Hudamard's three circles theorem, Order of an entire [unction, 15
Exponsat of convgrgence, Borel's thcorem, Hadamard's factorization Theorent.

r Teaching Learning Process: Class discussions/ demonstrations, Pewer point presentations, using e-content, Class activitics! assignments, ¢

Suggested Readings:
1. Ahlfers, L.V.: Compiex Analysis, McGraw Hill Education; 3rd Edition, 201 7.
2. Browu, J, Churchill, R, V.: Complex Variable and Applications, MoGeaw-iiil Education; Sth Edition, 2013.
3. Conway. J. B.: Funciions of One Complex Variable, Springet-Verlag, Intematicnal student Edition, 2+¢ Edition, 1995.
Y. Priestly, H A Introduciion (o Complex Analysis, Oxford University Press, 2008,

Suggested Confinucus Evaluation Methads: Continuous internal gvaluation through internal tests, quizzes snd Presentation,

| Suggested cquivalent online courses: There arc online courses on the channels such ag Swayam Prabha, Mooes and NPTEL. E-contents from different online libaries, e-PG Pathshaala cte

[ Further Suggestions:......... [P FO ST TN Ceeeens [ JEP O
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Compulsery Course — 1II : Number Theory '

Programme/Class: B Sc Year: B.Sc. Mathematics Honours Semester: Eight I
Course Code: 0820323 Course Title: Number Theory Theary
murse Objectives:

Tie aitn of the course is {o acquaint students with almest all basie concepls ol number theory and 1¢ demonstrate applications of number theory. 1t will help students to grasp rigorous and tricky

| prools of many important results that have been used by them from quiet long time, The students will learn the use of Chinese remainder theorem, Fermat's Theorem, Wilson’s thearem, Lagrange
thearern, Quadratic reciprocity, ete. Tt will supply methods to solve linear Diophantine equations, lincar congruences, syslem of lingar congruences, quadratic congruences, ete. Students will be able
*lo deteet the primality of a large integer, It will show how various number theeretic concepls and theorems are applicable in eryptography.
| Course outcomes:
, CO1 Wdentify the challenging problems in modern mathematics and find their appropriate solutions.
' CO2. Formulate and prove conjectures about numeric patterns, and produce rigoraus arguments centered on the materal of number theory, mest notably in the use of Mathematical Induction and/or |
| the Well Ordering Principal in the proof of theerams.

'eos, Apply the knowledge of Number theory and Cryplography (o attain a good mathematicai maturity and enables to build mathematica! thinking and sklll

| CO4, Dcsxgn analyse and implement the concepls ol"Dmphamme equfmonc for solvmg dlffen.nl lypcs ol problens % fo for ecxample, sum of mo "1:1 four squarn

| | Max Marks |
Credits: 4 Core Elective (Int, + Ext.); 25+75 Total = 100
1 Minimum Marks: 40
Teaching Hoors = Lecture-Tutorial-Practical {L-T-P) : 4-0-C (Fwe Hours in a week) or 60 Lecture Hoursin a Semester
Unit T Tup]cs o \‘o. ofLectures Totel 60

']he division algorithm, DcI‘mmon and Lhwl’)’ of the GCD. Euclid's Lemma, Definition and lhcory of the LCM the extended
1 Euclidean slgorithm, Distribution of primes, the fundamental theorem of arithmetic, The Sieve of Eratosthencs, The Goldbach [ 15
| conjecture, Censequences of Dirichlet theorern, Statement of Prime Nurmber theoremn, Solutions of word problems using the
theery of linear Diophantine equation, Solution of simultancous system of lincar congruences. ‘

Number Theorctic Funclions: The number (3, sum (), and product of the divisers, \’lull:p[mauwc Funetion, Mobius function, | 15 H
i | Merten’s Lemima, The Mobius inversion formula and iis applications, The greatest integer function, Legendre forsmla and its
apphcahon

The order of an integer medulo n and order of higher powers of the inleger module » , Primitive routs for primes, }-mdmg all!
nt pnmnivc Tools of a prime, Composite numbers baving primitive roots, The theory of indices, Propertics of 1ndex, Solutions of 15
! non- Imcar congruences, Euler’s criterion, Solulions of quadratic congruences with primg moduti

‘ Pecudoprnnes and abmlmc pseudopruncs Perfect numhnrs‘ even pcrfncl numbers, The Flbonam scquence and ils properties,
v ' Continued fractions: representation of miional number as a [inite simple continued fractien, Solution of lincar Diophantine 15
| equation by meens ufsm'lple cemmucd ir uumns I

Teaching Learning Process; Class discussions/ demonstrations, Power point presentations, Class aclivities/ assignments, ete.

' Suggested Readings:
L. Burtfon, David M,: Elementary Number Theory (7th Edition), McGraw Hill Education, 2017.
2. Dudley U.; Elementary Number Theory (2nd edition} Dover Publications, 2008.

3. E George. Andrrms \umber Theory, Dover Publications, 1994,

Suggested Continunus I:valuannn Methods: ]
Continuous internal evatuation through internal tests, quizzes and Presentation, £
Course prercqumte.s To study this course, & student must ha\.d had lE subject \/[alh\.maucs in UG dLg\'CQ

Suggestad equivalent online courses: There are online courses on the channgls such as Swayam Prabha, Mooes, and NPTEL. E-contents feom different cnllm libraires.
L______ — . S — S

FurtherSuggestions: ........coocooiiiiiiiiciiii e i B S e« g :
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Core-Elective (Group - 1} COURSE-! :L;Iechanics

Programme/Class: B.Sc. Year: B.Sc. Mathernalics Honours Semester: Eight
Course Code: 0820324 Caourse Tltle; Mechanics Theory
Course Objectives:
Mechanics is the oldest branch of the Physics discipline and is as well important in (he discipline of Mathemalics, 1t is zctually an fnlermediate course in ¢lassical mechanics intended for mathematics
majors. The core is the new fonnulation of meshanics and the substantial range of new techniques in the apphications.
Course putcumes:
COL. To distinguish between inertia frame of reference and non-inertial frame of reference.
CQL. To frame the mathematical constraints an thebases of physicai restrictions imposed on a systemn, which simplifics the process of solution of & physical problem.
! €03, To understand the mechanics of a system of particles falling under elassical mechanics.
CQ4. To differentiate between Newtonian, Lagrangian, Hamiltanian and Routhian approach of solving a mechanical problem,
CO5. To determine the Lagranginn and Hamiltonian of mechanieal systems and use these functions to obtain the sofuticns of even compteated mechanical systems with casc.
CO#6. To identify the conserviad quanlitics, i any, associated with the meehanical system.
, CO7. Toapply fundamental conservation principles to analyse mechanical systems,
CO8. To use advanced theoretical techniques to solve mechanical problems like use of canonical 1ransformations, vanational principles, Hamilton Jacobi theory.
CO09. To use Poisson’s Brackets and Lagrange's Brackets 16 soive mechanical problems.

; e : - - 2 S— ’

! Max Marks 1
Credits: 4 | Care Elective (Int, + Ext.): 25+75 Total = 100
| Vllnimum Marks: 40

Jeachmg Hours— l_.ecture-'ml‘orial-l’ran:tlml (L P) 4- 0 0 (Flw Huurs ina weck) or 60 Ledure H.uuri in a bemester

Unit | Course Tnplc Nao. of Lectures Hours
A — R e L e Y
Introduction (o the system of panicles, Conservation laws for the system of particles, goneralized coordinates, Virual displacements.
Constraints and constrained motion, classification of constraints: Holonomic versus noa-helonomic systems, Scleronomic versus rheonomic
syslems, Degree of Freedom, geueralized velocily, generalized accolerstion, generaliced poteniial, generalized momentum (Conjugate 15
momentum), Generalized force. Lagrangian Mechames: Physics in sonfiguration space with generalized coordinates as independent vasiable,
Definition of the Lagrangian, Euler-Lagranpe cquations of motion, Derivation of Euler-Lagrange equations from differontial principle i.e., by
D’ Alemberi’s principle, Simple applications of the Lagrangian formulation to systeins with holonomic and non-holonomic constraints

Hamiltonian mechraics: physics in phase space with generalized coordinaies and momenta trealed as independent variables, Definition of the
Hamiiltonian (through Legendre’s transformalion) and ils relalion 1o the encrgy, Hamilton's canonical equations in cylindrical and sphericat
coordinates as well, Hamilton's principie, Derivation of Hamilton’s equations by integral psinciple .2, by Hamilion's prnciple, Derivatien of
n Hamilton's principle by differential principle i. & by D* Alembert’s pnnc‘plc Derivation of Lagrange's equations from integral principle ic. 15
Hamillon™s principle. Simple applications of Hamilion’s cquations of motion. Cyclic (ignoieble) coordinates and conseration laws. Routhian
Mechanics: Definition of Routhian, Routh's equations of motion and energy function Principle of least action.

Vanalmnal Calentus and its Application to Mechanics: Euler's equation for functions ol one depcndcm variable and its gc'cralmauun (5] (1}
ul dependent variables (i) higher order derivatives, Applications of caleulus of variation: Shostest distance between Lwo points en & plane 15
[ Mmimum surface of revelution, Brachistochrone problem, Isoperimetric problem, Geodesic, Lagmage’s multiplicr method.

Hamillon Jecobi theory: Hamilton Jacobi equation, Jacabi theoren, Mathod of separation of variables in Hamilton Jacobi quation and its 15
i <1mpk: apphcauons J

Teachlng Learmng Process: Clas d'&cus;.un:l dcmunslmtwns, Power nomt prcscnlauons using ¢-conten, (,lm,s aﬂwmcsf assignments, clc

Suggested Readings:
1. Gelfand LM,, Fomin 8.V. and Sitverman R.A.: Calculus of Variations, Prentice Hall 2000
2. Goldstein, H.: Ciassical Mechanics (3rd Edition), Pearson New International Edition, 2014, ISBN 13: 9780201657029/ ISBN 10: 0201657023
1. Rana, N,C. and Joag,PS Chmcal Mpchamcs, Tata Mchu Hill, NechUu 1994, ISBNvIQ 0074603!59! lSBN 13: 9780074603154

Suggested Contmuous Lvaluatmn Mcthuds' Conlmm 15 .ntcmal cvalualmn lhmubh mtema! \cs\:. qmzzm aud Prcscntalmn

Supgested equivelent online courses: There are online courses on the channels such as Swayan Prabha, Mooes and NPTEL. E-contents from different online Jibrarkes, e-P(v Pathshaals qie

Funhcr Suggeeuonx

UG MATHEMATICS 38



- " Core- Elective (Group - 1) COURSE- II ; Finaneial Kflathemzm'cs T

— SIS Sk i G = A _ ——;
Programme/Class: B.Sc. Year: B.S¢. Mathematics Honours | Semester: Fight

| Course Code: 6820325 Course Title: Fmancu] Mathematics Theory

| —— S Y e ki 1. - S il it Sl S0 S W |

Course Objfectives: The ijeCh\ch are 1o itroduce the basic mathematical concepts and techniques used in ﬁnancc and business. This also highlights the interrelationships of the mathcmallcs and
| probler-solving skills with a particular cmphasis en financial and business applications.
Course outcomes:

| COL: Demonstrate undersiznding of baste concepts in linear algebra, relating 10 iinear cquations, matrices, and optimization. ‘
CO2. Demonsirate understanding of conceptstelating to functions and annuities.
€03, Employ methods related 1o these concepts in a variety of financizl applications

{ CO4. Apply logical thinking to problem soiving in context
CO35. Use appropriste technology te aid problem solving.

' CO8. Demonstiate skills in wriling mathematics

Max Marks

Credits: 4 Core Elective (Int. + Ext.): 35+75 Total = 100
| Minimam Marks: 40
Teaching Howrs = Leciure-Tuterial-Practical (L-T-P} : 4-0-0 (Five Hours in a week) or 75 Lecture Hours in a Semester
Unit | Course Tnpic No. of Lectures Hours
1 | Same Basic Definilions and I*rmmolcgy Basjc uplzon theory: single and mu!l: -period binomial pricing mndcls, ch Roes—Rubmslcm {CCR) 15
model, Black Scheles formula for potion prlcmg as 2 limit of CCR model. !
11 Browman ed Geemetric Brownian Motfon, Theory of Martingales, Stochastic Calculus Stochastic differential Equalions. 15
i m [o™s fermula to solve SDE"s, Feynmnnl{.uc theereny, AppIi:alEan of stochastic calculus in option pricing, Black Scheles partial differential equatioas i 15
and Black Scholes formula.
v Mean Variance portfolio theory: Markowitz inodel for Portfolic optimization and Capital Agset Pricing Model (CAPMY, Interest rates and inlerest

15

rate derivatives:

Teaching Learning Process: Class discussions/ demonstrations, Power point presentations, using c-content, Class activities/ assignments, etc
T P — — = —=y
Suggested Readings:
1. Parikh, J.C., Stochustic Process and Financial Markots, Alpha Science International, 2003.
1. Roman,$. An Introduction the Mathemmatics of Finance, Springer, 15t Edition, 2000
1. Ross,S. An Introduction to Mathematical Finance, Cambmdgebmversny press. 3 3rd Edition, 201]

Sub,rl.ah.d Conimuous Evaluation Methods; Continuous Imemai cvalunilon through internai tosts, qulMCS and Prescanlalion,

' Suggested equivalent online courses: There are online courses on the channcls such as Swayam Prabha, Moeocs and NPTEL. E-vontents from different online librarics, ¢-PG Pathshaala cle

Further Suggestions:.
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Core-Elective (Group-1) Course — Jil : FLUID DYNAMICS

Programme/Class: B.S¢. Year: B.Se. Mathematics Honours f Semester: Eight

Caurse Code: 0820326 Course Title: FLUTD uvaMICs Theory

' Conrse Objectives: Almost everyth)ng on this planct, cither is a fluid or moves withlo or nesr & fluid. Fluid Mechmlcs is an important subject that is particelarly open to cross fertilizarion with other seiences and
disciplines of engénecring. The main obfective of the course is to develop furdamental knowledge and understanding of the mechanics of €luid at rest and in mation to develop the abllicy te demonstrate aad
formulate pliysical problems encourtered in different brenches of engineering in mathemarical form and arrive at useful solutigns

I COI. To know, understand and apply the basic consepts of Fluid Mechanics .

| €02. To describe the physieal propcn cs ¢la fuid,

1 CO3. To coavert physical luws of conservation of mass. mementum, moment of momenturg and cnergy inte matkematical equations and apply them to desenbe the fluid motion.

. CO4. To frame and describe the flow throngh potential function and stream functicn,

| COS, To describe the motion of 1deal and real fuids with different kechaiques jncluding complex variablc technigue.

! CO6. To understand stress-sirai Uensitip in Newlonisn Duids.

! CO7. To apply Bernoulli equatiens in their domain of validity for Nuid flow rate measurement.

CO8. To upderstand the singularitics of the flow field.

, C0O9. To make dimensional analysis and use it to derive the dinensionless numbers
CO10. To link llow behavier with non-dimensional parameters
CO11. Fo apply the similiwde concept and sel up the relation beiween a mode! and a protoiype.

fine, deseribe and spply the basic flow equations, such as the Navies-Stokes equalionste evaluate velority. pressure drop in simple geometrics I lotmnar flows berween parallel plates, axial aad transverse

fiows in pipes and fows In annular region produced,
i Max Marks
Credits: 4 | Core Compulsery (lat. + Ext.): 25+75 Total = 100

‘ Mlmm Marks; 40

Teaching Hours = Lecture- Tutonai Practlcal (L-T-P) : 4-0-0 (Fuur Hoursina week) or 60 Lecture Hﬂurs ina Semester

Unit Topics No, of Lectares Total 60,

Intraduction: fuid charac!cnsllcs eontinuum cencepl nnd basic properiies nr ﬂutda Nc\vlonlﬂn law ufvmcnsny Kinematics of tluids: Eulerian vs. Lagrangian |
descriptions of fluid motion, Equivalence of Lagrangian and Eulerian methods, General motion of 3 Nuid element: Translation (Aeceleration of 2 ﬂuld particle

1 in g velocity field), Relation (angular deformation) and Deformation (velumetric or extensionul strain/ shear strain), Flow lines: Stream lines, Path lincs, Streak i5
; lings, Bnu.ndury conditions and boundacy surface, |

! General 1heory of stress in a reat fluid: Nermal siress, Shearing stress, Transformation of stress components {irem one eoordinale system 10 anothm coordinale
system, Symmuotry of siress tensor, Plane stresses, Principal directions and Priacipal values of stress tensor, Constitulive equation for Newtontan Muid,
| Conservation laws by the Control Volume approach: Mass conservation equation in reclangular cartesian, eylindricel and spherical coordinate systems,
Equivalence of the mess conservation cquations derived by Lagrangian methoed and Eulerian method, Equation of conservation of momentum {NavierStokes 15
. Equatien and Euler Equation). Equation of conservation of moment of momentum, Equation of conservation of energy, Simple and direct applications of
I conservation -.'uumious

Vorticity and mrculahcn Elementary properlies ¢f vertex motion, Stream furction for two-dimensional mcompresmb[e Flow, Stream function and pulcnual ‘
flow theory, Theetems about ralational and irrotational flows of inviseid and incompressible fows — Siokes’ theoremn, Kelvin's minimum encrgy theorem,
‘Gnuss theorern, Kelvin's circulation theorem, Uniqueness of irrotational fows, Bemoulli’s cquation for incompressible and inviscid flows: Integration of |
1 . Buler’s equation along a streamline (or steady and unsteady Dows, Applications of Bernoulli's equation for irrotational flows. Flow through an orifice, Motion 15
of a jel threugh almosphere. Pitol ube, Venturi meter. |

Two-dimensional irrotational incomprassible flows (Cemplex variable technique and its applications): Blasius theorem, Milng's circle theorsm, Flow ficld

{ singuiarities; Sources, Sinks and Doublets in two dimensions, Images of 2 source! sink/ doublet with respect to a line and with respect Lo a circle, Simple

{ n applicdtions of source, sink and doublet. Dimensional analysis, Buckingham Pi theerem, Dimensiontess numbers (Reyneld number, Pressure epefficient, Mach 15
number, Froude number, Prandtl number) and their properties Basic introduction to Newionian and non-Newtonian rheologies

l nclnnﬂ Learn]ng I’ruccss’ Class dls:usv:nns.‘ demnnsiranons. Powar poiot prosnnmﬁnns Class activities/ assngnmﬂms. Mt-
Suppested Readlngs: |
1, Betchelor, G.K. An Introduction afF'u:d Mechanics, Oxlord University Books, NewDelny, 2000.
2. Charlton, F.: Test Book of Fluid D, , CBS Publishers, Delhi, 2004, ’
I3 Ralslughama. M.DL: Fi u1d Dym (‘emp.cw Hydrodyramics Boundery Layer Theory, 5. Chand Publishing, 2014, ISBN 13: 9788121908696, t
Dynamics, Oxford and 13H Publishing Co.New Del, 193, |
°’11:s PJL(’I(LC Hall of India Private Limited New-Delhi, 1988., ISBNLD: 0133298132/ ISBN-13: 978-0133298130,
uous Evaluamm Méthods: Conl[nuous internal etaluatinn through Irm:rm:.l tcsl; quizies and I’resema.ll.on i
Course prerr.-qiu.ilres To study thés course, n studend must heve had the subject Mathematics in UG Level..
! - 2 gF e ——
Suggested equivalent online courses: There are online courses on the channcls suck as Swayam, Swayam Prabha, and NPTEL. e-contents from different andine libraijres.

Further Suggestion:
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L Core-Elective (Group-2) COURSE-I : Linear Algebra
STy T
: Programme/Class: B.Sc. [ Year: B.Sc. Matbematics Honours Semester: Eight
| - .
‘ Course Code: 0820327 ( Course Title: Linear Algebra | Theory

Course Objectives:
The main objective of Lhis course is to develop theerctical as well as working knowledge of the central ideas of lincar algebra like lineay transtformalions, invertibility & isamorphisms, cigenvalucs,
; eigenvectors, the minimnl polynowmial, diagonalizalion, canonical forms, rational & Jordan forms, bilinear forms and their classification.
Linear algebra finds applications in coding theory, cryplography. graph theory and linear programming. Thus, after completing (his course, students shall bear a good insight te study general plus
advanced contents of the above-mentioned courses.
Coorse ouicomes:
CO1: Understand the notion of & vector space and lincar lransformation and 1o determing basis and dimension of a vector space:
CQ2: Understand the cencepl of lincar wansfermation and 1o [ind the range space and nuil space of the linear transformation
1 CO3; Fird the sigenvectors and Eigen-value of a square matrix and 10 knew diagonalization of the matrix
| €04: Compule an orthegona! besis using the Gram-Schmidt process.

Miax Marks

Credits: 4 Core Elective (Tat. + Ext.): 25+75 Total = 100
i Minimum Marks: 40

Teaching Hours = Lecture-Tutorial-Practical (LT-P) : 4-0-0 {Five Heurs in a week) or 50 Lecture Hours in a Semester

Unit l Course Topie

Linear transformations, Jsomorphism, Range and nuil space, The matrix representation of linear irmsformations, Lincar i5
. functional, Double dusl.

RO el e . _ape o e S .

Invertibitity and Isemorphisins, The change of coordinate matrix, The transpose of 2 linear transformalions, Palyromial

i1 ideals, Prime (actorization of polynomials, Tnner-product spaces, Bessels incquality, Normal and unitary operators. 15
\ Elemenlery conenical forms: Annihilating polynomiais, The minimal polynomial, [nvariant mbspaces.&mu!\ancous%
| 1 trianguiation, Simul di lizatron. Direcl-sum decomposition, Invariant direct sums, The primary dccomposilioni 15
l theorem.
Orthogonal and unilery reduction of quadratic and Henmitian fonn, Posilive definite quadratic forms, sirultaneeus reduction.
1w Bilinear forms, Mairix of a bilincar form, Classification of bilinear [orms: Symmetric bilincar [orms, Skew-symmetric bilinear 15
} 1 forms.
! Teaching Learning Process; Class discussions/ demonstrations, Power paint presenialions, using e-sontent, Class activilies/ assignments, cle
Suggested Readings:
1. David C.Lay, Steven R.Ley and Judi JMC Donald; Linear Algebraand Jts Applications, 6¢ Edition Pearsen Education 2021,
| 1. Hoffman, K., Kunze R.: Linear Algebra (2~ Edition), Peacson, 2017.
! 3. Friedberg, S.4., Insel AJ., Spence, L.E.: Lincar Algebra Pearson Education India2015.
4, Strang, G, Linear Algebra and its Applications (4% Edition}, Cengage Learning, 2007.
5. Sahai, V. and Bist, V.: Linear Algcbra (2+¢ Edition}), Naresa Publishing House, 20)3.
Suggested Continuons Evaluation Methods: Continuous intemal cvaluation through intemal tests, quizzes and Preseniation.
Suggested equivelent ontine courses: There are online courses on the channels such as Swayam Prabha, Moocs and NPTEL. E-contents from different enling libraries, ¢-PG Pathshaala ctc
Further Suggestions:......... P PP PPTOTN e T Bt . P S e h J
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Core-Elective {Group-2) COURSE-II : Data Structure with C

Programme/Class: B.Sc. Year: B.Sc. Mathematics Honours i Semester: Eight
Course Code: 0820328 ! Course Title: Data Structure with C Theory

Course Objectives:
A prominent purpose of programming languages is te provide instructions (o a computer,
2. Programming languages differ from most other forms of human expression in that they reguire a grealer degree of precision and completencss.
3. Studying progranmming languages will help the studenis be better at their job, make more money, and be a happier, nwore fulfitled and more informed cilizer, becavse they will leem w:
Choos¢ the mos! appropriate janguage for & given lask.
I. A programming language lews the students 1o express compulalional tasks in certain ways.
2. Programnting languages eften produce more efficient code through optimization for specific system architeeture.
Course cuicomes:
COL. Underslanding » functicnal hjcrarchical code drganization.
CO2 Ability to define and marnage data structures based on problem sebject domain. ‘
CO3. Ability to work with wextual information, characters and strings.
CO4. Students will be able 1o develop logics which will help them 1o create programs, applications in C, r
1 COS5. Also, by learning the basic programming conslructs (hey can easily swilch over to any other Longuage in {uture,
— s

| | Max Marks
| Credits; 4 Core Elective {[nt. + Ext,): 23+75 Total = 10¢
! | Minimem Marks: 40
S Y S TP S R St g - S R b I e R e e e O P
Teaching Hours = Leciure-Tthorlal Practi:al (L-T “P}: 4-0-0 (Five Hours In A week) or &0 Leclure Tiours in a .E«err:ester
| Unit Course Topic No. of Lectures Hours

| Intrnductwn to the C Lang‘uugc. Wr.lmg a Sm\pleC Program: Leamlng the fnrmm ofaC progmm dcclarmgvanabics desigming |
1 | progeam flow and eonlrol, defining and using functions, data types, using standard werminal VG funciions. 15 |

! Conditional Pragram Execution: Applying if and swnch slatements, nesting il and cise, reqlncuons on swilch valucs, use of
H break and defaull with switch. Program Loops znd Ieration: Uses of while, do and for loops, multiple loop variables, assigniment |
n aperators, using break and continue. Mudular Programming, Avrays and Structures 15
Passing arguments by value, scope rules and global variables, scparate compilation, sud lickage, building your own modules, Array | !
| notation and r\.pmsmlalmn mal‘lpulmug army ch,msnls usr-q multidimensional arn ¥S, army;nfuuknowr‘ o \Jarymg size.

Structures: Purpusc and usege of glructures, dcc!annb struclures, assigning of slruclu.\o Unions: Companents in nverlzppmg

f 1 memory, declering and using unions. .h vs, privale .c files, hiding private variables and functions 15
— R ——— —
Functions and Pofnters to Objects: Simpie C-funclions, passing amguments {o functions, returning values from functions,
v reference arguments. overloaded Tunciions, recursion, inline functions, default arguments, scope and stomge class, rcturming by 15

| reference, Constant funclion arguments, runtime memory management. Pointer and address arithmetic. poiuter operations and
| decla t'aliuns l.lSL!'lL pmnlcr; as function argumcnls Dyn’amlc mcmnry a]lncmun

Teaching Learning Pl'ucess Clahdtscussmnsl dmwnstmlmns. Power poinl presentations, using e-conlent, Claa: acuwms: amgnmenb cle

Suggested Readings:
1.Budd,”Chjcet Oriented Programming “, Addison Wesley
z.Balaguruswamy, “Programming in ANS1 C," TMB
3.Kanetkar,Yashwant “Pointers in C
4.8chteld, Herbert, Complete Reference in C,” TMH
1 1. Yashwant Kanetkar,” Letus (", BPB i

Suggesied Continuous hvaiuatmn Methods: Cnn‘m\mus internal evaluation 1hmugh mu,mal lests, quaucs and Presentation.

buggested equivalem online courses: There are onime courses on the chmmeis such as Swayam Prabha Mooes and \JPTEL E-contents from different onling librartes

PG Palhshaala ete

it o e Lo T e

"Further Suggestiun
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Core-Elective (Group-2) Course — III: Dymamical System

Programme/Class: B.Sc. Year: B.Sc. Mathematics Honours Semester: Eight

| Course Code; 0820329 Course Title: Dynamical Systems | Theory

Course Objectives: Dynamical sysiems describe the ime cvolution of systems which arise {rom mathematics, physies, biology, cherisicy and other areas. As mathemalical objects they arc ordinary
! differential equations, usually nonlincar and therefore not usually able te explicilly solved. The aim ef the course is 10 sec how 10 make a qualitative analysis of a dynamical system using many |
different anzlytic tools. Course outcomes:
COl. To iniroduce students to the basic mathemaltical skills for the qualilative solving of low dimensional systerns of ordinary differential cquations in continuous time, including dimensionless
forms, phasc poriraits, and bilureations.
| €O To provide a bricf intreduction to the way ordinary differential equation can be used 1o model, explain and intcrpret real world problems.
* €O3. Ta provide a brief intreduction to the ihcary and concepts that under pin the ficld of dynamical systems.
| H Max Marks

Credits: 4 Core Elective {lnt, + Ext): 25+75 Total = 140
\ MiEnimnm Marks: 40

Teaching Hours = [eetere-Tutorial-Practical (L-T-P) : 4-0-0 (Four Hours in a week) or 60 Lecture Hours iu a Semester

Unit Course Tople No. of Lectures Hours
1 | The orbit of a map, fixed point, ¢quilibrium potat. periedic point, cireular map, conliguration space and phase space. 15
Origin of bifurcation. Stability ol a fixed point, cquilibrium point. Concept of limit cycle and torus. Hyperbelicity. Quadratic map. |
u 3 y poini, aq p P Y. p 15

| Feigenbaum's universal constant. |

. Turning point. traps crifical, pitch work, Hopf bifurtation. Period doubling phenomena. Nonlinear QsciilatorsConservative system. | ’

r | Hamiltonian systeon Various Typeof oscillators in nonlinear sysiem. Solutiens of nonlincar differential equations. 15
v ! Phienomena of losing stability. Quasiperiodic motion. Topolegical study of nopiinear differential equations. Poincare map. i5
Teaching Learning Process: Class discussions/ demonstrations, Power paint presentations, using e-confent, Cless activities/ assignmenls, ete

Cerickat Lot Y = i
Suggested Readings: —l
| 1. Arnold V.1, Dynamical Systems. Cambridge University Press, 1993. !
2. Arrewosmith, DK, Introduction to Dynamical Systems, Cambridge University Press, 1990. i
3. Robert L. Davaney. An Introduction to Chaotic Dynamical Systems, Addison-Wesley Publishing Co. 1989. |

Suggested Continuous Evaluation Methods: Continuous intermal evaluation through intemal lests, quizzes and Presentation.
Course prerequisites: To study this course, a student must have had the subject Mathematics in UG degree.

{
Suggested equlvalent ondine courses: There are online courses on the channel4 such as Swayam Prabha, Moocs and NPTEL. E-contents fiumn different online libraires, ’

Further Suggestions:.
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Maa Shakumbhari University, Saharanpur
Syllabus- B.Sc.(Mathematics) Honours with Research

I Programme Outcome/ Programme Specific
Outcome

Programme Outcome:
POL1: It is to give foundation knowledge for the students to understand basics of mathematics including applied aspeet for the same.
PO2: ltis to develope enbanced quaniitative skills and pursuing higher mathematics and research as well,

PO3: Students will be able to develop solution oriented approach tawards various issues related to their environment.

PO4: Students wiil become employable in various govt. and private sectors

POS: Scientific temper in general and mathematical temper in particular will be developed in students.

Programme Specific Outcome:
PSO1: Student should be able 10 possess recall basic idea about mathematics which can be displayed by them. |
PSO2: Student should have adequate exposure to many aspects of mathematical sciences. (
' PSO3: Student is equipped with mathematical modeling ability, critical mathemdtical thinking, and problem solving skills etc.

: PSO4: Student should be able to apply their skills and knowledge in various fields of studies including, science, engincering, commerce and management
| etc. |

UG MATHEMATICS 1



B.Sc.(Mathematics)-I Year
Certificate in Mathematics



B.Sc. I (SEMESTER-I) PAPER-I Differential Calculus & Integral Calculus

, Semester:
, Programme: Certificate ! Year: First 1 First
Class B.Sc. \ |

Subject: Viathcmatxcs
EP Code: B030101T , Course Title: Differential Calculus & Integral Calculus ji
o

|Course Code: 0120301 |

, Cou rse outcomes:
= CO1: The programme outcome is to give foundation knowledge for the students to understand basics of mathematics including applied aspect for developing |
Fenhanaed quantitative skills and pursuing higher mathematics and research as well, '
| C02' By the time students complete the course they will have wide ranging application of the subject and have the knowledge of real valued functions suchl
| assequence and series. They will also be able to know about convergence of sequence and series. Also, they have knowledge about curvature, envelope and;
' evo]utes and trace curve in polar, Cartesian as well as parametric curves. |
! CO3 The main objective of the course is to equip the student with necessary analytic and technical skitls. By applying the principies of integral he leams to ‘
solve a variety of practical problems in science and engineering.

|
i
CO4: The student is equipped with slandard concepts and tools at an intermediate to advaace leve! that will serve him well towards taking miore advance |
| tevel

V
|

Lcourse in mathcmaucs

Credits: 4 ‘L Core Compulsory »
Max. Marks: 25+75 i Min. Passing Marks: |

Total No. of Lectures-Tutorials-Practical (in hours per week): U-T-P: 4-0-0

Part- A Dxfferen tial Calculus ].

kaal Topics Lectures
1

7! Introduction to Indian Ancient Mathematics and Mathematicians should be included under Continuzous Internal Evaluation

'(CIE). Definition of a sequence, theorems on limits of sequences, bounded and monotonic sequences, Cauchy's convergence criterion,
; 1 lCauchysequence, limit superior and limit inferior of a sequence, subsequence, Series of non-negative terms, convergence and 9
: }divergence, Comparison tests, Cauchy's integra) test, Ratio tests, Root test, Raabe's logarithmic test, de Morgan and Bertrand's

{ 1lests, alternating series, Leibnitz's theorem, absolute and conditional convergence.

I Limit, continuity and differentiabitity of function of single variable, Cauchy’s definition, Heine’s definition, equivalence of |

It | definition of Cauchy and Heine, Uniform continuity, Borel’s theorem, boundedness theorem, Bolzano’s theorem, Intermediate 7 !
|

i |

i :value theorem,
| exlreme value theorem, Darboux s mtermedlate value theorem for denvanves Cham rule mdctcn'nmate fon—ns

Rotlc s theorem, Lagrange and Cauchy Mean va]ue lhcorems mean value theon.ms of hwher order Taylors theorem with i
III | various forms of remainders, Successive differentiation, Leibnitz theorem, Maclaurin’s and Taylor’s series, Partial ! 7

| differentiation, Euler’s theorem on homogeneous function |
PSS - T al
v Tangent and normals, ASymptotes, Curvature, Envelops and evolutes, Tests for concavity and convexity, Points of iaflexion, |
' Multiple points, Parametric representation of curves and tracing of parametric curves, Tracing of curves in Canesian and Polar forms,
|
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Part—B Integral Calculus

Eo. of ‘

Unit ‘
Tepica Lectures
\4 i Definite integrals as limit of the sum, Riemann integral, Integrability of continuous and monotonic functions, Fundamental theorem 9 .
)ofmtegra] calculm Mean value theorems of integral ca]cu!‘us D1ﬁ'erent|atlon under the s:gn of]ntegmtlon

' V1 Improper mtegra]s, their classification and convergence, Companson test, p-test, Abel's test, Dirichlet's test, quotient test, Beta ' 7 |‘
! | and Gamma functions,
{ 1 Rectification, Volumes and Surfaces of Solid of revolution, Pappus theorem, Multiple integrals, change of order of double I
| | integration, Dirichlet’s theorem, Liouville’s theorem for multiple integrais. :
—_—m-—mMm_—m—m - - T
I VIII i Vector Differentiation, Gradient, Divergence and Curl), Normal on a surface, Directional Derivative, Veclor Integration, Theorems of 7

i Gauss Green Stokes (wnhout proof) and related problcms I

Sugges-ted Readmgs (Part- A Differential Calculus)
1. R.G. Bartle & D.R. Sherbert, Introduction to Real Analysis, Johi Wiley & Sons
i 2. T.M. Apostal, Calculus Vol. I, John Wiley & Sons Inc.
3. S. Balachandra Rao & C. K. Shantha, Differentia) Calculus, New Age Publication,
4. H. Anton, 1. Birens and S, Davis, Calculus, John Wiley and Sons, Inc., 2002.
5. G.B. Thomas and R.L. Finney, Calculus, Pearson Education, 2007. |
6. Suggestive digital platforms web links: NPTEL/SWAYAM/MOOCS

I I |

!
i 7. Course Books published in Hindi may be prescribed by the Universities.
Suggested Readings (Part-B Integral Calculus):
1. T.M. Apostal, Calculus Vol. II, John Wiley Publication
| 2. Shanti Narayan & Dr. PK. Mittal, Integral Caleulus, S.Chand
I 3. Erwin Kreyszig, Advanced Engineering Mathematics, John Wiley & Sons.
4. Suggestive digital platforms web links: NPTEL/SWAYAM/MOOCS
s. Course Books published in Hindi may be prescribed by the Universities. l

. This course ean be opted as an elective by the students of following subjects: Engg. and Tech. (UG), Chemistry/Biochemistry/Life |
'\ Sciences(UG), '

' Eeonomics(UG/PG), Commerce(UG), BBA/BCA, B.Sc.(C.S.) |

Suggested Continuous Evaluation Methods: Max, Marks: 25

SN | Assessment | Max. Marks
Type | \
1 1 Class Tests 10 i
2 Onlme Qulzzes/ Objecnve Tests | 5 |
| Presentatmn 1 l
R —— g
|4~ [ Asswnment (Introduction to Indian ancient Mathematics ald l\iaihematlclans) o - e | ‘5> ] _J
 Course prerequmtes To study this course, a student must have subject Mathematics in class (2 ]
o

| Suggested equivalent online courses:
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—
‘ Programme: Certificate
| Class: B.Sc.

B.Sc. I (SEMESTER-I) Paper-1I Practical
Year: First o - >‘Semester:
First

=

i Course Code: 0120380
»LNEP Code: B030102P

Subject: Mathematics -~

Course Title: Practical

f
' Course outcomes:

CO1: The main objective of the course is to equip the student to plot the different graph and solve the different types of equations by plotting the graph

i using different computer software such as Mathematica /MATLAB /Maple /Scilab/Maxima etc.

CO2. After completion of this course student would be able to know the convergence of sequences through plotting, verify Bolzano-Weierstrass

theorem through plotting the sequence, Cauchy’s root test by ptotting ' roots and Ratio test by plotting the ratio of whand (n + 1)® term.

i CO3. Student would be able to plot Complex numbers and their representations, Operations like addition, substraction, Multiplication, Division, Modulus

I and Graphical representation of potar form.

| CO4: Student would be able to perform following task of matrix as Addition, Multiplication, Inverse, Transpose, Determinant, Rank, Eigenvectors,

| Eigenvalues, Characteristic equation and verification of the Cayley-Hamilton theorem, Solving the systems of linear equations.

i‘
|
|

| Credits: Core Compulsory /

! 2 Elective i
l Max. Marks: 100 —l Min. Passing Marks: 33 \
iﬁ Total No. of Lectures-Tutorials-Practical (in hours per week): L-T-P: 0-0-4 l
’ Unit ] Topics l No.of |
l i | Leetures |
1- Practical / Lab work to be perforraed in Computer Lab. \
List of the practicals to be done using Mathematica /MATLAB /Maple /Scilab/Maxima etc. | ‘
| ! 1. Plotting the graphs of the following functions: | -=
' | (i) ax \ }
| ] (ii) Ix] (greatest integer function) ‘
%(iii)_xﬂ.; nEN |
(iV)x2-t nEN \ ‘
|
‘ (V) nEN : ;
| s [ !
(vi) L;nEN | !

[y |
i (vii)w{%x +b, lax + b, ¢ & lax + bl ‘ '

(8x) _ ,sin{, ,xsin, , ,ex,eX forx =0. |
l X x‘) (? | \ wl
‘ (x) e log(ax + b}, , sin(ax + b}, cos(ax + b , lsin(ax + b}, Jeos(ax + b)!. | !

as+b |
’ i |
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| Observe and discuss the effect of changes in the real constants a and b on the graphs.
! (2) By plotting the graph find the solution of the equation
x=eXxt+ 1 =ex|—x2=e,x =log(x),cos(x) = x,sin(x) = x, cos(y) = cos(x) ,sin(y) = sin(x) elc

i (3) Plotting the graphs of polynomial of degree 2,3, 4 aud 5, and their first and second derivatives.
| (4) Sketching parametric curves, e.g., Trochoid, Cycloid, Epicycloid and Hypocyeloid ctc.

|

‘ (5) Tracing of conic in Cartesian coordinates.
(6) Graph of circular and hyperbolic functions.
(7) Oblaining surface of revolution of curves.

]

(8) Complex numbers ‘and their representations, Operations like addition, Multiplication, Division, Modulus. Graphical

representationof polar form.

\ (9) Matrix Operations: Addition, Multiplication, Inverse, Transpose, Determinant, Rank.

. Suggested Readings
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B.Sc. I (SEMESTER-II) PAPER-I Matrices and Differential Equations & Geometry

‘Programme Cemﬁcate Year: First | Semester:
Class: B.Sc. ! Second
; Subject: Mathematies

" Course Code: (1-25(-)301 Course Title: Matrices and Differex:rial Equations & Geometry
.NEP Code: B030201'I

| Course outcomes:

COI The subjects.of the course are designed in such a way that they forus on developing mathematical skills in algebra, calculus and analysis and give in |
depth knowledge of geometry, calculus, algebra and other theories.

CO%: The student will be sble to find the rank, eigen values of matrices and study the linear hoinogeneous and non-homogencous equations. The course in
d&ﬁcrcntlal equation intends to develep problem solving skills for solving various types of differential equation and geometrical meaning ofdlﬁ”erentlal
cquahon |
'CO3: The subjects learn and visualize the {undamental ideas about coordinate geometry and learn to describe some of the surface by using analylicalj
geometry.

CO1: On successful completion of the course-students have gained knowledge about regular geometrical figures and their properties. They have the!

fo.mdauon for higher course in Geometry. !
]

Credits: 6 | Core Compulsory

— — T = —

Max. Marks: 25+75 i \/Iln Passing Marks

Toial No, of Lcctures-Tumna]s P)’acflca] (m hours per week) L T- P 6-0- 0
PART-A. Matrices and leferentlal Equatlons

Unit | [ No.of
Topics

| Lectures |

‘ Types of Matrices, Elementary operations on Matrices, Rank of a Matrix, Echelon form of a Matrix, Normal form of a Matrix,

12

i
. . . . ‘

1 Inverseof a Matrix by elementary operations, System of Jinear homageneous and non-homogeneous equations, Theorems on |

|

consistency of a system of linear equations.

' Eigen values, Eigen vectors and characteristic equation of a matrix, Caley-Hamilton theorem and its use in finding inverse of a |
I matrix.Complex functions and separation into real and imaginary parts, Exponential and Logarithmic functions Inverse trigonometric | 11

and hyperbohc functions

' Formaum of dl‘?crcnual eqummns, Gem‘relr)ca] meamng de dlfferemlal equation, Equatlon of r|r<t ocder and ﬁrsl degree, ‘

I Equauonln which the variables are separable, Homogeneous equations, Exact diflerentia! equations and equatiens reducible to the 11

‘exact form Lmear equations.

|Frrst ordg.r hxgher degree equations solvable for XY P, CIalraul s equation and smgula.r so]ulxons onhogonal trajectories,

| Linear differential equation of order greater than one with constant coefficients, Cauchy- Euler form.

PART-B. Geometry

UG MATHEMATICS






' Unit

i Topics 7 ' No. of
i | Lectures
\% [ General equation of second degree, Systemn of conics, Tracing of conics, Confocal conics in two dimentional geometry. ai 12
VI l Three-Dimensional Coordinates, Projection and Direetion Cosine, Plane (Cartesian and vector form), Straight line in three dimension. 11
Vl[l; -S;h;re and Cone with related probieg B - o - B - ‘_117 4
| VI i Cylinder, Definition only: Central conicoids, Paral;o]oids, Plane section of conicoids, Generating lines, Confocal conicoids. | 11

. Suggested Readings (PART-A Matrices and Differential Equations):
[. Stephen H. Friedberg, A.J Insel & L.E. Spence, Linear Algebra, Person |
2. B.Rai, D.P. Choudbary & H.J. Freedman, A Course in Differential Equations, Narosa |
3. D.A. Murray, Introductory Course in Differential Equations, Orient Longman
4. Suggested digital plateform:NPTEL/SWAYAM/MOOCs
5. Course Books published in Hindi may be prescribed by the Universities.
Suggested Readings (Part-B Geometry):
1. Robert J.T Bell, Elementary Treatise on Coordinate Geometry of three dimensions, Macmillan India Ltd.
2. PR. Vittal, Analytical Geometry 2d & 3D, Pearson.
3.S.L, Loney, The Elements of Coordinate Geometry, McMillan and Company, Londen.
4. R.J.T. Bill, Elementary Treatise on Coordinate Geometry of Threc Dimensions, McMillan India Ltd., 1994.
5. Suggested digital plateform:NPTEL/SWAYAM/MOOCs

6. Course Books published in Hindi may be prescribed by the Universities.

,!This course can be opted as an elective by the students of following subjects: Er;gg. -and Tech. (UG), Economics(UG/PG), Commerce(UG), BBA/
BCA,

B.Se.(C.S.)

S Suggested Continuous Evalugﬁon Methor_i-s: Max. Marks: .
2 ‘

'8 | ) ) Assessment | Max. Marks

No e R B

1 jClass Tests | 10

5 Online Quizzes/ Objective Tests | 5

;—,Presentaﬁon - 7 | 5

4 |Assignment S - Bl 5 |

Course prerequisites: To study this course, a student must have subject Mathematics in class 12

Suggested equivalent online courses:

Further Suggestions:
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B.Sc.(Mathematics)-11 Year
Diploma in Mathematics



B.Sc.II (SEMESTER-III) PAPER-I Algebra & Mathematical Methods

Programme: Diploma

| Semester: Third
Class: B.Sc. | Year: Second

Subject_: Mathematics

| Course Code: 0320301 | Course Title: Algebra & Mathematical Methods
. NEP Code: B030301T |

: Course outcomes:
CO1: Group theory is one of the building blocks of modern algebra. Objective of this course is to introduce students to basic concepts of Group, Ring

| theory and their properties.

' CO2: A student learning this course gets a concept of Group, Ring, Integral Domain and their properties. This course will lead the student to basic course
in advanced mathematics and Algebra.

. CO3: The course gives emphasis Lo enhance students’ knowledge of functions of two variables, Laplace Transforms, Fourier Series. |
CO4: On successful completion of the course students should have knowledge about higher different mathematical methods and will help him in going

 for bigher studies and research.

Credits: 6 Core Compulsory
Max, Marks: 25+75

Min. Passing Marks:

Total No. of Lectures-Tutorials-Practical (in hours per week): L-T-P: 6-0-0

Part- A, Algebra
Unit Topics | No.of L

\

| Lectures

Introduction to Indian-ancient Mathematics and Mathematicians should be included under Continuous Internal Evaluation | ’

(CIE).
! I i Equivalence relations and partitions, Congruence modulo n, Definition of a group with examples and simple properties, 12

l Subgroups, Generators of a group, Cyclic groups. ’

| Permutation groups, Even and odd permutations, The alternating group, Cayley’s theorem, Direct products, Coset

I1 'decomposilion, Lagrange’s theorem and its cansequences, Fermat and Euler theorems 11
gra
1
IM | Normal subgroups, Quotient groups, Homomorphism and isomorphism, Fundamental theorem of homororphism, Theorems 11
|on isomorphism.

v | Rings, Subrings, Integral domains and fields, Characteristic of a ring, Ideal and quotient rings, Ring homomorphism, Field of
I1quc>£ient of an integral domain. | 11

UG MATHEMATICS 10



Part- B

Mathematical Methods |
.‘ No.of |
| Unit .
| Topics Lectures
l % Limit and Continuity of functions of two variables, DilTerentiation of function of two variables, Necessary and sufficient condition l
\% | for differentiability of functions two variables, Schwarz’s, Young theorem. Taylor's theorem (Statements only) for functions of 12
! | two variables with examples, Maxima and minima for functions of two variables, Lagrange multiplier method(without proof), |
) | Jacobfans. i
‘ | Existence theorems for Laplace transforms, Linearity of Laplace transform and their propetties, Laplace transform of the |
lovr derivatives and integrals of a function, Convolution theorem, inverse Laplace transforms, Solution of the differential equations | 1
I jusing Laplace transforms. ‘ !
VII | Fourier series, Fourier expansion of piecewise monotonic functions, Half and full range expansions, Fourier transforms (finite 11
 and infinite),
| Calculus of variations-Variational problems with fixed boundaries- Euier's equation for functionals containing first order 1
viip | derivative and one independent variable, Extremals, Functionals dependent on higher order derivalives. \ |
. Suggested Readings(Part-A Algebra):
! 1. 1.B. Fraleigh, A first course in Abstract Algebra, Addison-weley
2. 1. N. Herstein, Topics in Algebra, John Wiley & Sons
3. Suggested digital ptateform: NPTEL/SWAYAM/MOOCS
4. Course Books published in Hindi may be prescribed by the Universities.
Suggested Readings (Part- B Mathematical Methods):
l 1. T.M. Apostal, Mathematical Analysis, Person
1
| 2. G.E. Simmons, Differential Equations with Application and Ilistorical Notes, Tata -McGrawHill
| 3. Erwin Kreyszig, Advanced Engineering Mathematics, John Wiley & Sons.
. 4. Suggested digital plateform: NPTEL/SWAYAM/MOOCs
L 5. Course Books published in Hindi may be prescribed by the Universities.
.I This course can be opted as an elective by the students of following subjects: Engg. and Tech. (UG), B.Sc.(C.S.)
| Suggested Continuous Evaluation Methods: Max, Marks: 25 '
T T i
'S Assessment | Max.Marks |
NG Type ! _
I Class Tests | 10 !
12 | Online Quizzes/ Objective Tests | 5
}3 | Presentation 5
14 ]Assignment (Introduction to Indian ancient Mathematics and Mathematicians) 5
|
| Course prerequisites: To study this course, a student must have subject Mathematics in class 12 i
Suggested equivalent online courses: |
I Further Suggestions:
UG MATHEMATICS 11



B.Sc. II (SEMESTER-IV) PAPER-I Differential Equations & Mechanics

| Programme: Diploma : Year: Second j Semester: Fourth

Class: B.Sc.

Subject: Mathematics

Course Code: 0420301 |

| NEP Code: B0304¢1T

Course outcomes:

Course Title: Differential Equations & Mechanics

|
|

CO1: The objective of this course is to familiarize the students with various methods of solving differential equations, partial differential equations of ﬁrstl
j order and second order ard to have qualitative applications, |
" CO2: A student doing this course is able to solve differential equations and is able to model! problems in nature using ordinary diffetential equations. Afler‘
| completing this course, a student will be able to 1ake more courses on wave equation, heat equation, diffusion equation, gas dynamics, non linear evolution

equation etc. These entire courses are important in engineering and industrial applications for solving boundary value problem.

CO3: The object of the paper is to give students knowledge of basic mechanics such as simple harmonic motion, metion under other laws and forces. |
: CO4: The student, after completing the course can go for higher problems in mechanic such as hydrodynamics, this will be hefpfu! in getting employment i

industry. ]
s Credit:6 |+ CoreCompulsory/Elective
!_7 Max. Marks: 25+75 ‘ Min. Passing Marks: i
o ___Totﬁal No. of Le_c_tEeE-TutoLals-Pract:cal (in hours per) week) LT P: 6-0- 0 - ___::
Part- A
Differential Equations
kI-Jnit ) Topics J No. of
‘ Lectures I
Second order linear di-Pfereminl equatior:ls with variable coefficients: Use of a known solution to Vﬁnd another, normal form, method |
I i of undetermined ooeﬂ';aent variation of parameters, ! 11
- lgicl;aar;gea of Power series soTu-l;ns ofseco_;i;der-orm;;y d_ngc;entm) eqTanons(ODE), Basse]s and cheﬁder f-uncnons and ‘ 12
|i B ‘thexr properties e B ) ; |
| Origin of first order partial differential equanons Partial dlfferenua] equations of the ﬂrst order and degree one, Lagrangc s solution, |
I I partial differential equation of first order and degree greater than one. Charpit's method of solution, ‘ -
| |
o _| O_n-gm of second o_ml;; PDE Solution of};;ngd}erc_nna equatlom_o_fﬁers-e;nd and_hagher o;aé; wnh conslzmr 7; N
v “coeﬂ'lcmnts Classification of linear partial differential equations of second order, Solution of second order partial differential | 11

equatlons with variable coeﬁ‘cnents \/longe s method ofso]utlon

_Part- B_

Mechanics

UG MATHEMATICS . 12



Unit - | Topic 7 No. of
s

Lecture |

| | s |

Vv ! Frame of reference, work energy principle, Forces in three dimensions, Poinsot's central axjs, Wrenches, Null lines and ptanes. 11 |
\ VI | j Virtual work, Stable and Uristable equilibrium, 1m

| iVe]ocmes and acce]eratmns along radla] and transverse directions, and along tangenlla] and norma) directions, Slmple
! IE' | Harmonic motion, Motion under other law of forces. Elastic strmgs Motion in resisting medium, It

| VI : Constrained motion, Motion on smooth and rough plane curves. Cemral orbit, Kepler's laws of motion, Monon of particle in lhlee 12

dimensjons

; Suggested Readings(Part-A Differential Equations):
1. G.F. Simmons, Differential Equations with Application and Historica) Notes, Tata ~McGrawHill
2. B. Rai, D.P. Choudhary & H. J. Freedman, A Course of Ordinary Differential Equations, Narosa
3, Jan N. Snedden, Elements of Partial Differential Equations, Dover Publication
4. L.E. Elsgolts, Differential Equation and Calculus of variations, University Press of the Pacific,
5. Suggested digital plateform:NPTEL/SWAYAM/MOOCs
6. Course Books published in Hindi may be prescribed by the Universities.
Suggested Readings(Part-B Mechanies):
[. R.C. Hibbeler, Engineering Mechanics-Stalics, Prentics Hall Publishers
. R.C. Hibbeler, Engineering Mechanics-Dynamics, Prentics Hall Publishers
. A. Nelson, Engineering Mechanics Statics and Dynamics, Tata McGraw Hill
. J.L. Synge & B.A. Griffith, Principles of Mechanics, Tata McGraw Hill
. Suggested digital plateform:NPTEL/SWAYAM/MOOQOCs
. Course Books published in Hindi may be prescribed by the Universities.

wohA W

N

Thls course can be opted as an elective by the students of fo]Iowmg subjects: Engg. and Tech. (UG), Economlcs(UG/'PG) B Sc.(C.S)

| Suggested Continuous Evaluation Methods: Max, Marks:
25

S Assessment | Max. Marks
N Type

1! Class Tests

gl T

f2 Online quzzesl Object;ve Tests | 5

10

\ Presentation

4 Assngnment ! 5

' Course prerequisites: To study this course, a student must have Cemﬁm[e Course in Applied Malhemallcs

' Suggested equivalent online courses:

Further Suggestions:

UG MATHEMATICS 13
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B.Se. III (SEMESTER-V) PAPER-I Group and Ring Theory & Linear Algebra

| Programme: Degree ‘ Year: Third | Semester: Fifth
Class: B.Sc. ‘
Subject: Mathematics
Course Code: 0520301 Course Title: Group and Ring Theory & Linear Algebra [
 NEP Code: B03050fT B

Course outcomes:

1CO1: Liner algebra is a basic course in almost all branches of science. The objective of this course is to introduce a student to the basies of linear algebra

. andsome of its applications.

| CO2: Students wili be able to know the concepts of group, ring and other related properties which will prepare the students to take up further applications in !

the relevant fields.

CO3: The student will use this knowledge in computer science, finance mathematics, industrial mathematics and bio mathematics. After completion of this
| course students appreciate its interdisciplinary nature,
Credits: 5 i Core Compulsory

Max. Marks: 25+75 { Min. Passing Marks: 33

]
Total No. of Lectures-Tutorials-Practical (in hours per week): L-T-P: 5-0-0
, PART-A
Group and Ring Theory '
' | B - - o 7 No. of
Unit | Topics
Lectures '

! Introduction to Indian ancient Mathematics and Mathematicians should be included under Continuous Internal Evaluation i
[ (CIE). 10

| Automorphism, inner antomorphism, Automorphism groups, Automorphism groups of finite and infinite cyclic groups.
' I i Characteristic subgroups, Commutator subgroup and its properties; Applications of factor groups to automorphism groups. 10

_I\ Polynomial rings over commutative rings, Division -algorithm and consequences, Principal ideal domains, Factorization of

m ‘ polynomials, Reducibility tests, [rreducibility tests, Eisenstein criterion. 0
lDivisibi]ity in integral domains, Irreducibles, Primes, Unique factorization domains, Euclidean domains, 9
v
15
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—-——————— -

! PART-B

| Linear Algebra .
|
| ]l : No. of |
" Unit ! Topics ‘.
! i 1 Lectures |
| ISE—
" \% | Vector spaces, Subspaces, Lmear mdependence and dependence of veclors, Basis and Dimension, direct sum and Quotient space. 1 10 T
VI | Linear transformations, The Aigebra of linear transformations, rank and null space. | 9
VII Rank nullity theorern, Lheﬂ representation as matrices., Change of basis, Characteristic values, Cayley Hamilton Theorem. i 9
| Inner product spaces and norms, Canchy-Schwarz inequality, Orthogonal vectors, Orthonormal sets and bases, Bessel’s inequality for f |
VI | finite dlmenmona] spaces, Gram-Sehmidt onhogonahzauon process. i 9
1Sugges\‘ed Rcadmgs
| .
, 1. Topics in Algebra by 1. N. Herstein. \
|
| 2. Linear Algebra by K. Hoffman and R. Kunze.
|
| 3. Suggested digital plateform: NPTEL/SWAYAM/MOOCs |
| |
4. Course Books published in Hindi may be prescribed by the Universities. |
| This course can be opted as an elective by the students of following subjects: Engg. and Tech. (UG), BCA, B.Sc.(C.S.) :
Suggested Continuous Evaluztion Methods: Max, Marks: :
25 et aer ol
1S | Assessment Type ' Max. Marks
IN | |
Rattl B . . S Lo S Ry SO S ey
1 . Class Tests ! 10 _
[t = N, S eSS N |
{ |
12| Online Quizzes! Objective Tests ; 5 !
13 |Presentation { 5
L e e e S S SR s 1 SRS
4 \Assxgnment (Introduction to Indlan ancxenl Vlathemancs and Mathematicians) ] 5
l Course prereqmsnes To study 1hls course, a student must have Diploma in Mathematics |
' Suggested equivalent online courses: l
Further Suggestions:
L e o & e e SRS e e el TS e s g ST — ——— e )
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B.Sc. ITT (SEMESTER-V) PAPER-UI (1) Number Theory & Game Theory

Programme: Degree : Year: Third | Semester: Sixth
' Class: B.Sc.

Subject: Mathematics

| Course Code: 0520302 | Course Title: Nuraber Theory & Game Theory
‘COde B030502T

| Course outcomes.

.l CO1: Upen successful completion, sudénts will have the knowledge and skills to solve problems in elementary number theory and also apply
elementary

; number theory to cryptography.

CO2: This course provides an introduction to Game Theory. Game Theory is a mathematical framework which makes possible the analysis of the decision
making process of interdependent subjects. [t is aimed at explzining and predicting how individuals behave in a specific sirategic situation, and
therefore help improve deeision making.

CO3: A situation is strategic if the outcome of a decision problem depends on the choices of more than one person. Most decision problems in real life are

! strategic.
1 CO4: To illustrate the concepts, real-world examples, case studies, and classroom experiments might be used.

Credits: 5 7 . T Elecnve 7 - -

Max. Marks 25+75 Mm Pascmg Marks 33

Total No ofLectures-’[‘utona)s—?racﬂcal (m hours per week) L T P 5- 0~

| Part- A

Number Theory

Unit | Topics No. of
} | Lectu res

-— e

Theory of Numbers. | ¢
I Dnvmblhty, Euclidean algorithm; primes; congruences; Fermat’s theorem, Euler’s theorem and Wilson’s theorem; Fermat’s 10
quonents dl‘ld their elemenzary consequences; solutions of congruences; Chinese remainder theorem.

Congruences
ICongmm(,e modulo powers of prime; primitive roots and their existence; quadratic residues; Legendre symbol, Jacobi symbol,

! I
: ' \dob:ous Funcnon 'md Euler H ph} Function.

|
|
|
: | D.lophanlme Equanons ‘

11 ’Solulion‘s of ax + by = ¢, x» + y» = z#; properties of Pythagerean triples; sums of two and four squares; assorted examples of !

! dlophamme equations.

\— —— sl ISR ERRE R

Generating Funchons and Recurrence Relatwns

Generating Function Models, Calculating eoefficient of generating functions, Partitions, Exporential Generating Functions, A
) v | Summation Method. Recurvence Relations: Recurrence Relation Models, Divide and conquer Relations, Solution of Linear, | 9
! | Recurrence Relations, Solution of [nhomogeneous Recurrence Relations, Solutions with Generating Functions. i

p SN
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1 Part- B

Game Theory
== e e o i
} Unit | i No.of
! ; |
| | TO:‘)IC | Lecture '
| ‘ ] |
{ | Introduction, overview, uses of game theory, some applications and examples, and formal definitions of: the normal form, [ l
|
Y payoﬁs strategies, pure strategy Nash ethbnum i !
| VI Introduction, characteristic of game theory, Two- person zero-surn game, Pure and Mixed stralegies Saddle point and its exzslencc 1 1
- !
.[ Fundamental Theorem of Rectangular games, Concept of Dominance, Dominance and Graphical method of solving l X
VI1 | Rectangulargames. | i
‘ Relallonshxp between rectangular game and Linear Programming Problem, Solving rectangular game by Simplex method, reduction | |
vur l ofm x n game and solution of 2x2, 2 x s, and r x 2 cases by graphical method. ! 9 |
' Suggested Readings (Part-A Number Theory ): !

l 1. Niven, I., Zuckerman, H. S. and Montegomery, H. L. (2003) An Int. to the Theory of Numbers (6th edition) John Wiley and sons, Inc., New York.
, 2. Burton, D. M. (2002) Elementary Number Theory (4th edition) Unjversal Book Stall, New Delhi.
| 3.Balakrishnan, V. K. (1994} Schaum’s Outline of Theory and Problems of Combinatorics Including Concepts of Graph Theory, Schaum’s Outline, {
| 4.Balakrishnan,V., K. (1996) Intreductory Discrete Mathematics, Dover Publications. ;
5.Suggested digital plateform:NPTEL/SWAYAM/MOOCs
6. Course Books published in Hindi may be prescribed by the Universities.

: Suggested Readings (Part-B Game Theory):
. 1. Martin Osborne, An Introduction to Game Theory, Oxford University Press, 2003
| . . .
| 2. Vijay Krishna, Game Theory, Academic Press.
+ 3. Prajit Dutta, Strategies and Games, MIT Press, (Website 1) hupi/iwe w.ece stevens-tech.edw/~ccomanic/ee800c.htm]
5. Allan MacKenzie, Game Theory for Wireless Engineers, Synthesis lectures on Communications, 2006
6. Suggested digital plateform:NPTEL/SWAYAM/MOOCS

7. Course Books published in Hindi may be prescribed by the Universities.

\T}us course can be opted as an e!ectwe by the students offollowmg sub)ects ang and Tech (UG) B.Sa. (C S. ) i

Suggested Continuous Evaluation Methods: Max. Marks.

25
TW'“_' 7 Asesmemt | MaxMarks
Type i
;chasﬁ;st? T T I
2 OnlineQuizzes/ ObjectiveTests T s
i iPresentatmn S 7 - - ,' & __‘
4 |Assignment - B T s

. Course prerequisites: To smdy this course, 2 studem musl have Dlploma in Mathcmahcs

| Suggested eqmva.lent onlme  courses:

. Further Suggestions: l
| Rl e SETPULE Y o "
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B.Sc. III (SEMESTER-V) PAPER-II (ii) Graph Theory & Discrete Mathematics

Programme: Degree | Year: Third | Semester: Sixth
| Class: B.Sc. | ‘

Subject: Mathematics

_; Course Code: 0520303 ‘r Course Title: Graph Theory & Discrete Mathematics
| NEP Code: B030502T |

% Course outcomes:
i CO1: Upon successful completion, students will have the knowledge of various types of graphs, their terminology and applications.

NN T, S

CO2: After Successful completion of this course students will be able to understand the isomorphism and homomorphism of graphs. This course covers the

basic conocepts of graphs used in computer science and other disciplines, The topics include path, circuits, adjacency matrix, tree, coloring.. After succ‘essful_!
. |

|
| CO3: After successful completion, students will have the knowledge of Logic gates, Kamaugh maps and skills to proof by using truth tables. After|

 completion of this course the student will have the knowledge graph coloring, color problem, vertex coloring.
I

| Successful completion of this course students will be able to apply the basics of the automation theory, transilion function and table. 1
: CO4: This course covers the basic concepts of discrete mathematics used in computer science and other disciplines that involve formal reasoning. The 1
| topics include logic, counting, relations, hasse diagram and Boolean algebra. After successful completion of this course the student will have the "
iknowlcdge in '
; Mathematical reasoning, corabinatorial analysis, discrete structures and Applications.

' Creditsss | © Elective
3 o - Min. Passing Mrarks_: 33

Total No. of Lectures-Tutorfals-Practical (in hours per week): L-T-P: 5-0-0

{ Max, Marks: 25+75

Part- A I‘
Graph Theory

——— o 3 S S S R SR ).
Unit Topics No. of |
' 1 Lectures |
| Introduction to graphs, basie properties of graphs, Simple graph, multi graph, graph terminology, representation of graphs, : 10 1

Bipartite,regular, planar and connected graphs, connected components in a graph, Euler graphs, Directed, Undirected, multi-graph, |

| mixed graph.

; u Walk and unilateral components, unicursal graph, Hamiltonian path and circuits, Graph colouring, chromaties number, isomorphism 9 l
{ and homomorphism of graphs, Incidence relation and degree of the graph. |
. . . . . . . ' - . . . . !
Operation of graph cireuit, Path and circuits, Eulerian circuits, Hamiltonian path and cycles, Adjacency wmatrix, Weighted |
| I graph,Travelling salesman problem, Shortest path, Dijkstra’s algorithm. 9 |
I |
IV | Tree, Binary and Spanning trees, Coloring, Color problems, Vertex coloring and important properties. 9
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Part- B
Discrete Mathematies

. SO e o 4
Unit | ; No. of
| | Topigs Lectures
| ' Propositional Logie- Proposition logic, basic lomc logical connectives, truth tables, tautologies, contradiction, normal form: |
l(con_)uncnve and disjunctive), modus ponens and modus tollens, validity, predicate logic, universal and existential quantification, v [
I10

v l | proofby implication, converse, inverse contrapositive, contradiction, direct proof by using truth table. |

‘ Relahon Definition, types of relation, domain and range of a relalion, pictorial representation of relation, properties of relation,
| 1partlal ordering relation, Representation of Posets using Hasse Diagram, Chains, Maxinval and Minimal Point, Glb, Lub, Lattices and 10

VI its basic properties |
{ VII lBoolean Algebra- Basic definitions, Sum of products and products of sums, Logic gates Switching Circuits and Karnaugh maps
1 VIIL : Combinatories- Inclusion- exclusion, recurrence refations (nth order recurrence relation with constant coefficients, Homogeneous | 9 "
recurrence relations, inhomogeneous recurrence relations), generating function (closed form expression, properties of G.F., solution o(l
} recurrence re]auons u.smg G. F solutlon ofcomhmatonal problem usma G. F)
i Suggested Readmgs (Part—A Graph Theory)
I 1. "Graph Theory with Applications to Engirecring and Computer Science” by Narsingh Deo
1 2. “Introduction to Graph Theory™ by Douglas B West ‘
3. “Graph Theory with Algorithms and [ts Applications: In Applied Science and Technology” by Santanu Saha Ray |
4. Suggested digital plateform:NPTEL/SWAYAM/MOOCs |
S. Course Books published in Hindi may be prescribed by the Universities. l
Suggested Readings (Part-B Diserete Mathematics):
{. Discrete Mathematics by C. L.Liu.
2. Discrete Mathematics with computer application by Trembley and
Manohar. 3.Discrete Mathematics and Its Applications by Kenneth H. ‘
Resen
4. Suggested digital plateform:NPTEL/SWAYAM/MOOCS
5. Cou.rse Books pub ished in Hindi may be prescribed by thc Umversmes
Th]S course can be opted as an elective by the students of followmg subjects Enzg and Tech (UG) B. Sc (C S) '
! Suggested Continuous Evaluation Methods: Max. Marks: 25
) Assessment Type | Max. Marks
'N \ [
1 1 Ciass Tests ‘. 10
2 Onlme Quwzcs/ Objective TcsTs i 5 |
3 Presenlanon | 5
| 4 | Assxgnment | 5
i Course prereqmsxtes To s(udy this course, a studcnt must havc Dlploma in Mathemitxcs |
i Suggested equivalent online courses:
; Further Suggestlons
20
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B.Sc. III (SEMESTER-V) PAPER-II (iii) Differential Geometry & Tensor Analysis

Programme: Degree | Year: Third | Semester: Sixth

! Class: B.Sc.

s
| Subject: Mathematics

! Course Code: 0520304 | Course Title: Differential Geometry & Tensor Analysis
i NEP Code: B030502T !

T
Course outcomes:

1 CO1: After Successful completion of this course, students should be able to determine and calculate curvature of curves in different coordinate systems.
vC02 This course covers the Local theory of Curves Local theory of surfaces, Geodesics, Geodesics curvature, Geodesic polars, Curvature of curves
| "on surfaces, Gaussian curvature, Normal curvature etc. I
| CO3: After Successful completion of this course, students shoulgd have the knowledge of tensor algebrs, different types of tensors, Riemannian space, Ricei
iensor Emstem space and Einstein tensor efc.

Credits: 5 ! Elective
Max. Marks: 25+75 Min. Passing Marks: 33
I Total No. of Lectures-Tutorials-Practical (in hours per week): L-T-P: 5-0-0
T — 1
, Part- A |
Differential Geometry

- | Noof

Unit Topics Lieotupes ‘
|
Boowpmemnl o = PR S SR SRS T L. = — S e e e —
;l | Local theory of curves-Space curves, Examples, Plane Curves, tangent and normal and binormal, Osculating Plane, nornal plane and #

| ,recnfymg plane, Osculating circle, osculating sphere Helices, Serret-Frenet apparatus, contact between curve and surfaces, tangent
surfaccs, mvolutes and evolutes of curves, Bertrand curves, Intrinsic equauons fundamenta) existence theorem for space curves.

U regression,ruled surfaces, skew ruled surfaces and developable surfaces, surfaccs of revolution, Helicoids.
1

1
]Memc ﬁl‘at fundamental form and are length, Direction coefficients, families of curves, intrinsic properties, geodesics, l

i 1canon1calgeodesm equations, normal properties of geodesics, geodesics curvature, Geodesic polars.

|
|
i
|
'Local Theory of Surfaces- Parametric patches on surface curve of a surface, family of surfaces (one parameter), edge of l

i - curvature,Gaussian curvature, umbilic points, lines of qurvature, Rodrigue’s formula, Euler’s theorem.

| Gauss Bonnet Lhenrem curvature of curves on surfaccs, Gaussmn curvature, norma) curvature, \Aeusnen s lheorem mean ,

9
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Part- B

Tensor Analysis
| Unit : ' No. of
i . |
! Topic
! | 0: . Lecture |
| 3
- e e SNSRI |
\'% | Tensor algebra: Vector spaces, the dual spaces, tensor product of vector spaces, transformation formulae, contraction, special i 10 [
g \ pa paces. : P P
| tensors-symmetric tensor, inner product, associated tensor with examples. | |
A2 !Tensor Analysis: Contravariant and covariant vectors and tensors, Mixed tensors, Symmetric and skew-symmetric tensors, Algebra of 10
| tensors, Contraction and jnner product, Quotient theorem, Reciprocal tensors, Christoffel’s symbols, Law of transformation of .
| Christoffel’s symbols, Covariant differentiation, non- commutativity of Covariant derivative. ! B
vl | 1 Gradient of scalars, Divergence of a contravariant vector, covariant vector and conservative vectors, Laplacian of an invariant, curl of I 9 i
£ p
iacovarnnt vector, 1rrolzmonal vector, with examples l
| VIII Rjemanman space, R]emanman curvatures and their properties, geodesics, geodesm curvature geomemoal interpretation of { 9 |

i curvaturetensor, Ricci tensor, scalar curvature, Emstem space and Emstcm tensor. |

Suggested Readmgs (Part A leferennal Gcometry)

1. T.J. Willmore, An Introduction to Differential Geometry, Dover Publications, 2012.

B. O°Neill, Elementary Differential Geometry, 2nd Ed., Academic Press, 2006.

. C.E. Weatherbum, Differential Geometry of Three Dimensions, Cambridge University Press 2003, i
. D.J. Struik, Lectures on Classical Differential Geomeiry, Dover Publications, 1988.

S. Lang, Fundamentals of Differential Geometry, Springer, 1999.

B. Spain, Tensor Calculus: A Concise Course, Dover Publications, 2003. |
An Introduction to Differential Geometry (with the use of tensor Calculus), L. P. Eisenharl, Princeton University Press, 1940. |
8. Tensor Analysis, Theory and Applications to Geomelry and Mechanics of Continua, 2nd Edition, 1. S. Sokolnikoff, John Wiley and Sous., 1964. |
9. Suggested digital plateform:NPTEL/SWAYAM/MOOCs

+10. Course Books published in Hindi may be prescribed by the Universities.

Now s wN

iSuggesled Readings (Part-B Tensor Analysis):
1. Tensors- Mathematics of Differential Geometry by Z. Ahsan, PHI,2015
2. David C. Kay, Tensor Analysis, Schaum's Outline Series, McGraw Hill 1988. !
3. R. S, Mishra, A Course in Tensors with Applications 1o Reimannian Georetry, Pothishala Pvt. Ltd, Allahabad. I
4. Suggested digital plateform:NPTEL/SWAYAM/MOOCS
S. Course Books pubhshed in Hmd1 may b be prescnbed by the Umversmes

Thns course can be optcd as an ¢ e1cchve by the sludcnls offo]lowmg sub)ects Engg and Tech (UG), B Sc (C S )
Suggestcd Continuous Evaluation Methods Max. Marks 25

Sn ' Assessment Type ; Max. Marks
LL\C]assTests & I _»1_0__;
12 Onlme Qulzzesl Objecnve Tesls | 5
3 Presentatmn | 5

o — - e e S e o — = e

l4 | Assignment 5
Ll P X

Course prerequmtes To srudy this course, a studem must have D]ploma in Mathemaucs

Suggested equivalent online courses: i

Further Suggestions:
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B.Sc. UI (SEMESTER-VI) PAPER-I METRIC SPACES & COMPLEXANALYSIS

i Programme: Degree | Year: Third ! Semester: Sixth
. Class: B.Sc. '
' Subject: Mathematics

| Course Code: 0620301 | Course Title: METRIC SPACES & COMPLEX ANALYSIS
.NEP Code: BO30601T | |

, Course outcomes:
| CO1: The course is aimed at exposing the students to foundations of analysis which will be useful in understanding various physical phenomeéna and gives '
| the student the foundation in mathematics.
1 CO2: After completion of this course the student will have rigorous and deeper understanding of fundamental concepts in Mathematics. This will be helpful |
I to the student in understanding pure mathematies and in research,

' CO3: Students will be able to know the concepts of metric space, basic concepts and developments of complex analysis which will prepare the students to [

|

take up further applications in the relevant fields.
i

Credits: 4 ) >Core Compulsory
o MaxMadkedss 0 MinPesegMas®
| Total No. of Lectures-Tutorials-Practical (in hours per week): L-T-P: 4-0-0
Part- A,  Metric Spaces
{
i Unit l Topics ' ] No. of-
¢ ' f Lectures |
P _TBa_sic Conc;!;ts I o - |=~ j
I Metric spaces: Definition and examples, diameters in Metric Space, Bounded and Unbounded Metric Space. i 8
" Topology of Metric Spaces I *' -
u Open and closed ball, Neighborhood, Open set, [nterior of a set, limit point of a set, derived set, closed set, closure of 8
| set,Subspaces, Dense set. ‘ |
i | Completeness in Metric Spaces ;
B Sequences in metric spaces, Cauchy sequences, Complete metric space with Examples, Cantor intersection Theorem ‘ £
[
| Continuity & Uniform Continuity in Mefric Spaces o “f R
¢ ' Continuous mappings, Sequential criterion and other characterizations of continuity, Uni form continuity, Homeomorphism, ' . |
|

, Contraction mapping, Banach fixed point theorem
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]

Part- B
Complex Analysis

| Unit

Topies

, No. of

1 Lectures |

v

Functions of compléx variable, Mappings; Mappings by the exponential function, Limits, Theorems on limits, Limits involving the
point at infinity, Conltinuity, Derivatives, Differentiation formulae,

, VI

Cauchy-Riemann equations, Sufficient conditions for differentiability; Analytic functions and their examples, Harmonic Funetion,
method of construction of a regular function(Mitne-Thomson’s Method..

VII

C v

Conformal Mapping, necc. & suff. Condition; inverse point, bilinear transforination, critical point, cross ratio, fixed poinL.

Exponential functions, Logarithmic functions, branches and derivative of logarithmic function, Trigonometric functions, Derivative
of functions. Definite integral of functiens, contours, contour integrals and its examples, upper bound for moduli of contour intcgrali_l

Suggested Readings (Part-A Metric Space):
| 1. Mathematical Analysis by Shanti Narain.
2. Shirali, Satish & Vasudeva, H. L. (2009). Metric Spaces, Springer, First Indian Print.
1 3. Kumaresan, S. (2014). Topology of Metric Spaces (2nd ed.). Narosa Publishing Hounse. New Delhi.
4, Simmons, G. F. (2004}, Introduction te Topology and Modemn Analysis.Tata McGraw Hill. New Delhj.
. 5. Suggested digital plateform:NPTEL/SWAYAM/MOOCS.
6, Course Books published in Hindi may be prescribed by the Universities.

! Suggested Readings (Part-B Complex Analysis):

I 1. Function of Complex Variable by Shanti Narain.

2. Complex variable and applications by Brown & Churchill.

| 3. Suggested digital plateform:NPTEL/SWAYAM/MOOCS.

14. Course Books published in Hindi may be prescribed by the Unjversities.

| This course can be opted as an €lective by the students of following subjects: Engg. and Tech. (UG), B.Sc.(C.S.)

r

[ Suggested Continuous Evaluation Methods: Max. Marks:
25
i 2

| e e P i —————— e

'S ‘ Assessment

Type

(1 l Class Tests

| 2 } Online Quizzes/ Objective Tests

10

|

Max. Marks |

i3 " Presentation

4 | Assignment

| Course prerequisites: To study this course, a student must have Diploma in Mathematics

| Suggested equivalent online courses:

| Further Suggestions:
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B.Sc. I (SEMESTER-V]) PAPER-II Numerical Analysis & Operation Research

Programme: Degree \ Year: Third Semester: Sixth
| Class: B.Sc.

Subject: Mathematics.

' Course Code: 0620302 | Course Title: Numerical Analysis & Operations Research ‘
| NEP Code: B030602T

! Course outcomes:
{ CO1: The aim of this course is to teach the student the application of various numerica! technique for variety of problems occurring in daily life. At the end
| ofthe course the student will be able to understand the basic concept of Numerical Analysis and to solve algebraic and differential equation, |
' CO2: The main outcome will be that students will be able to handle problems and finding approximated solution. Later he can opt for advance course
| in Nurnerical Analysis in higher Mathematics.

CO3: The student will be able to solve various problems based on convex sets and linear programming. Afier successful completion of this paper will
enable the students to apply the basic concepts of transportation problems and its relaled problems to apply in further concepts and

i application of operations

research.
.~ Crdis4 | CoreCompubory |
MaxMarks:i25+75 Vi PesimgMarksid
- Total No. of Lectures-Tutorials-Practical (in hours per week): L- T—P_tt—a)—m— -
; PART-A |
. Numerical Analysis '
_UnTt b - -—7:1:0;:;; o - ) T T.&‘o.io-f_
‘ | Lectures '
‘ Errors in computations, floating point represcntalig;ofnmsbm, significant digits, roimding and chopping errors, absolute and o \b— o
1 | relative errors, computation of errors using differentials, truncation errors. Solution of algebraic and transcendental equations; | 8

; bisection, Secant, Regular Falsi, Newton Raphson’s method, Newton’s method for multiple roots. | )
l Caculus of finile differences, Interpolation,Lagrange and Hermite interpolation, Newton’s Divided difference formula, {nlenpolation_ | 8 i

u | formula using differences. !
T - I 3 \Jumc;:aj;i-)ﬁerenlxauon usm; N_e»\;lon ’s fc;\vardez m;d b;ck—‘;ar;{ formula dlfferelmauon Byﬁc;nrtral and_d;wded diﬁ';e;]cc o 7 »
1formu|a Numerical Integration: Trapezoidal, Weddle, Simpsons Newton Cotes Formulas, Gaussian Quadratic Formulas. i :

System of Linear equations: Direct method for solving systems of linear equations (Gauss elimination, LU Decornposition, Cholesky 1
RS | Decomposition), [terative methods (Jacobi, Gauss Seidel, Relaxation methods). . i 7 i
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PART-B. Operatwns Research

7 ¥ | I\V’ai—:‘
L- | | Lectures
{ \Y Il’ntmductmm Linear programming problems, statement and formation of general linear programming problems, graphical '. 8 |
| | I methoed, slack and surplus variables, standard and matrix forms of linear programming problem, basic feasible solution. ! {
_-—\_/'i—«rcmonvex sets, Exmm;c;‘;m of lim;nz,gj;sic solug;l:S;n;e»x_ m;.t_ho;,in;u;dgtio.n to aniﬁcia—l;ariable;,ﬁ >| T ‘
! | two phase method Big-M method and their comparison. |
i
2 F.V-HA Resolunon of degeneracy, duality in linear progx:aﬁmmmg-;;b;ms, prxma]—c;l; rel?l?xfsﬁxps revzsed;@;; r;e{h;)T - ]
tsensmvuy analysis. }
—;III iTrzmsportation problems, assignment problems. - ; 7 \
-?ﬁggested Readings(Part-A Numerical Analysis):
'1. Numerical Methods for Engineering and scientific computation by M. K. Jain, S.R.K. Iyengar & R K. Jain. .
'2. Introductory methods of Numerical Analysis by S. S. Sastry ‘
| 3. Suggested digital plateform:NPTEL/SWAYAM/MOOCs
14, Course Books published in Hindi may be prescribed by the Universities.
Suggested Readings(Part-B Operation Research): '
1. Taha, Hamdy H, "Opearations Research- An Introduction *, Pearson Education, i
I 2.Kanti Swarup , P. K. Gupta, Man Mohan Operations research, Sultan Chand & Sons ]
: 3.Hillier Frederick S and Lieberman Gerald J., “Operations Research”, McGraw Hitl Publication, :
| 4.Winston Wayne L., “Operations Research: Applications and Algorithms”, Cengage Learning, 4% Edition. l
1 5.Hira D.S. and Gupta Prem Kumar, “Problems in Operations Research: Principtes and Solutions”, S Chand & Co Ltd.
' 6. Kalavathy S., “Operations Research”, 8 Chand.
7. Suggested digital plateform:NPTEL/SWAYAM/MOQCs.
ILS. Course Books published in Hindi may be prescribed by the Universities. -
This course can be opted as an clective by lhe students of following subjects: Engg. and Tech. (UG), Economics(UG/PG’), B.Sc.(C.8.)
! 7 Suggcsred Contmuous Evaluatmn Methods: Max. Marks: 25 o
i i o 7 Assessment Type - - —‘BE[ Kdar—k;- —:
h
— e — |
I | Class Tests : ‘ 10
; Onlme_ﬂQﬁulzzesl Objectzve ’—F—ests - R i - - S o » - —5; ——7';
ré—l'Presentatmn - ! 5 -ﬂ
| 4 Amgnment - ———l—-—w '5 |
xCourse prerequxsx—t_es To study this cou—rs_;na‘student m;s_t Ea;c Cemf_';a_te C_ou;s;; Applied } V]at}\eﬂm;csm - #—__h#'—_}
! Suggestcd equivalent online courses: o T o |

ph
, Further Suggestions:
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B.Sc. III (SEMESTER-VI) PAPER-III Practical

Programme: Degree .' Year: Third Semester: Sixth
i Class: B.Sc. [

Subject: Mathematics

| Course Code: 0620380 \ Course Title: Practical
NEP Code: B030603P

— e =]

“Course outcomes:The main objective of the course is to equip the student to solve the transcendental and algebraic equations, system of linear equations, f
‘ordin‘ary diffcrential equations, Interpolation, Numerical Tntegration, Method of finding Eigenvalue by Power method (up to 4 x 4 ), Fitting a Polynomial |

| Function (up to third

degree).

. Credisz ; " coreCompusory
'Max, Marks: 100 ! - Min. Passing Marks: 33

T i Total No. of Lecfures—Tutérinls-Practical (in hours per week): L-T-P: 0-0-4 N

omie L Topies S B

[ No.of ‘

i Lectures .

1 Practical / Lab work to be performed in Computer Lab.
| List of the practicals to be done using computer algebra software (CAS), for example Mathemalica/MATL AB/Maple/ Maxima/

| Scilabetc
1. Solution of transcendental and algebraic equations by
| i) Bisection method
if) Newton Raphson method (Simple roof, multiple roots, complex roots).

| iif)Secant method.
iv)Regula Falsi method.
' 2. Solution of system of Jinear equations
1) LU decomposition method
ii) Gaussian e)imination method
1il)Gauss-Jacobi method
| iv)Gauss-Seidel method
| : 3. Numerical Integration
(6} Trapezoidal
[ Simpson’s /3
i (iiy  Simpson's 3/8
i (iv) Weddle, Newton Cotes Formulae

Suggested Readings:

UG MATHEMATICS
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B.Sc. MATHEMATICS) Honours with Research
Or
Graduate in Mathematics Honours with

Research
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COURSE-I : Abstract Algebra ;

! Programme/Class: B.Sc. Year: B.Sc. Mathematies Honours Semester: Seventh

Course Code: 0720321 Course Tllh." Abx(rncl Algebra Theory |
1 ] i

. Course Objectives: Acquiring ability for defining 2lgebraic structuses, constructing substructures. analyzing a given siructure, developing new structures based on given
| structures, and comparing structures,
| Course Outcomes (CO’s):
CO1.Ability to solve non-trivial problems based oo various concepis.in the course,
CO2, Determining the conneelion and transit amid formerly studied mathematics (discrete mathematics) and advanced mathematics (advanced abstract matheinatics).
CO3. Ability (o apply abstract algebra (o solve problems in other branches of mathematics and also in other disciplines.
[ CO4. Describing relationship between Abstract Algebrn and other courses in mathematics,
{ COS. Understanding the dependency of results based on earlier resulls, and thereby developing a correct approach towards life realizing the deep connection among past,
present and future. For example, in nng theory, the ring of polynomials over a field is a gift of the division algorithm.
C06A Possessing pre-requisites for pursuing research in Cryplography
A g S A R i e el 4 S

IS
|~ i Max Marks
Credits: 4 Corc Compulsory (In( + Ext.): 25+75 Total = 100 -
] I | Minimum Marks: 40 |
| l'cachmg Huurs = Luture—Tulurm] Prnctlcal (L-T-P) : 4-0 (Four Hours in a wl:ck) or 60 Lcorurc Hours in 2 Semester |
B oy o sl A . i A — e Fs i ==
Unit Coursc Toplc i l\u of Lectures Hours

Definitions cf a group, Subgroups Cyclic group, Permumuon group, Even and odd permmmmn. | |
| statement of Cayley's theorem, Lagrange’s theorem; definitions of Normal sebgroup, Quotient group,
Ring, Subrings, Inicgral domain and field, Idea) and quotient ring, automorphism, inner aniomorphism, 15
' Polynomial ring over eommutative mng, definition of division algerithm, principal ideal domain,
Reducibility fests, Irreducibility tests, Eisenstein criterton, Unjque factorization domains, Euclidean
domain |

- e S L

! Cauchy's theorem lor l‘nne abglian group, Cauchy's theorem l'or an arbitrary finite group, Fundamental [
| I ' theorem on homomorphism of groups, Second and third law of isomerphism of groups, Maximal 15 S
| subgroup, Composition series, Jordon Holder's Uicorem, Subnormal and normal series, Solvable |
grcups, Characlmshc proper(y ofsolvabie groups

' Direct producLs, E“emal Dm:ct pmductm Imcm_\[ Direct produclﬁ Sylow p-subgmups Sylow's first 15
' theorem, Double eosets, Sylow's second and third theorem, Applications of Sylow's theorem.

| abelian groups of order , nen-isomorphic abelian groups of order, Decomposable groups, Imbedding of
W 'rings, Field of quotients of an integral domain, Maximal Ideal, Field extensions, Finite field 15
extensions, Simple ficld extensions, Algebraic and transcendental cxlensions, Minimal polynomial,

! Remainder theorem. Factor theorem.

1
i ' The fundarental theorem on finite abelian groups, Invariants of finite abelian groups, Isomorphic

L

Teaching Learning Process: Class discussions/ demenstrations, Power point presentations, using e-content, Class activities/ assignments, ete

Suggested Readings:
1. David S. Dummit & Richard M. Foete: Abstract Algebra, Wiley, 3« Edition, 2011
2. Joseph A. Gallinn: Contemporary Abstract Algebra Sth Edition, 2019, .
3. Khanna, Vijay K & Bhambri, S X A Course in Abstract Algebra, S Chand and Company Ltd; Filth edition (2022)
4. Mersteln, .N.; Topics in Algebra, Wiley, 229 Edition, 2006.
5
6,
2

Bhattacharya, P.B., Nagpaul, $.K, Basic Absiract Algebra (2nd Edition) Cambridge Umversity Press, fndian Edition, 1997,
Lang, S.: Algebra, Pearson Educution 3rd Edition, 19092
J. B. Fraleigh : A first course in Abstract Algebra.

Suggested Coptinuous Evaluation Methods:
Continuous internal evaluation (hruugh mtcmd! tesls qul[zes and Prescnutlon

|

| Suggcstcd eyuivaiont online courses:
There are online courses on Lhe channels such as Swayam Prabha Moous and NPTEL F~cantmts lrom different unlme lmranes e- PG P«lhsh.\ql.& e1c

Lo ke Coiter il

i Funher Suggestions:
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COURSE-II : Real Analysis

w
|

Programame/Class: B.Sc. | Year: B.Sc. Mathematics Honours i Semester: Seventh
Course Code: 0720322 \ Course Title: Reat Analysis ] Theory |
‘ ———————J—w—_————-—-———-—‘——--—ﬂ

Course Objectives:

This course puts forward some basic concepts of real-valued {unctions and its spplications. The purpose of this course is o provide a foundation for understanding the
different branches of mathematics.

| Course outcomes:
] COL. To provide a topologicsl study of real-valued furctions.

CO2. To study the concepts of convergence and uniform convergenee of series and seguence of real-valued functions and heir applications.
‘ CO3, To provide the methods for finding the moaxima and minima values of multivariate real-valued functions with their 1pplications

1 €04, To study the concept of integrability of real-valued functions over the closed and bounded interval and their applications in differen areas, such s quantum physics.
| COS5. This course gives a wide study of different concepts of functions of serval variables, such as limit and continuity, differentiability, pastial dlf\'crennahnhly and integrability.
CO06. This cowrse lays a foundation o study other imporan( cousses such as functional analysis, complex analysis and differential equations. This course plays a central role to
] get the employment for the students because it is available with a great importance in the syllabi of different competitive exams |

| Max Marks
! Credits: 4 i Core Computsory i (Int.+ Ext.): 25+75 Total =100 |
| | | Minimum Marks: 40

Teaching Hours = Lecture-Tutorial-Practical (L-T-P) : 4-0-0 (Four Hours in a week) or 60 Lecture Hours in a Scmester

I T
[ Unit Course Topic ‘ No. of Lectures Hours

Definition and existence of Riemann-Sicltjes integral. Properties of the integral, integration and|
15
| dlﬂcremlahon The (undumcn\al theorem ol'mlculus and | nlegrauou of vector- \‘nlued furcuons |

| Sequencca and series ol I'unc!mm Pointwise and unj (orm convergence, Cauchy cmenan for u.mform
! 1 convergence, Uniform convergence and continuity, Unifarm convergence and Riemann-Stieltjes | 15
| integration, Uniform cnnvcrgerce .md differeruiation, Wﬂerstrass Appmxmmuon Themem

| m Power series, Algebra of power series. Uniqueness thorem for power series. A’oe! s nnd Taubcr s ' 15
| theorems,
‘— v Functions of several variables, Linear transformation. Derivatives in an open subset of R, Chain rule, | 15 |
| 1 Partial de.rivali\es, Interchange of the order of differentiation. | !
} Tuuhlng Learnlng Procus. Class dtscusslons/ d ations, Power point ¢ ion: usmg e- conlenl Class acuv;ue& 1ss|gm-nems ele '
| Sugges(ed Readings: |
l 1. Apostol, T. M.: Mathematical Analysis, Narosa Publishing. New Dethi. 1985

2. Brown. W.,, Churchill R.V., Pourier Sertes und Boundary Value Problems, & 3rd Edition, 2015, McGraw Hill Education, New Delhi
‘ 3, Royden, H, L.: Real Analysis, (4th Edition), Macmillan Publishing Co. Inc. New York, 1993,

4 Rudin, W.: Principles of Mathematical Analysis, (3rd edition) McGraw-Hill, Kogaku Sha, 1903, Iternational student.edition.

[

Whln, Ja Real Amlym An Inlroducuuu Addlson—\\’e:ley Pubhshn—\g (‘o Inc., 1968

Suggested Connnuous Evaluation Mcl]mds.
Continuous internal evaluation Lhmugh mlema] lcsts quizzes and Presentation,

Suggested equivalent ooline courses:
There are on}me courses on the channels such as Suayam Pmbhn Muccs and NPTEL. E-contents from different online hbr.mes e-PG Palhshaala ete

|
L. . SRS il > oo
|

Funi-er SUBBESHONS!. ..evviv e i it v ren e
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! COURSE-I]I : Advanced Difl’erenﬁal Equation

-
l Programme/Class: B.Sc. : Year: B.Sc. Mathematics Honours Semester: Seventh
I Course Codc: 0720323 | Course Title: Advanced DiffcrenlmlEquaﬁon i Theory

: Courxe Objectives:
1. Toexplore the basic ideas of Differential Equations combined with some real-life problems
Differential equations are very important in the mathematical modeiing of physical systems.
Many fundamentzl Jaws of physics and chemistry can be formulated as differential equations.
In biotogy and economics, differential equations are used to mede] the hehavior of complex systems
Ordinary Differentia) Equations are used (o calculate the movement or (low of electricity, motion of an object 1 and fro like a penduitum, to explan thermodynamics
concepts.
' Course outcomes:
+ CO1. The use of the differential equation theory is (o solve various types of Mathematical modeling problems.
CO2. The use of the diflereniial equation theory is to solve many problems preseniéd in different sciences such as Biology, Cherical sciences and Physies.
! CO3. The use of (his theory is to Solve many real-life based problems such as popultalion problem, control problems and networking scuurily problems etc.
| CO4. This theory can solve many engineering problems such as the exact trajectory path ofa rocket or a missile,

vos v

CO5. Students wxllbe able to fcrmuluu and solve dlffcrenuai quations arjsing from ch; s in physical world.
| Mnx Mnrks
! Credits: 4 [ Core Compulsory {lot. + Ext.): 25+75 Total = 100
Minimam Marks: 40
“- Tulch]ng Hnurs = Lccrurn-'nnorml Pracncal (LT P) 4~IJ (Four Hours ing wcek) or 60 Luturc Hours ln aSemester
1 Unit Cnursc Topw | No. uf Lectures Hnurs
| i Ordmary Difierential Equations (ODEs), Genem theory uf‘ 2 and non-homog linear
I ODEs, System of (rst order ODEs, The method of variation of parameters, Wronskian, Sterm- 15

. houwlle boundary value pmbi:m Plcard 's method of successive appmxnmatlcn‘ P!:nrd s Theorem.

Ordlnury points, Singularities, Reg\nlar und Irregular singular points, Series sulumns about ordinary 15
1 pomls Fmbemus senes solution Green funcllan

Origin of first order anui Differential Equallons (PDE&), Lagmnge metfiod for solv\ng first order |

' PDEs, Integral surfaces passing through a given curve, Surface orthogonal to a given system ol \
$ 2% lsurface_. Nou-linear PDEs of the first order, Charpit’'s method for first order PDEs, Jacobi Mathod, | 15

Cauchy problem for first order PDEs, Origin of second order partial differential equation ind their l

| clnssnf'cenon llren! PDEs with constant and vana‘ble caeme\ems f

g

i

(;erenl solullon of thher order PDEs wuh constant ccel'ﬁclem, D:(’['uslon, Wave and Laplace |
v | equations by the method of separation of varjables, Reduction of second order partial differential | 1§
| i ion into its canonical form, Nor-li partial differential counimns of second order. 1

signments, ete

Teaching Learmug Process: Class discussions/ demonstrations, Power point pxesem itions, using e-content, Ll;ma activ

Suggested Readings:

1, Coddington, Earl A, & Levinson, Norman: Theory of Ordinary Differential equations, Tata McGraw-Hill Publication.

2. Rai,B.,, Chaudhary,D.P. and Freedman, H.I: ACourse in Ordinary Differential Equalions, Narosa Publishing House, New Delhi 2013,

3. Simmons, G.F.: Differential Equations with Applications and Historical Notes, Second Edition, Tata Mecgraw-Hill Publishing Company Lid. New Delhi (2017).
4. Sneddon, lan: Elements of Partial Differential Equation, McGraw-Hill Book Company.

§. Wirkus Stephen A, & Swift , Randall J.: A Course in Ordinary Differential Equations 1st Edition, CRC Press, Taylor & Francis Group, 2015.

6. Ross. 8. La Dlﬂ'eranml Equations, 3@ Edmon. Wiley. (1980)

| Su"gesud Continuous Evaluation Methods:
Continuous mtcma| evaluation lhruugh mlemal Icsls, qmues ard Presentation.

Suggested equwulcnt anline courses:
L There are onllne ccurses on the channels such as Swayam Prabha, Moocs and NPTEL., E ccnlems {mm difTercm onhm hbrm:s‘ ¢-PG Pathishaala ete

. Further Suggnsrlom,..

pmr™
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[ COURSE-V : Metric Space

T
Programme/Class: B.Sc. Year: B.Sc. Mathematics Hor:ours Semester: Seventh
Course Code: 0720324 \ Course Title: Metric Space Theory

'fCou rse Objectives:

The beauty of the subject is to gain proficiency in deating with abstract corcepts, with emphasis on clear explanations of such concepts lo others; lo ingeduce the

‘ theory of metric ard dpologicat spaces; to show how the (heory and concepts grow naturally rom idea of distance; 1o be able 10 give éxamples which show that |
| metric spacey are more general than Euclidean spaces; to be able to work with continuous {unctions, and 16 recognize whether spaces ate connected, compacl or
| complete, Metrc spaces are vita] prerequisites for many mathematics courses including Analysis, Topology. Measure Theory, Complex Analysis etc.

Course putcomes:

COT: To show how the theory and concepts grow naturally from idea of distanee

CO2: Differentiate between funciions that define 3 metric on a Set and those that do not. |
CO3: Use the Banach fixed point theorem 10 demonsirate the existence and uniqueness of solutions.o difTerentiat equations ‘
CO4: Apply the theory in the course to-solve a varicty of problems at an appropriate leve! of difficuity

COS5: Metric spaces are vita] prerequisites for many mathematics courses including Analysis, Topology, Measure Theory, Complex Analysis etc. |
CO6: Understand sequentially compact spaces, Countable compaciness, BWP and compictness and explain the relation between the three types of compaetness in ‘
| metric spaces.

Max Marks
(Int. + Ext.): 25475 Total = 100

Credits: 4 Core Compulsory
i Minimum Marks: 40

Tenchlng Huurs Lecww— utornl Pracncnl (L-T P): 4—-0 ('Four Hours kn a week) or (\0 LI.‘C(IJI‘L lluurs Ina btmwler

Unit (.our.u- Topic No. of L(clun\s Hom s

| Melnc .Spar:e Memc on a set, pseudo-metrics 1nd metrics D;smncc be(ween two sel.s Equlvalenl
metrics. Limit points and closure: closed sets, Derived set of a set. Adherent points and closure of a
set, Dense subsets, Interior of a set and its properties, Subspaces, Product spaces, Structure of Open
balls in a product space. Closures and interiors in aproduct space, Fume product M’mcmc spaces. ‘

15

l Convergent sequences. Cauchy sequences. Characterization of adh:renl points nrd limit points in

terms of convergent sequences. Convergence in products. Convergence in Euclidean spaces. Cluster |

{4 points of a sequence. Subsequences. Cluster points and convergent subsequences. Algebra of | 15
! convergent real sequences. Spaces of sequences. \

! maps. Algebra of real valued continuous functions in a meiric space. Homeomorphisms.
, Isometries. Retation between isometries a2nd Homeomorphism. Uniform continuity. i
| nr | Complete metric spaces. Completeness and Continuous mappings. Completeress and subspaces, 15
Cantor's Intersectjon Theorem. Contraction Mapping Principle, Connectedness: Connected metric
! | spaces. Connected sets. Characterization of connected sibsets of the real line. Properties of
| Connectedness

- .

| Continuity at a point. Continuity over a space, Continuity of composite, graph and projection '
|

|

|

! =
| ! Compact spaces and Compact subsets. Compact subsels of the real line. Sequential compaetness

' cand its characterization. Countable compaciness, Bolzano-Weierstrass property. Sequential |
| characterization of BWP. Equivalence of BWP and sequential compactness. Covering

| v characterization of the BWP. Bolzano-Weierstrass Property and Total boundedness. | 15 ‘
: 1
|

BolzanoWeierstrass Properly and compactness. Lebesgue covering lemma. Compacluess and
completeness, Compactness and uniform continuity. Boundeduess of continuous real-valued }
| ﬁmmons on campar{ metric spaces

Teaching Leﬂrmng Process: Class d1s::ussmns/ demonstrations, Power pmm presentations, using e-conlent, Clasq acuvuus;’ .m:gnmem_\ ete

i Suggested Readings:

I Copson, E.T: Metric Spaces, Cambridge tracts, 2010.

| Dicudenne-,J.: Foundation of Modern Analysis, Academic Press, New York, 1960.

’ 3 Kasrlel \R, H.: Metric Spaces, Dover Publications, New York, 2005, |
|

1

LN N

Kumaresan S. Topology of Metric Spaces, 2+ Edition, Narosa (2011). |

Suggested Conﬂnuous Evaluation Methods: Conllnucu: infernal evaluatiorn lhrough internal test:. qlll/ACS .\rd Presentation. \
el e Lot i ]
i

| Suggested cquivalent onlmc courses: There are onlm: courses on the channels such as Swayam Praur\d\ Moocs and NPTEL ’l:-cnnlcnb from dn‘ferem on.lmc
\ libraries, e-PG 3 Pathshaala ete

LFu rther Suggesmm,.
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r COMPULSORY COURSE-1 : Topology

|
l Progrumme/Class: B.Sc. Year: B.Sc. Mathematics Honours ‘ Semester: Eight
| Course Code: 0820321 Course Title: Topology Theory

Course Objectives:

The beauty of the subject is to gain proficiency in dealing with abstract concepts, with emphasis on clear explanations of such concepts to othess; to introduce the theory of metric and
topological spaces; 1o show how the theory and concepls grow naturally from idea of distunce; to hc able to give examples which show that metric spaces are more general than Euclidean
spaces; 10 be able to work with continuous functions, and to recognize whether spaces are pact or plete.Metric spaces are vital prerequisites for many mathemalics courses
including Analysis, Topology, Measure Theory, Complex Analysis elc.

Course outcomes:

CO1: To show how the theory and concepls grow naturally from ides of distance

CO2: Differentiate between functions (hat define 8 metric on 1 set and those that do not.

C03: Use the Banach fixed point (heorem to demoustrate the exislence and uniqueness of solutions to differential equations

CO4: Apply the iheory 1 the course 10 solve a variely of problems at au appropriale level of difTiculty

CO5: Metric spaces are vita] prerequisites for many math ics courses including Analysis, Topology, Measure Theory, Complex Analyss ete.
CO6: Understand sequentially compact spaces, Couniable compactness, BWP and compactness and explain (he relation between the three lypes of compastness in metric spaces
Max Marks
Credits: 4

Minimum Marks: 40

Core Compulsory {Int. ¥ Ext): 25475 Total = 100 ]
i

Teaching Hours = Lectuye- Tutorlul-l’ractlcal (L-T—P) 4-0-0 (Five Hours in a wnck) or 60 Lecture Hours Ina Smester

! Unit ) | Course Tople No. of Lu:mrcs Hours

Definjtion and exampl:; of topological spnce, Uased sets, Closure, Demc subset, Nelghborhaods m(erwr exlcnur l:o..ndnry and ‘{

1 accumulation points, Derived sets, Bascs and sub-bases, Subspaces, product spaces and relative topology. 5
- — _ - I
Contitwous functions, homeomorphisms, the pasting lemma, C 1 and dis {ed sets, connected on the real line,
| 11 components, locally connected spaces. ’ 15
| ur sgparability. Separation axioms — TO, T1, T2, T3, T3%, T4, their characterizations and basic properties, Urysohn’s lemma 15

apd Teilze exiension theorem, Statement of Urysohn's metrization theorcm. |

1

Compaciness ~ Continuous functions and compact sots, basic propertics of compactness, corapactaess and finite
v intersection property, sequentially and countably compact scts, local compactness and one point compactification.

i
| Countability uxioms ~ First and second countable spaces, Lindclof’s theorems, Scparable spaccs, second countability and .
|
|
Statements of Tychonoff’s Product theorem and Stone-ccch compactification theorem, {

Teaching Learning Process: Class discussions/ demonstrations, Power point presentations, nsing e-content, Class activities/ assignments, etc

Suggested Readings:
1. Simmonos, G. F: Intreduction to Topology and Modem Analysis, Tate McGraw Hill, India, 2016
\ 2. Dicudonne ,J.: Foundation of Modemn Analysis, Academic Press, New York, 1960.
o3, Munkres. James.: Topology, 24 Edition, Pearson Educstion, 2021. {
o2, Kumazesan S. Topology of Metric Spaces, 254 Edition, Narosa (2011). \

— |
! Suggested Continuous Evaluatlon Methods: Continuous internal evaluation through internal tests, quizzes and Presentation. |

Suggested cquivaleni online conrscs: There are online courses on the channels such as Swayam Prabha, Moocs and NPTEL, E-contents from difYerent online libraries, e-PG Pathshaala etc !

|

| Further Suggestions:

— e
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COMPULSORY COURSE-II : Advanced Complex Analysis

Programme/Class: B.Sc. I Year: B.Sc. Mathemalics Honours Semester: Eight |
Coursc Code: 0820322 f Course Title: Advanced Complex Analysis ! Theory l
BRI el th ol sl e | L PSS |

' Course Objectives:

This course gins to provide an understanding of the basic facts of complex analysis, in particutar the nice properties enjoyed by the derivatives and intcgrls of functions of a complex variable, ard to |
. show how complex analysis can be used to evaluate complicated real integrals via residue colculus
! Course outcomes:

CO1. Know the fandamental concepts of complex analysis,

CO2. Prove the Cauchy-Riemann equations and apply them (o complex funclions in order 1o determine whether & given continuous function is complex differentiable. !
. COJ. Extend their knowledge to pursue research in this field
| CO4.Solve the problems using complex analysis techniques applied to different situations in engineering and other mathematical contexts,
| ! Max Marks |

Credits: 4 { Core Compulsory | (ot + Ext.): 25+75 Total = 100
| Minimum Marks: 40 !

S r : : | (o Makss
‘Teaching Hours = Lecture-Tutorial-Practical (L-T-P) : 4-0-0 (Flve Hours in a weck) or 60 Lecture Hours in a Semester

r Unit \ Course Topic No. of Lectures Hours
|

jComplex integration, Regular Are, Contour, Cauchy-Goursat theorem, Simply connected domains, Multiply conrected domains,

‘Cﬁuchy's integral formuta, An exiension of the Cauchy's integral formula, Significance of Cauchy's integral fomula, Merera’s 15
;Theorem, Cauchy’s inequality, Liouville's theorem and its applications. The fundamental theorem ol Algebra, Maximum modulus
il pnnCIp_Ie.

1

| . Properties and classifications of bilinear transformations, Bilinear transformation as conformal mappings, Riemann- Mapping
Theorem, Examples of conformal mappings, Meromorphic functions, Erntire functions, Taylor’s theorem and its applications, 15
Laurent’s Theorem and ils applications. i

Singularities, Categorization of Singularities using Laurent’s series, Isolated singularities, Residues, Cauchy's resdue theorem,
Evaluation of integrals, Many valued functions, branch points, branch cuts and branches ol many valued functions, and with special
reference 1o arg z log z and z°, The argument principle, Rouche's th Analytic (inuation, Unigq; s of direct analytic
continuation, Uniqueness ol analylic continuation along a curve, Power series method of analytic continuation.

| 15 |

v I Canonical products, Jensen's formula, Poisson-Jensen formula, Hadamard’s three circles theorem, Order of an entire function, 15

Exponent of convergence, Borel’s theorem, Hadamard's factorization Theorem.

|

Teaching Learning Process: Class discussions/ demonstrations, Power point presentations, using e-content, Class activilies! sssignments, ete !

Suggested Readings:
1. Ahlfors, L.V.: Complex Analysis, McGraw Hill Educalion; 3rd Edition, 2017.
2. Brawn, J., Churchill, R.V.: Complex Variable and Applications, McGraw-Hill Edueation; 9th Edilion, 2013.
3. Conway, J. B.: Functions of One Complex Variable, Springer-Verlag, International stwdent Edition, 2™ Edition, 1996.
1. Priestly, H. A.: Introduction to Complex Analysis, Oxford University Press, 2008.

Suggested Continuous Evaluation Methods: Continuous interpal evaluation through internal tests, quizzes and Presentation.

| Suggested cquivalent online courses: There are online courses on the channels such as Swayam Prabha, Moocs and NPTEL. E-contents from different online libraries, ¢-PG Pathshaala cic

Further Suggestlons:..
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' Compulsory Course ~ III : Number Theory

Programme/Class: B.Sc.

Year: B.Sc Matbematics Honours

Semester: Right

Theory

| Course Code: 08201323 Course Title: Number Theory

‘ Course Objectives:

. The aim of (he course is to acquaint students with alnost all basic corcepts of number theory and to demonstrate applications of number theory. It will help students to grasp rigoreus and tricky
. prools of many important results that have been used by them from quiet long tme. The students will learn the use of Chirese remainder theorem, Fermat’s Theorem, Wilson's theorem, Lagrange
| theorem, Quadralic reciproeity, etc. It will supply methods to solve linear Diophantine equations, linear congruences, system of linear congruences, quadratic congrugnces, etc Students will be able
10 detect the primality of a large integer. It will show how various number theoretic concepts and theorems are applicable in cryptography. |
+ Course outcomes:

| CO1.1dentify the challenging problems in modern mathematics and find their appropriste solutions.
C02. Formulate and prove conjectures abont numeric patterns, and produce rigorous arguments centered on the material of number theory, mast notably ir 1he use of Mathematical Induction and/or
the Well Ordering Principal in the proof of theorems.
CO3. Apply the knowledge of Number theory and Cryptography to allain a good mathematical maturity and enables to build mathematical thinking aud skul).

CO4. Design, analyse and implement the concepts of Diophantine equaltions for solving diflerent types of problems, for example, surn of two and four squires |
p O B i iz [E—

i Max Marks

Credits: 4 i Core Eleetive {Int. + Ext,); 25+75 Tota) = 100
Mlmrruxm Marks: 40
TLachmg Huuls = Lecture- Tutorial Practical (L-T-P) : 4-0-0 (Five Hours Ina “eek) or ﬁl] Lcerure Hours in a Semester |
— — - S — S i S e — > s i S = - 1
! Unit Taplcs J No. of Leetures Total 60 |
S s < Sl il I : Mol Su——
| The division .\lgcnlhm Deﬁmlwr* and 1hmry ol'lhe GCD Euclid’s Lemma, Definition and theory of the LCM, the extended |
1 Euclidean algorithm, Distribution of primes, the fundamental theorem of arithmetic, The Sieve of Eratosthenes, The Goldbich 15
conjecture, Consequences of Dirichlet theorem, Stalement of Prime Number theorem, Solutions of word problems using the
theory of linear Diophantine equation, Solution of simultaneous system of linear congruences.
Number Theoretic Functions: The number (), sum (), and product of the divisors, Multiplicative flunction, Mobius function, ( 15 |
| n | Morten’s Lemma, The Mobius inversion formula and its applications, The grealest integer function, Legendre formula ard its
application,
| The order of an integer modulo n and order of higher powers of the integer modulo n , Primitive roots for primes, Findirg a]lj
' m | primitive rools of a prime, Composne numbers having primijtive roots, The theory of md:ces Properties of index, Soluticrs of\ {5
non-linear congruences, Eulcx S crllerlon Solutions of quadmhc congruem:es with pnme modult
SRS SECLE. ad it 3 . . —
| Pseudoprlmes and ahsolute pseudoprlmes Perfect numbers, even pcrl’ecl numbers. The Fibonacci sequence and its properties, |
v i tions: repres jon of rational number as a finite simple continued fraction, Solution of linear Diophariine 15

equanon by means of simple continued fractions |

| Teaching Learning Process: Class discussiors/ demonstrations, Power point presentatiotss, Class activities/ assignments, efc.

Supgested Readings:
1. Burton, David M.: Elementary Number Theory (7th Edition), McGraw Hill Education, 2017. l
|

'2. Dudley U.: Elementary Number Theory (2nd edition) Dover Publications, 2008.
3. E. George. Andrews: Number Theory, Dover Publications, 1994.

Suggested Continuous Evaluation Metbods:
Conlinuous internat evaluation through intemal tests, quizzes and Presentatior:
Course prereguisites: To study this course, a student must have had the subject Mathematics in UG degree

Suggested equivalent onfine courses: There are orline courses or the channels such as Swayam Prabha, Moocs, and NPTEL. E-contents from diffsrent onune libmires.

FurtherSuggestions: ..
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Core-Elective (Group - 1} COURSE-I : Mechanics

‘_ Programme/Class: BSc. Yeer: B.Sc. Mathematics Honours Semester: Eight

|
|
RN

Course Code: 0820324 | Course Title: Mechunies Theary

i Course Objectives:
' Mechanijcs {s the oldest branch of the Physics discipline and is #s well important in the discipline of Mathematics. It is actually an intermediate course in classical mechanics intended for mathematics
1 majors. The core is the new formulation of mechanics and the substantial range of new techniques in the applications.
Course outcomes:
‘CO1. To distinguish between inertia frame of reference and non-inertial frame of reference.
 CO2. To frame the mdthematical constraints on the bases of physical restrictions imposed on a system, which simplifies the process of solution of a physial probicm.
. CO3. To understand the mechanics of a system of particles falling under classical mechanpics,
: CO4, To differenitate belween Newtonian, Lagrangian, Hamiltonian and Routhian approach of solving a mechanical problem.
COS, To determire the Lagrangian and Hamiltonian of mechanical systems and use these functions 1o obtdin the solutions of cven complicated mechanical systems with case.
CO6. To identify the conserved quantilies, if any, associated with the mechanical system.
' CO7. To apply fundamental conservation principles lo analyze mechanical systems.
CO8. To use advenced theeretical technigues to solve mechanical problems like se of car:onical transformations, variational principles, Hamillon Jacobi theory.
| CO9. To use Poisson's Brackets and Lagrange's Brackets to solve mechanical problems,

. | | Max Marks
' Credits: 4 Core Elective (Lot + Ext.): 25+75 Total = 100
Minlmum Marks: 40

Teaching Hours = Lecture-Tutorial-Practical (L-T-P) : 4-0-0 (Five Hours in a week) or 68 Lecture Hours in a Semester

I Unit Course Topic ‘ . of Lectures Hours

o = ML RS iz = - I ——— = i Dont e g = — e
| Introduction to the system of particles, Conservation laws for the system of particles, generalized coordinates, Virtual displacements,
Constraints and constrained motion, classification of constraints: Holonomic versus non-holoramic systems, Scleronomic versus theoniomic
systems, Degree of Freedom. gencralized velocity, generalized acceleration, generalized potential, generalized momentumn (Conjugate
| momentum), Generalized force Lagrangian Mechanics: Physies in configuration space with generalized coordinates as independent variable,
. Definition of the Lagrangian, Euler-Lagrange equations ol motion, Derivation of Euler-Lagrange equations from difVerentiai principle i.e., by
D' Alembert's principle, Stmple applications of the Lagrangian formulation to systems with holonomic and non-holonomic constrairs

|

Hamiltonian mechanics: physics in phase space with gencralized coordinates and momenta treated as independent variables. Definition of th ‘
Hamiltonian {through Legendre’s transformation) and its relation to the energy, Hamilton's canonical equations in cylindrical and spherical
coordinates as well, Hamilton's principle, Derivation of Hamilton'’s equations by integral principle i.e. by Hamilton's principle, Denvation of |

1" Hamilton’s principle by diflerential principle i. e. by D' Alembert’s principle, Derivation of Lagrange’s equations from integral principle i.c. 15
Hamilton’s principle, Simple applications of Hamilton's equations of motion. Cyclic (ignorable) coordinates and conservation laws Routhian
Mechanics: Definition of Routhian. Routh’s equations of motion and energy function Principle of least action. :

| | L

Variational Calculus and its Application to Mechanics: Euler’s equation for functions of onc dependent variable and its generalizationto (i) “n” {

ur , dependent variables (ii) higher order derivatives, Applications of ealculus of variation: Shortest distance between two points or a plane, 15
Minimum surface of revolution, Brachistochrone problem, Isoperimetric problem, Geodesic. Lagrange's multiplier method.
{ v Harnilton Jacobi theory: Hamillon Jacobi cquation, Jacobi theorem, Method of separation of variables in Hamilion Jacobi equation ard its J 15

' simple applications.

Teaching Learning Process: Class discussions/ demonstrations, Power point presentations, using e-content, Class activilies/ assignments, ete

Suggested Readings:
1. Gelfand LM,, Fomin 8.V. and Sllverman ,R.A.: Calculus of Variations, Prentice Hall,2000

| 2. Goldstein, H.: Classical Mechanics (3rd Edition), Pearson New International Edition, 2014, ISBN 13: 9780201657029/ ISBN 10: 0201657023

: 1. Rapa, N.C. and Joag, P.S.: Classical Mechanics, Tata MeGraw Hill, New Dethi, 1991. ISBN-10: 0074603159/ ISBN-13: 9780074603154

Suggested Continuous Evaluation Methods: Continuous internal evaluation through internal tests, guizzes and Presentation.

Suggested equivalent online conrses: There are online courses on the channels such as Swayam Prabha, Moocs and NPTEL. E-contents rom different online libraries, ¢-PG Pathshaala etc

e S T —

Further Suggestior
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Core- Elective (Group - 1) COURSE- 11 : Financial Mathematies

Programme/Class: B.Sc. Year: B.Sc. Muathematics Honours Semester: Eight
Course Code: 0820325 Course Title; Financlal Mathematics Theory
l Course Objectives: The objectives are (o introduce the basic mathematical concepts and techniques used in finance and business. This also highlights the inter-rel hips of the mat} ics and
| problem-solving skills with a particular emphasis on [inancial and business applications.
| Course outcames:
‘ COY; Demonstrate understanding of basic concepts in hnear algebra, relating to hnear equatiéns, malrices, and optimization
~ CO2. Demonstrate understanding of concepis relating to functions and annuities.
, C03. Employ methods related {o these concepis in a variely of (inancial applications
: CO4. Apply logical thinking to problem solving in context.
COS. Use appropriate technology 10 nid problem solving.
CO6. Demonstrale skills in writing mathematics
! | Mnx Marks
‘ Credits: 4 \ Core Elcctive (Int.+ Ext.): 25+5 Total = 100

Minimum Marks: 40

| Teaching Hours = Lecture-Tutorlal-Practical (L-T-P) : 4-0-0 (Flvc Hours in a week) or 75 Lecture Hours in a Semester

Unit | Course Tople l No. of Lectures Hours |
= —
| I | Some Basic Defipitions and Terminolagy, Basic option theory: single and multi-period binomial pricing models, Cox-Ross-Rubinsiein (CCR) 15 |
model, Black Scholes fnrmula for potion p'mng ag a Ixmu of CCR model. |
(| Brownian Ad Geomelric Brow‘nlan Motion, Thcury of Mmmgales. Stochastic (.alcu]us Sluch.l.suc dlﬂ'ercmml Equnuens | 15 |
I ! 110" formula to solve SDE”s, FeymannKac 1hcortm. Application of stachastic calculus in eption pricing, Black Scheles partial differential equations 15 !
| and Black Schotes formula. | B
v [ Mean Variance portfolio theory: Markowitz model for Portfolio optimization and Capital Asset Prieing Medet (CAPM), Interest rates and interest I 5
' rate derivatives: | |
Teaching Learning Process: Class digeussions/ demonstrations, Power paint presentations, using e-content, Class activities/ assignments, ete [
Suggested Readings:
| 1. Parikh, J.C., Stochastic Process and Financial Markets, Alpha Science International, 2003,
1. Roman,S. An Introduction the Mathematics of Finarce, Springer, 1st Edition, 2000 |
L 1. Ross,S. An Introduction to Mathematical Finance, Cnmbrldg: Urncrmy Y press. 3rd Edmon 2011, i
r Suggcsted Continuous Evaluatlnn Methods: Continuous internal evaluation through n‘itmal tests, quizzes and Presentation.
: : Ve \
Suggested cquivalent online courses: There nre online courses on the channels such as Swayam Prabha, Moocs und NPTEL. E-contents from different online libraries, e-PG Pathshaala etc \

Funhcr Suggcstlons
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Core—EIecnve (Group-l) Course HI: FLUID DYNAMICS

Programme/Class: B.Sc. l Ycar' Bse. Mathematics Honours Semester: Eight

| Course Code: 0820326 | Course Title: FLUID DYNAMICS f Theory
. e
J Coursc Objectives: Almost everything on this planet, either is a fluid or moves within or near a flutd. Flutd Mnchnnlcs {8 an important subject that Is porticularly open ¢o cross fertillzation with other sciences and
disciplioes of engineering, The ronin objeciive of the course Is to develop fundamentn) knowledge and understanding of the mecbunies of fluid at rest and in moilon'to develop the abRity to demonstrate and
formulate pbysical problems encountered in different branches of engincering in mathematical form and arrive at useful solutions
| COL. To know, understand and apply the basic concepts of Fluid Mechanics .
| CO2. To describe the physical propertics of a fluid.
| CO3. To convert physica! laws of conservation of mass, momentum, moment of nementum and energy into mathematical equations and apply them to describe the fluid motion.
COA. To frame and describe the flow through potential function.and stream fimezdon.
i CO5. Todescribe the motion of ideal :md real ﬂuu.Ls with different techniques including complex vaniable technigue.

|
i

+ COB. To und d in rel hip in N fan fluids.
| co7.To apply Bernoulli cquations in their domain of validity for fluid flow rate measurement,
1 COB, To undesstand the singularities of the flow ficld. |

€09, To make dimensional analysis and usc it to derive the dimensionless numbers,

CO10. To link flow behavior with non-dimensional parameters
+ CO11. To apply the similitude concept and set up the relation between a mode! and a prototype.

COI12. To define, describe and apply the basic flow equations, sich as the Navies-Stukes equations to cvaluate vejoetty, pressure drop in simple geometries like taminar fows benween paralle! plates, axial and mansverse
| flows in pipes and flows in annulur region produced.

. Mazx arks
| Credits: 4 Core Elective (Int. + Exi.): 25+75 Total = (00
Minim Marks: 40

Teaching Hours = Lccture—Tutonal Pracncal (L-T-P) : 4- 0 0 (Four Hours in a week) or 60 Lecture l[ours ina Semestcr B

| Unit | Toplcs | l\o of Lectures Total 60

Introduction: {luid characterstics, continuum concept and basic properties of ﬂulds Newtonian law of viscosity, Kinematics of fluids
descriptions of fluid motion, Equivalence of Lagrangian and Eulerian methods, General motion of a fluid elemnent: Translation (Accelerstion of a fluid particle

1 in s velocity field), Rotation (angular deformation) and Deformation (volumetric or extensional strain/ shear sirain), Flow lines: Stream lines, Path lires, Streak 15
! lines, Boundary conditions and boundary surface.

T

General theory of stress in a real fluid: Normal stress, Shearing stress, Transformation of siress components from one coordinate system to another coordinate ; {

system, Symmetry of siress tensor, Plane stresses, Pru-apa] directions and Prlnl:lp'll values of stress tensor, Coustitutive equation for Newtonian (luid, |

Conservation laws by the Control Volume approach: Mass conservation equation in reciangular cariesian, cylindrical and spherical coordinate systems, |

Equivalence of the mass conservation cquations derived by Lagrangian method and Eulerian method, Equation ol conservation of mpmentum (NavierStokes | <
Equation and Euler Equation), Equation of copservation of momert of momenium, Equation of conservation of energy, Simple and direct applicaiions of |
conservation equations.

| Vorticily and circulation, Elementary properties of vortex motion, Stream function for two-dimensional incompressible Flow, Streem function and potential {
flow theory, Theorems about rotational and irrotational flows of inviscid and incompressible flows - Stokes' theorem, Kelvin's minimum energy theorem,
1 Gauss theorem, Kelvin's circulation theorem, Unigueness of imrotational flows. Bemoulli's equation for incompressible and inviscid flows: Integration of
ur Euler’s equalion along a streamline for steady and unsteady flows, Applications of Bernoulli's equation for irrotational flows: Flow through an erifice, Motion 15
of a je1 through atmasphere, Pitot lube, Verturi meter.

} Two-di ional irrotational i pressible flows (Complex variable technique and jts applications): Blasins theorem, Milne’s circle theorem, Flow ﬁcld,l
| singularities: Sources, Sinks and Doublets in two dimensions, Images of a source/ sink/ doublet with respect 10 a Jine and with respect 10 a circle, Simple
v applications of source, sink and doublet. Dimensional analysis, Buckingham Pi theorem, Dimensionless numbers (Reynold number, Pressure coefficient, Mach 15

number, Froude number, Prandt! number) and their properties Basic intraduction to Newlonian and non-Newlonian rheologies

| Teaching Learping Process: Class discusstons/ demonstradons, Power point presentations, Class activities/ nssigmnents, etc.

| Suggested Readings:
1. Betchelor, G.K. An | ion of Fluid Mechanics, Oxford University Books, NewDelhi, 2000,

|2 Chyrlton, E: Text Book of Fluid Dynamics, CBS Publishers, Delhi, 2004,

| 3. Raisinghania, M.D.: Fluid Dynamics: Complete Hydmdynam:cs and Bonndary Layer Theory, S. Chand Publishing, 2014, ISBN 13: 9788121908696.
4. Rathy, R.K.: An Introduction of Fiuid Dynamics, Oxferd and IBH Publishing Co.,New Delhi, 1903,

} 5. Yuun, S.W.: Foundations of Fluid Mechanics, Prentice Hall of India Private Ll'nued l\u\ Delhi, 1988., ISBN10: 0133298132/ ISBN-13: 978-0133298130.

Suggexred Contlouous Evsluation Methods: Contil Internal cvalunlmn thrnugh internal tests qulzns and Prcseumion “

Coursc prerequisites: To scudy this course, a student must have had the subject Mathematics in UG Lwel

Suggesled equivalent antine courses: There are online courses on the ch: 1s such as Swayem, S Prabha, and NPTEL. e-contents from different online hbrajres.

L Furtlier Suggestions:.
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‘ Core-Elective (Group-2) COURSE- : Linear Algebra |

T
Programme/Class: B.Sc. | Year; B.Sc. Mathematics Honours ‘I Semester: Eight ‘
SN ol = 5 i | . | |
Course Code: 0820327 | Course Title: Linear Algebra | Theory |
ST Y S R USROS S .iw:. AL S e s o3| I .-

‘ Course Objectives:
The main objective of this course is 1o develop, theoreticai as well as working knowledge of the centrat ideas of linear algebra like linear transformations, inverlibility & isomorphisms, eigenvalues,
| ) P, £ g 2
| eigenvectors, the minimal polynomial, diagonalization, cenonical forms, rational & Jordan forms, bilinear forms and their classification. o
Linear algebra finds applications in coding theory, cryptography, graph theory and linear programming. Thus. afier compleling this course, studenis shai bear a good insight (o study general plus
' advanced contents of the above-mentioned courses.
Course outcomes:
1 CO1: Understand the notion of a vector space and linear ransformation and 10 determine basis and dimension of a veetor space. ‘
| €O2: Understand the concept of lincar trapsformation and to 1gd the range space and null space of the linear (ransformation
! CO3: Find the eigenvectors and Eigen-value of a square matrix and 1o know diagonzlization of the matrix
1 CO4: Ccmpule an orthogonal basis using the Gmm—Schmldl Progess. '

o r | 7 R{ax Marks
Credits: 4 | Corc Elective ! (Int. + Ext.): 25+75 Total = 100
Minintum Merks: 40

| Teaching Hours = Lecture-Tutarial-Practicat (L-T-P) : 4~0-0 (Five Hours in 2 week) or 60 Lecture Hours in a Semester
I

Unit Course Topic : No. of Lectures Hours
1 WLlnear transformations, I[somorphism, Range and null space, The mairix repr ion of linear transformatiors, Linear 15 ‘
['uncll:mal Double dual. |
{ Invertibility and Isomamhlams The change of coordm-ue malnx Thc transpose of a Imear transformations, Polynomial ' !
1 ideals, Prime factorization of polyeomials, Inner product spaces, Bessel s inequality, Normal and unitary gperators. 15 |
e I e S oot = S 5 = —
1Elementary canonical l'orms Anmhnlatmg polynanuals The minimal poly ial, Invariant subsp Slmuhaneou:. ]
ur { triangulation, Simultaneous diagenalization, Direct-sum decomposilion, Invariant direct sums, Tbe primary decomposition 15
‘ theorem. l
S s e sres ot |
| Orthogonal and unitary reduction of quadratic und Hermitian form, Positive definite quadratic forms, simultaneous reduction, !
v Bilinear forms, Matrix of 2 bilinear form, Classification of bilinear forms: Symmetric bilinear forms, Sk:w»&ymmr:lnc bilinear | 15
' forms

Tcadung Learning Process: Class dlscusswns/ demonstrations, Powrr poinl presentations, using e-content, Cless aclivilies/ assignments, etc

Suggested Readings:
sk David C.Lay, Steven R.Lay and Judi J.MC Donald; Lincar Algebra and lts Applications, 6 Edition Pearson Education 2021.
2. Hoffraan, K., Kunze R.; Linear Algebra (204 Edition), Pearson, 2017.
3. Friedberg, S.H,, Insel, A, Spence, L.E.: Linear Algebra Pearson Education India,2015.
4. Strang, G. Linear Algebra and its Applicatiors (4 Edition), Cengage Learning, 2007.
5. Sﬂhal. V and Bxsl V. Lme:uAlgebra (24 !:dmcn) Nnrosa I’uhhshmn Home 2013.

Suggcstcd Cnuuuunus Lvalufmun Metbods: Continuous mlen\al L-valuauon through intemal 1csts quwzes and Prescnmlluu

Suggested equivalent online courscs: There aré online courses on the channels such as Swayam Prabha, Moocs and NPTEL. E-contents from diffcrent enline libraries, ¢-PG Pathshaala eflc \

I Further Suggestions:
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! Core-E)ecnve (Group-2) COURSE-II : Data Structure wrth C

|
|

T .,_;
Programme/Clags: B.Sc i Year: B.Se. Mathematics Honours Semester: Eight |
| Course Code: 0820328 : Course Title: Data Structure with C Theory l
‘ Course Objectives: 0 |
L. A prominent purpose of p ing is 1o provide instructions o a computer
| 2. Programming languages dl!Tcr from mml other forms o) human expression in that they require a grealer degree of precision and completeness.
3. Studying programming languages will help the students be better at theiy job, make more money, and be a happier, moge fulfilied and rore informed citrzen, because they will Jeam (o '
| Choose the most appropriate language for a given task,
1. A programmiug language lets the studcots to express computational tasks in certan ways. ]
l 2. Programming languages often produce more efficient code through optimization for specific system architecture. }
| Course outcomes: |
CO1. Understanding a functional hieraschical code orgenization.
l CO2. Ability to define and manage data structures based on problem subject domain. \
. CO3. Ability to work with textual information, characters and strings.
| CO4. Studenss will be able to develop logics which will help them to create programs, applications in C.
, COS5. Also, by learning the basic programming constructs they can 2asily switch ever (o any other Language in future. !
1 | T Max Marks

i Credits: 4 l Core Elective (lat, + Exv): 25+75 Tolal = 100
i Mininivm Marks: 40

TcacMng Hnurs = LLcIure-Tumrinl Practical (L-T-P) : 4-0 ] (Fwe Haurs ina wclk) or 60 Lccrure Hours ina Semcster |

Unit L Cburs: Topm No. of Lectures Hours

i ln(roductmn 0 the C Language Wrmm,a Simple L Program: Lcarmrg the formatefaC progmm declaring variables, designing
1 | program flow and control, defining and using funclions, data types, using standard terminal VO functions. 15
| 1

L

| Conditiongl Program Exccution: Applying if and switch statements, nesting if .and else, restrictions on'switch values, use of

‘ break and default with switch. Program Loops and Iferatiom: Uses of while, do and for foops, multiple loop varables, assignment

I - aperators, using break and continue. Modular Programming, Arrays and Sn'ucmms | 15
Passing arguments by value, scope rules and global variables, separate compilation, and linkage, building your own modules. Array |

1 nmalwn and represemalmn mmupulazmg array elcmems \xsmgmuludlmensmna} arrays, amays ofunknown or varymg sma.

Slrucmres‘ Purpose and usage of structures, declnrlm, struclures, assigning of structures. Umuns (cmponenm in oxcrtappmg l
|
|
1

1 memory, declaring and using unions. .h vs. private .c files, hiding private variables and functions 15

| Functions and Pointers to Objeets: Simple C-functions, passing arguments to functions, relun‘ung values from runcnons.

| reference arguments, overloaded functions, recursion, inline functions, défault arguments, scope and storage class, returning by 15 |
' reference, Constant function arguments, runtime memory management. Pointer and address arithmetic, pointer operatjons and |
| declarations, usmg pointers as funcuonnrgumcms Dyna.m(c memory allocation

v

Teaching Learning. ProcuS' Class discussions/ deol!SLI':\{lon& inrr point presentations, using e-content, Class activities/ assignments, etc

. LBudd,”Object Oriented Programming **, Addison Wesley
2.Balaguruswamy, “Programming in ANSI C,” TMH

I 3.Kaoctkar,Yashwant “Pointers in C”
4.Schield, Herbert, Complete Reference in C,” TMH I
L Yashwnnt Kanetkar,” Letus C*, BPB

i
+ Suggested Readings: .

Suggcsud Cnmmunus Evaluahon Methods: Conlmuous m;enml evnlu“um !hrough 1n!ema! 1e51.:. quxnes and Presenmlmn |

Suggcsted equnalenr online courses: Thcrc are onlme courses on (he channels such as Sv»aynm Pnbhu Moocs and M‘TEL E-contents from dlfTerem onlmc hhrancs E-PG [’Alhshaald etc

Further Suggestions: ...
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Core-Elective (Group-2) Course — 1l: Dynamical System

| S e T A e » e T

Programmue/Class: B.Sc. i Year: B.Sc. Mathematies Honours { Semester: Eight
Course Code: 0820329 - Course Tifle: Dynamical Systems | Theory

! Course Objectives: Dynamical systems describe the time evolution of systems whxch arise from mathemalics, physics, biology, chemlslry and other areas. As nmlhenmucal objecis they are ordinary |
, differential equations, usually nonlinear and therefore not usually able to explicitly solved. The aim of the course is to see how to make a qualitative analysis of a dypanncal systeny using many | |
difierent analytic {ools. Course outcames: l
' COT. To introduce students (o the basic mathematical skills for the qualitative solving ol low dimensional systems of ordinary differential equatioss in conti time, including di jonless |
" forms. phase portraits, and bifurcations. ]
C02. To provide a brief introduction to the way ordinary differential equation can be used to model, explain and interpret real world problems.
CO3. To provide a briel introduction to the theory and concepts that under pin the field of dynamical syslems }

—_—m——m— - - e

| 1 Max Marks

! Credits: 4 | Core Elective | (tat. + Ext): 25+75 Total = 100 1

| | | Minimum Marks: 40 i
Terching Hours = Lecture-Tutorial-Practical (L-T-P) : 4-0-0 (Four Hours in & week) or 60 Lecture Hours in a Scmester J

| Unil { Course Topic { No. of Lectures Hours |

I | The orbit of a map, fixed point, equllzbrmm pmn\ periodic point, circular map, cor.figuration space and phase 5pac: | 15 |

R B I AT —— B e e M S 3 — | —— P S =

1 Onyn of bifurcation. S(’lb]h(v of e ﬁxed poml, equilibrium point. Concept of limit cycle and torus. Hyperbohcny Quadmuc map. 15
| Feigenbaum's univers: 1

Turning point, trans critical, pitch work. Hop['bifurcation. Period doubling phenomena. Nonlinear OsclllnlorsCanservmne system.
l Hamiltonian system. Various Type of ascillators in nonlinear system. Selutions of nonlinear differential equations.

v ! Phenomcm cl’kmmg slabmty Qua51perlodlc motion. Iopo[auwal study of nonlmcn dlﬂercnual cquduons Polntare map.

|
Tenchlng Learning Process: Class discussions/ demonstrations, Power point presentations, using e-content, Class activities/ asslgﬂmenlﬁ ele |

! Suggcsu.d Readings: ) |

v |, Amold. V.1, Dynamical Systemns, Cambridge University Press, 1993 l

. 2. Arrowosmith. D.K., Introduction (o Dynamical Systems, Cambridge University Press, 1990.

.3 Robeﬂ.L de.‘mcy An Inrroducnon o Chﬂct:c Dyna»mcal Systems, Add\san-Wesley l’ubilshmg Co !989

' Sugguud Con(muous Evaluanon Mclhods. Conun\mus inlemal evaluation lhmugh mlcmal tests, quizzes and Pr‘csenmuon
Course prcrcqulsms To smdy dns course. a sludem must have had the Subjac( ’Vimhernancs i uG dcgree ]

il = ——— oo v e

, Suggcs(cd Lq'mvnlcnt online courses: Therv are online courses on the cnannels such as Sway'xm Pmbhaf Moocs and '\IPTEL E-contents from dlﬂ'ercnl online hbmlrcs

Further Suggestions:.
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