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1 I Core 1 B030101T

B030102P

Differential Calculus & Integral Calculus

Practical

Theory

Practical

4

2

(46)
Certificate in MATHS

Core  2 F010102M C2  Theory Of Equations Theory 6
Core  3 F010103M C3 Multivariate Calculus Theory 6
GE 1 F010104M GE 1 Theory 4
SEC 1 F010105M Logic and Sets Theory 3
AECC 1 F010106M Food Nutrition And Hygiene Theory 0

Total Credit 25
1 II Core  4 B030201T Matrices and Differential Equations &

Geometry
Theory 6

Core  5 F010202M C5  Real Analysis Theory 6
Core  6 F010203M C6 Probability and statistics Theory 6
GE 2 F010204M GE 2 Theory 4
SEC 2 F010205M Computer Graphics Theory 3
AECC 2 F010206M First Aid and Health Theory 0

Total Credit 25  
2 III Core 7 B030301T Algebra & Mathematical Methods Theory 6

(92)
Diploma in MATHS

Core  8 F020302M C8 Bio Mathematics Theory 6
Core  9 F020303M C9 Integral Transforms and Fourier

Analysis
Theory 6

GE 3 F020304M GE 3 Theory 4
SEC 3 F020305M Operating System Theory 3
AECC 3 F020306M Human Values and Environmental Studies Theory 0

Total Credit 25
2 IV Core  10 B030401T Differential Equation & Mechanic Theory 6

Core 11 F020402M C11Riemann Integration and Series of
Functions

Theory 6

Core  12 F020403M C12 Linear Programming Problem Theory 6
GE 4 F020404M GE 4 Theory 4

SEC 4 F020405M Graph Theory Theory 3
AECC 4 F020406M Physical Education and Yoga Theory 0

Total Credit 25  
3 V Core  13 B030501T Group and Ring Theory & Linear

Algebra
Theory 5

(132/140)
Bachelor of SCIENCE (Pass/

Hons.) IN MATHS

Core 14 B030502T Any One of The Following

(i) Number Theory & Game Theory

(ii) Graph Theory & Discrete Mathematics

(iii) Differential Geometry & Tensor

Analysis

Theory 5

Core 15 F030503M C15 Industrial Mathematics Theory 5
Core 16 F030504M C16 Mathematical finance Theory 5
AECC 5 F030505M Analytic Ability and Digital Awareness Theory 0
Industrial
Training

F030506M Industrial Training Project 0

Total Credit 20
3 VI Core  17 B030601T Metric space & complex analysis Theory 5

Core 18 B030602T
B030603P

Numerical Analysis And Operation
Research

Theory
Practical

4
1



Practical
Core 19 F030603M C19 Advanced Mechanics Theory 5
Core  20 F030604M C20 Combinatorial Mathematics Theory 5
AECC 6 F030605M Communication Skill and Personality

Development
Theory 0

Research
Project

F030606M Research Project Project 0

Learning Outcomes-based Curriculum Framework in B.Sc. (Pass/Hons) Mathematics

1. Introduction

One of the significant reforms in the undergraduate education is to introduce the Learning Outcomes-based Curriculum Framework (LOCF) which makes it
student-centric, interactive and outcome-oriented with well-defined aims, objectives and goals to achieve. Outcome based learning is the principal end of
pedagogical transactions in higher education in today’s world in the light of exponential changes brought about in science and technology, especially in
mathematics, and the prevalent utilitarian world view of the society. The learning outcomes are attained by students through skills acquired during a
programme of study. Programme learning outcomes will include subject-specific skills and generic skills, including transferable global skills and
competencies. It would also focus on knowledge and skills that prepare students for further study, employment, and citizenship. They help ensure
comparability of learning levels and academic standards across colleges/universities and provide a broad picture of the level of competence of graduates.

The quality education in a subject like mathematics is a very challenging task for Higher Education System in India. UGC has already taken an appropriate
measure to define the minimum levels of learning for mathematics courses for undergraduate and post-graduate levels. The quality of higher education in
mathematics should be improved in such a manner that young minds are able to compete in this field globally in terms of their knowledge and skills in the
globalised era of the date. Also, there is an urgent need of sustained initiatives to be taken by colleges/institutes/universities for outcome-oriented higher
education in mathematics so that graduates are enabled to enhance the chances of employability. Presently, the goal of higher education in mathematics may
be achieved using the following measures:

i. Curriculum reform based on a learning outcomes-based curriculum framework (LOCF).

ii. Improving learning environment and academic resources.  iii. Elevating the quality of teaching and research.

iv. Involving students in discussions, problem-solving and out of box thinking about various ideas of mathematics and their applicability, which may lead

to empowerment and enhancement of the social welfare at large.

v. Encouraging the learners to make use of LOCF to learn mathematics through distance education.

vi. Motivating the learners to understand various concepts of mathematics keeping in view the regional context.

vii. .Enablinglearners to create research atmosphere in mathematical sciences in their colleges/institutes/universities.

viii.Teach courses of mathematics based on Choice Based Credit System (CBCS).

One of the benchmarks to measure the progress of a country is the advancement of the knowledge of mathematics. Hence, innovative measures should be
taken to improve the quality of mathematical knowledge in our society. This is also because mathematics has wide ranging applications in engineering,
technology and a host of other areas.

2. Learning Outcomes-based approach to Curriculum Planning



The Bachelor’s Degree in B.Sc. (Pass/Hons) Mathematics, is awarded to the students on the basis of knowledge, understanding, skills, attitudes, values and
academic achievements sought to be acquired by learners at the end of these programmes. Hence, the learning outcomes of mathematics for these courses
are aimed at facilitating the learners to acquire these attributes, keeping in view of their preferences and aspirations for knowledge of mathematics.

The LOCF in mathematics has designed courses in the light of graduate attributes, description of qualifications, courses and programme learning outcomes.
The committee has tried to frame the syllabi of mathematics in such a way that it may lead to all round development and delivery of complete curriculum
planning. Hence, it provides specific guidelines to the learners to acquire sufficient knowledge during this programme.

The objectives of LOCF (Mathematics) is to prepare the syllabi having standard level of study. It is also aimed at prescribing standard norms for
teaching-learning process and examination pattern. Hence, the programme has been chalked out in such manner that there is scope of flexibility and innovation
in

i. modifications of prescribed syllabi.
ii. teaching-learning methodology.
iii. assessment technique of students and knowledge levels.
iv. learning outcomes of courses.
v. inclusion of new elective courses subject to availability of experts in colleges/institutes/universities across

the country.

2.1. Nature and extent of Bachelor’s Degree Programme

Mathematics is the study of quantity, structure, space and change. It has very broad scope in science, engineering and social sciences. The key areas of study in
mathematics are:

1. Calculus

2. Algebra

3. Geometry

4. Differential Equations

5. Analysis

6. Mechanics

Degree programs in mathematics cover topics which are already mentioned in details under various headings in Section 6. The depth and breadth of study
of individual topics depend on the nature and devotion of learners in specific mathematics programmes.

As a part of effort to enhance employability of mathematics graduates, the courses have been designed to include learning experiences, which offer them
opportunities in various sectors of human activities. In this context, the experience of the project work in the areas of applications of mathematics has a key
role.

2.2. Aims of Bachelor’s degree programme in Mathematics

The overall aims of B.Sc. (Pass/Hons) Mathematics are to
• create deep interest in learning mathematics.

• develop broad and balanced knowledge and understanding of definitions, concepts, principles and theorems.



• familiarize the students with suitable tools of mathematical analysis to handle issues and problems in mathematics and related sciences.

• enhance the ability of learners to apply the knowledge and skills acquired by them during the programme to solve specific theoretical and applied

problems in mathematics.

• provide students/learners sufficient knowledge and skills enabling them to undertake further studies in mathematics and its allied areas on multiple

disciplines concerned with mathematics.

• encourage the students to develop a range of generic skills helpful in employment, internships and social activities.

2.3.Key outcomes underpinning curriculum planning and development

The LOCF in Mathematics desires to propose the courses of mathematics for B.Sc. (Pass/Hons) Mathematics, based on the expected learning outcomes and
academic standards which are necessary for the graduates after completing these programmes. The committee considered and discussed the following
factors seriously:

i. Framing of syllabi

ii. Learners attributes

iii. Qualification descriptors

iv. Programme learning outcomes

v. Course learning outcomes

vi. Necessity of having elective courses

vii. Applications of mathematics

viii. Employability in banking, finance and other sectors.

3. Graduate Attributes in Mathematics

The graduate attributes in mathematics are the summation of the expected course learning outcomes mentioned in the beginning of each course. Some of them
are stated below.

3.1. Disciplinary knowledge:

Capability of demonstrating comprehensive knowledge of mathematics and understanding of one or more disciplines which form a part of an undergraduate
programme of study.

3.2. Communications skills:

i. Ability to communicate various concepts of mathematics effectively using examples and their geometrical visualizations.

ii. Ability to use mathematics as a precise language of communication in other branches of human knowledge.

iii. Ability to communicate long standing unsolved problems in mathematics.

iv. Ability to show the importance of mathematics as precursor to various scientific developments since the beginning of the civilization.

v. Ability to explain the development of mathematics in the civilizational context and its role as queen of all sciences.



3.3. Critical thinking and analytical reasoning:

i. Ability to employ critical thinking in understanding the concepts in every area of mathematics.

ii. Ability to analyze the results and apply them in various problems appearing in different branches of mathematics.

3.4. Problem solving:

i.Capability to solve problems in computer graphics using concepts of linear algebra.

ii.Capability to solve various models such as growth and decay models, radioactive decay model, drug assimilation, LCR circuits and population models
using techniques of differential  equations.

iii.Ability to solve linear system of equations, linear programming problems and network flow problems.

iv. Ability to provide new solutions using the domain knowledge of mathematics acquired during this programme.

3.5. Research-related skills:

i. Capability for inquiring about appropriate questions relating to the concepts in various fields of mathematics.

ii. To know about the advances in various branches of mathematics.

3.6. Information/digital literacy:

i. Capability to use appropriate softwares to solve system of equations and differential equations.

ii. Capability to understand and apply the programming concepts of C++ to mathematical investigations and problem solving.

3.7. Self-directed learning:

Ability to work independently and do in-depth study of various notions of mathematics.

3.8.Moral and ethical awareness/reasoning:

Ability to identify unethical behaviour such as fabrication, falsification or misrepresentation of data and adopting objective, unbiased and truthful
actions in all aspects.

3.9. Lifelong learning:

Ability to think, acquire knowledge and skills through logical reasoning and to inculcate the habit of self-learning.

4. B.Sc (Pass/Hons) in Mathematics

1. Applicability
These regulations shall apply to the4-yearsfaculty of B.Sc (Pass/Hons)  in Mathematics from the session 2022-23.

2. Minimum Eligibility for Admission
An Intermediate degree under the 10+2 system with Mathematics group from a recognized Board/Institution, with 45% marks in aggregate for General/OBC
and 40% for SC/ST candidates shall constitute the minimum requirement for admission to the faculty



5. Programme Learning Outcomes of  B.Sc. (Pass/Hons) Mathematics

1. Bachelor’s degree in mathematics is the culmination of in-depth knowledge of algebra, calculus, geometry, differential equations and several other branches

of mathematics. This also leads to study of related areas like computer science and statistics. Thus, this programme helps learners in building a solid

foundation for higher studies in mathematics.

2. The skills and knowledge gained has intrinsic beauty, which also leads to proficiency in analytical reasoning. This can be utilised in modelling and solving

real life problems.

3. Students undergoing this programme learn to logically question assertions, to recognise patterns and to distinguish between essential and irrelevant aspects

of problems. They also share ideas and insights while seeking and benefitting from knowledge and insight of others. This helps them to learn behave

responsibly in a rapidly changing interdependent society.

4. Students completing this programme will be able to present mathematics clearly and precisely, make vague ideas precise by formulating them in the

language of mathematics, describe mathematical ideas from multiple perspectives and explain fundamental concepts of mathematics to

non-mathematicians.

5. Completion of this programme will also enable the learners to join teaching profession in primary and secondary schools.

6. This programme will also help students to enhance their employability for government jobs, jobs in banking, insurance and investment sectors, data

analyst jobs and jobs in various other public and private enterprises.

C1 Differential Calculus & Integral Calculus 6 Credits (5L+1 P)
Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials



Year: First
Semester: First

Programme: Certificate

Class: B.Sc.
Subject: Mathematics

Course Code: B030101T Course Title: Differential Calculus & Integral Calculus

Course outcomes:

CO1: The programme outcome is to give foundation knowledge for the students to understand basics of mathematics including applied aspect for developing

enhanced quantitative skills and pursuing higher mathematics and research as well.

CO2: 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 as

sequence and series. They will also be able to know about convergence of sequence and series. Also, they have knowledge about curvature, envelope and

evolutes 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 skills. By applying the principles of integral he learns to

solve a variety of practical problems in science and engineering.

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

course in mathematics.
Credits: 4 Core Compulsory / Elective

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

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

Differential Calculus and Integral Calculus

Unit Topics
No. of

Lectures

I

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

(CIE).

Definition of a sequence, theorems on limits of sequences, bounded and monotonic sequences, Cauchy's convergence criterion, Cauchy

sequence, limit superior and limit inferior of a sequence, subsequence, Series of non-negative terms, convergence and divergence,

Comparison tests, Cauchy's integral test, Ratio tests, Root test, Raabe's logarithmic test, de Morgan and Bertrand's tests, alternating

series, Leibnitz's theorem, absolute and conditional convergence. Limit, continuity and differentiability of function of single variable,

Cauchy’s definition, Heine’s definition, equivalence of definition of Cauchy and Heine, Uniform continuity, Borel’s theorem,

boundedness theorem, Bolzano’s theorem, Intermediate value theorem, extreme value theorem, Darboux's intermediate value theorem

for derivatives, Chain rule, indeterminate forms.

9+7

II
Rolle’s theorem, Lagrange and Cauchy Mean value theorems, mean value theorems of higher order, Taylor's theorem with various
forms of remainders, Successive differentiation, Leibnitz theorem, Maclaurin’s and Taylor’s series, Partial differentiation, Euler’s
theorem on homogeneous function. Tangent and normals, Asymptotes, Curvature, Envelops and evolutes, Tests for concavity and
convexity, Points of inflexion, Multiple points, Parametric representation of curves and tracing of parametric curves, Tracing of curves
in Cartesian and Polar forms.

7+7



III
Definite integrals as limit of the sum, Riemann integral, Integrability of continuous and monotonic functions, Fundamental theorem of
integral calculus, Mean value theorems of integral calculus, Differentiation under the sign of Integration. Improper integrals, their
classification and convergence, Comparison test, μ-test, Abel's test, Dirichlet's test, quotient test, Beta and
Gamma functions.

9+9

IV
Rectification, Volumes and Surfaces of Solid of revolution, Pappus theorem, Multiple integrals, change of order of double integration,
Dirichlet’s theorem, Liouville’s theorem for multiple integrals. Vector Differentiation, Gradient, Divergence and Curl, Normal on a
surface, Directional Derivative, Vector Integration, Theorems of Gauss, Green, Stokes and related problems.

7+7

Suggested Readings (Differential Calculus):

1.R.G. Bartle & D.R. Sherbert, Introduction to Real Analysis, John Wiley & Sons

2.T.M. Apostal, Calculus Vol. I, John Wiley & Sons Inc.

3.S. Balachandra Rao & C. K. Shantha, Differential Calculus, New Age Publication.

4.H. Anton, I. 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

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

Suggested Readings (Integral Calculus):

1.T.M. Apostal, Calculus Vol. II, John Wiley Publication

2.Shanti Narayan & Dr. P.K. Mittal, Integral Calculus, S.Chand

3.Erwin Kreyszig, Advanced Engineering Mathematics, John Wiley & Sons.

4.Suggestive digital platforms web links: NPTEL/SWAYAM/MOOCS

5.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), Chemistry/Biochemistry/Life Sciences(UG),

Economics(UG/PG), Commerce(UG), BBA/BCA, B.Sc.(C.S.)
Suggested Continuous Evaluation Methods: Max. Marks: 25

SN Assessment Type Max. Marks

1 Class Tests 10

2 Online Quizzes/ Objective Tests 5

3 Presentation 5

4 Assignment (Introduction to Indian ancient Mathematics and Mathematicians). 5

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

Suggested equivalent online courses:

Further Suggestions:



Practical

Programme: Certificate

Class: B.Sc.
Year: First

Semester: First

Subject: Mathematics

Course Code: B030102P Course Title: Practical

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 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 plotting nth roots and Ratio test by plotting the ratio of nth and (n + 1)th term.

CO3. Student would be able to 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, Multiplication, Inverse, Transpose, Determinant, Rank, Eigenvectors,

Eigenvalues, Characteristic equation and verification of the Cayley-Hamilton theorem, Solving the systems of linear equations.
Credits: 2 Core Compulsory / Elective

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

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

Unit Topics No. of

Lectures



Practical / Lab work to be performed 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) [x] (greatest integer function)

(iii) x2n ; n ∈ N

(iv) x2n−1 ; n ∈ N

(v) 1 ;n ∈ N
X2n−1

(vi) 1 ;n ∈ N
X2n

(vii) √ax + b, |ax + b|, c ± |ax + b|

(ix) |X|, sin (1 , x sin 1 , eX, e−X for x ≠ 0.
) ( )

X X X

(x) eax+b, log(ax + b) , 1 , sin(ax + b), cos(ax + b) , |sin(ax + b)|, |cos(ax + b)|.

ax+b
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 = ex, x2 + 1 = ex, 1 − x2 = ex, x = log10(x) , cos(𝑥) = 𝑥, sin(𝑥) = 𝑥, cos(y) = cos(x) , sin(𝑦) = sin(𝑥) etc

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

(5) Tracing of conic in Cartesian coordinates.

(6) Graph of circular and hyperbolic functions.

(7) Obtaining surface of revolution of curves.

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

representation of polar form.

(9) Find numbers between two real numbers and plotting of finite and infinite subset of R.

(10) Matrix Operations: Addition, Multiplication, Inverse, Transpose, Determinant, Rank, Eigenvectors, Eigenvalues,

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

(11) Study the convergence of sequences through plotting.

(12) Verify Bolzano-Weierstrass theorem through plotting of sequences and hence identify convergent subsequences from the

plot. (13)Study the convergence/divergence of infinite series by plotting their sequences of partial sum.

(14) Cauchy’s root test by plotting n-th roots.
(15) Ratio test by plotting the ratio of n-th and (n + 1)-th term.



Suggested Readings

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

Economics(UG/PG), Commerce(UG), BBA/BCA, B.Sc.(C.S.)
Suggested Continuous Evaluation Methods: Max. Marks: 25

SN Assessment Type Max. Marks

1 Class Tests 10

2 Online Quizzes/ Objective Tests 5

3 Presentation 5

4 Assignment 5

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

Suggested equivalent online courses:

Further Suggestions:

C2 Theory of Equations 6 Credits (5L+1 P)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

UNIT-1
General properties of polynomials, Graphical representation of a polynomial, maximum and minimum values of a polynomials,  General properties of equations,
Descarte’s rule of signs positive and negative rule,Relation between the roots and the coefficients of equations.

UNIT-2
Symmetric functions, Applications of symmetric function of the roots, Transformation of equations. Solutions of reciprocal and binomial equations. Algebraic
solutions of the cubic and biquadratic. Properties of the derived functions.

UNIT-3
Symmetric functions of the roots, Newton’s theorem on the sums of powers of roots, homogeneous products, limits of the roots of equations.

UNIT-4
Separation of the roots of equations, Strums theorem, Applications of Strum’s theorem, Conditions for reality of the roots of an equation and biquadratic. Solution
of numerical equations.

Books Recommended

1.W.S. Burnside and A.W. Panton, The Theory of Equations, Dublin University Press, 1954.

2.C. C. MacDuffee, Theory of Equations, John Wiley & Sons Inc., 1954.

C3 Multivariate Calculus 5 Credits (4L+1T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Course Learning Outcomes: This course will enable the students to:

i) Learn conceptual variations while advancing from one variable to several variables in calculus.

ii) Apply multivariable calculus in optimization problems.



iii) Inter-relationship amongst the line integral, double and triple integral formulations.

iv) Applications of multivariable calculus tools in physics, economics, optimization, and understanding the architecture of curves and surfaces in plane and

space etc.

v) Realize importance of Green, Gauss and Stokes’ theorems in other branches of mathematics.

Use of Scientific calculator is allowed.

UNIT-1

Functions of several variables, limit and continuity of functions of two variables Partial differentiation, total differentiability and differentiability, sufficient
condition for differentiability. Chain rule for one and two independent parameters,

UNIT-2

Directional derivatives, the gradient, maximal and normal property of the gradient, tangent planes, Extrema of functions of two variables, method of Lagrange
multipliers, constrained optimization problems, Definition of vector field, divergence and curl

UNIT-3

Double integration over rectangular region, double integration over non-rectangular region, Double integrals in polar co-ordinates, Triple integrals, Triple integral
over a parallelepiped and solid regions. Volume by triple integrals, cylindrical and spherical co-ordinates.

UNIT-4

Change of variables in double integrals and triple integrals. Line integrals, Applications of line integrals: Mass and Work. Fundamental theorem for line integrals,
conservative vector fields, independence of path. Green’s theorem, surface integrals, integrals over parametrically defined surfaces. Stoke’s theorem, The
Divergence theorem.

Books Recommended

1. G.B. Thomas and R.L. Finney, Calculus, 9th Ed., Pearson Education, Delhi, 2005.

2. M.J. Strauss, G.L. Bradley and K. J. Smith, Calculus, 3rd Ed., Dorling Kindersley (India) Pvt. Ltd. (Pearson Education), Delhi, 2007.

3. E. Marsden, A.J. Tromba and A. Weinstein, Basic Multivariable Calculus, Springer (SIE), Indian reprint, 2005.

4. James Stewart, Multivariable Calculus, Concepts and Contexts, 2nd Ed., Brooks /Cole,
Thomson Learning, USA, 2001.

C4 Matrices and Differential Equations & Geometry 6 Credits (5L+1 T)
Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Programme: Certificate

Class: B.Sc.
Year: First

Semester: Second

Subject: Mathematics

Course Code: B030201T Course Title: Matrices and Differential Equations & Geometry



Course outcomes:

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

knowledge of geometry, calculus, algebra and other theories.

CO2: The student will be able to find the rank, eigen values of matrices and study the linear homogeneous and non-homogeneous equations. The course in

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

CO3: The subjects learn and visualize the fundamental ideas about coordinate geometry and learn to describe some of the surface by using analytical geometry.

CO4: On successful completion of the course students have gained knowledge about regular geometrical figures and their properties. They have the

foundation for higher course in Geometry.

Credits: 6 Core Compulsory / Elective

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

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

Matrices, Differential Equations and Geometry

Unit Topics
No. of

Lectures

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

a Matrix by elementary operations, System of linear homogeneous 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 matrix, Complex functions and separation into real and imaginary parts, Exponential and Logarithmic functions

Inverse trigonometric and

hyperbolic functions.

12+11

II
Formation of differential equations, Geometrical meaning of a differential equation, Equation of first order and first degree, Equation in

which the variables are separable, Homogeneous equations, Exact differential equations and equations reducible to the exact form,

Linear equations. First order higher degree equations solvable for x, y, p, Clairaut’s equation and singular solutions, orthogonal
trajectories, Linear differential equation of order greater than one with constant coefficients, Cauchy- Euler form.

11+11

III
General equation of second degree, System of conics, Tracing of conics, Confocal conics, Polar equation of conics and its properties.
Three-Dimensional Coordinates, Projection and Direction Cosine, Plane (Cartesian and vector form), Straight line in three dimension. 12+11

IV

Sphere, Cone and Cylinder. Central conicoids, Paraboloids, Plane section of conicoids, Generating lines, Confocal conicoids, Reduction of
second degree
equations.

11+11



Suggested Readings (Matrices and Differential Equations):

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

2. B. Rai, D.P. Choudhary & 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 (Geometry):

1.Robert J.T Bell, Elementary Treatise on Coordinate Geometry of three dimensions, Macmillan India Ltd.

2.P.R. Vittal, Analytical Geometry 2d & 3D, Pearson.

3.S.L. Loney, The Elements of Coordinate Geometry, McMillan and Company, London.

4. R.J.T. Bill, Elementary Treatise on Coordinate Geometry of Three 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: Engg. and Tech. (UG), Economics(UG/PG),
Commerce(UG), BBA/BCA,
B.Sc.(C.S.)

Suggested Continuous Evaluation Methods: Max. Marks:
25

SN Assessment
Type

Max. Marks



1 Class Tests 10

2 Online Quizzes/ Objective Tests 5

3 Presentation 5

4 Assignment 5

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

Suggested equivalent online courses:

Further Suggestions:



C5 Real Analysis 6 Credits (5 L+1 T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Course Learning Outcomes: This course will enable the students to:

i) Understand many properties of the real line ℝ and learn to define sequence in terms of functions from ℝ to a subset of ℝ.

ii) Recognize bounded, convergent, divergent, Cauchy and monotonic sequences and to calculate their limit superior, limit inferior, and the limit of a

bounded sequence.

iii) Apply the ratio, root, alternating series and limit comparison tests for convergence and absolute convergence of an infinite series of real numbers.

iv) Learn some of the properties of Riemann integrable functions, and the applications of the fundamental theorems of integration.

UNIT-1

Review of Algebraic and Order Properties of R, -neighborhood of a point in R, Idea of countable sets, uncountable sets and uncountability of R. Bounded above
sets, Bounded below sets, Bounded Sets, Unbounded sets, Suprema and Infima,

UNIT-2

The Completeness Property of R, The Archimedean Property, Density of Rational (and Irrational) numbers in R, Intervals. Limit points of a set, Isolated points,
Illustrations of Bolzano-Weierstrass theorem for sets.

UNIT-3

Sequences, Bounded sequence, Convergent sequence, Limit of a sequence. Limit Theorems, Monotone Sequences, Monotone Convergence Theorem.
Subsequences, Divergence Criteria,

UNIT-4

Monotone Subsequence Theorem (statement only), Bolzano Weierstrass Theorem for Sequences. Cauchy sequence, Cauchy’s Convergence Criterion. Infinite
series, convergence and divergence of infinite series, Cauchy Criterion, Tests for convergence: Comparison test, Limit Comparison test, Ratio Test, Cauchy’s nth

root test, Integral test, Alternating series, Leibniz test, Absolute and Conditional convergence.

Books Recommended

1.R.G. Bartle and D. R. Sherbert, Introduction to Real Analysis, 3rd Ed., John Wiley and Sons (Asia) Pvt. Ltd., Singapore, 2002.

2.Gerald G. Bilodeau , Paul R. Thie, G.E. Keough, An Introduction to Analysis, 2nd Ed., Jones & Bartlett, 2010.

3.Brian S. Thomson, Andrew. M. Bruckner and Judith B. Bruckner, Elementary Real Analysis, Prentice Hall, 2001.

4.S.K. Berberian, A First Course in Real Analysis, Springer Verlag, New York, 1994.



C6 Probability and Statistics 6 Credits (5L+1 T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Course Learning Outcomes: This course will enable the students to:

i) Understand distributions in the study of the joint behaviour of two random variables.

ii) Establish a formulation helping to predict one variable in terms of the other that is, correlation and linear regression.

Understand central limit theorem, which establish the remarkable fact that the empirical frequencies of so many natural populations, exhibit a bell shaped curve.

UNIT-1

Sample space, probability axioms, real random variables (discrete and continuous), cumulative distribution function, probability mass/density functions,

UNIT-2

Mathematical expectation, moments, moment generating function, characteristic function, discrete distributions: uniform, binomial, Poisson, geometric, negative
binomial, continuous distributions: uniform, normal, exponential.

UNIT-3

Joint cumulative distribution function and its properties, joint probability density functions, marginal and conditional distributions, expectation of function of two
random variables, conditional expectations, independent random variables, bivariate normal distribution,

UNIT-4

Correlation coefficient, joint moment generating function and calculation of covariance linear regression for two variables. Chebyshev’s inequality, statement and
interpretation of (weak) law of large numbers and strong law of large numbers, Central Limit theorem for independent and identically distributed random variables
with finite variance, Markov Chains, Chapman-Kolmogorov equations, classification of states.

Books Recommended

1. Robert V. Hogg, Joseph W. McKean and Allen T. Craig, Introduction to Mathematical Statistics, Pearson Education, Asia, 2007.

2. Irwin Miller and Marylees Miller, John E. Freund, Mathematical Statistics with Applications, 7th Ed., Pearson Education, Asia, 2006.

3. Sheldon Ross, Introduction to Probability Models, 9th Ed., Academic Press, Indian Reprint, 2007.

4. Alexander M. Mood, Franklin A. Graybill and Duane C. Boes, Introduction to the Theory of Statistics, 3rd Ed., Tata McGraw- Hill, Reprint 2007

C 7 Algebra & Mathematical Methods

6 Credits (5L+1 T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15
Tutorials

Programme: Diploma

Class: B.Sc.

Year: Second
Semester: Third

Subject: Mathematics



Course Code: B030301T Course Title: Algebra & Mathematical Methods

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 to 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
higher studies and research.

Credits: 6 Core Compulsory / Elective

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

Lectures

I

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

Equivalence relations and partitions, Congruence modulo n, Definition of a group with examples and simple properties, Subgroups,
Generators of a group, Cyclic groups. Permutation groups, Even and odd permutations, The alternating group, Cayley’s theorem,
Direct products, Coset decomposition, Lagrange’s theorem and its consequences, Fermat and Euler theorems

12+11

II
Normal subgroups, Quotient groups, Homomorphism and isomorphism, Fundamental theorem of homomorphism, Theorems on
isomorphism. Rings, Subrings, Integral domains and fields, Characteristic of a ring, Ideal and quotient rings, Ring homomorphism,
Field of quotient of an integral domain.

11+11

III
Limit and Continuity of functions of two variables, Differentiation of function of two variables, Necessary and sufficient condition for
differentiability of functions two variables, Schwarz’s and Young theorem, Taylor's theorem for functions of two variables with
examples, Maxima and minima for functions of two variables, Lagrange multiplier method, Jacobians. Existence theorems for Laplace
transforms, Linearity of Laplace transform and their properties, Laplace transform of the derivatives and integrals of a function,
Convolution theorem, inverse Laplace transforms, Solution of the differential equations using Laplace transforms.

12+11

IV

Fourier series, Fourier expansion of piecewise monotonic functions, Half and full range expansions, Fourier transforms (finite and
infinite), Fourier integral. Calculus of variations-Variational problems with fixed boundaries- Euler's equation for functionals
containing first order derivative and one independent variable, Extremals, Functionals dependent on higher order derivatives,
Functionals dependent on more than one independent variable, Variational problems in parametric form.

11+11



Suggested Readings(Part-A Algebra):

1. J.B. Fraleigh, A first course in Abstract Algebra, Addison-weley

2. I. N. Herstein, Topics in Algebra, John Wiley & Sons

3. Suggested digital plateform: 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 Historical Notes, Tata -McGrawHill

3.Erwin Kreyszig, Advanced Engineering Mathematics, John Wiley & Sons.

4.Suggested digital plateform:NPTEL/SWAYAM/MOOCs

5.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), B.Sc.(C.S.)

Suggested Continuous Evaluation Methods: Max. Marks: 25

SN Assessment Type Max. Marks

1 Class Tests 10

2 Online Quizzes/ Objective Tests 5

3 Presentation 5

4 Assignment (Introduction to Indian ancient Mathematics and Mathematicians) 5

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

Suggested equivalent online courses:

Further Suggestions:

C8 Bio-Mathematics 6 Credits (5L+1 T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

UNIT-1

Mathematical Biology and the modeling process: an overview. Continuous models: Malthus model, logistic growth, Allee effect, Gompertz growth,
Michaelis-Menten Kinetics, Holling type growth,

UNIT-2

Bacterial growth in a Chemostat, Harvesting a single natural population, Prey predator systems and Lotka Volterra equations, Populations in competitions,
Epidemic Models (SI, SIR, SIRS, SIC), Activator-Inhibitor system, Insect Outbreak Model: Spruce Budworm,

UNIT-3

Numerical solution of the models and its graphical representation. Qualitative analysis of continuous models: Steady state solutions, stability and linearization,
multiple species communities and Routh-Hurwitz Criteria, Phase plane methods and qualitative solutions, bifurcations and limit cycles with examples in the
context of biological scenario.

UNIT-4

Spatial Models: One species model with diffusion, Two species model with diffusion, Conditions for diffusive instability, Spreading colonies of microorganisms,
Blood flow in circulatory system, Travelling wave solutions, Spread of genes in a population. Discrete Models: Overview of difference equations, steady state



solution and linear stability analysis, Introduction to Discrete Models, Linear Models, Growth models, Decay models, Drug Delivery Problem, Discrete
Prey-Predator models, Density dependent growth models with harvesting, Host-Parasitoid systems (Nicholson-Bailey model), Numerical solution of the models
and its graphical representation. Case Studies: Optimal Exploitation models, Models in Genetics, Stage Structure Models, Age Structure Models.

Books Recommended

1.L.E. Keshet, Mathematical Models in Biology, SIAM, 1988.

2.J. D. Murray, Mathematical Biology, Springer, 1993.

3.Y.C. Fung, Biomechanics, Springer-Verlag, 1990.

4.F. Brauer, P.V.D. Driessche and J. Wu, Mathematical Epidemiology, Springer, 2008.

5.M. Kot, Elements of Mathematical Ecology, Cambridge University Press, 2001.

C9 Integral Transforms and Fourier Analysis 6 Credits (5L+1 T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Course Learning Outcomes: This course will enable the students to:

i) Know about piecewise continuous functions, Dirac delta function, Laplace transforms and its properties.
ii) Solve ordinary differential equations using Laplace transforms.
iii) Familiarise with Fourier transforms of functions belonging to 𝐿1(ℝ) class, relation between Laplace and Fourier transforms.
iv) Explain Parseval’s identity, Plancherel’s theorem and applications of Fourier transforms to boundary value problems.
v) Learn Fourier series, Bessel’s inequality, term by term differentiation and integration of Fourier series.
vi) Apply the concepts of the course in real life problems.

Unit-I: Laplace Transforms

Laplace transform, Linearity, Existence theorem, Laplace transforms of derivatives and integrals, Shifting theorems, Change of scale property, Laplace transforms
of periodic functions, Dirac’s delta function.

Unit-II: Further Properties of Laplace Transforms and Applications: Differentiation and integration of transforms, Convolution theorem, Integral equations,
Inverse Laplace transform, Lerch’s theorem, Linearity property of inverse Laplace transform, Translations theorems of inverse Laplace transform, Inverse
transform of derivatives, Applications of Laplace transform in obtaining solutions of ordinary differential equations and integral equations.

Unit-III: Fourier Transforms

Fourier and inverse Fourier transforms, Fourier sine and cosine transforms, Inverse Fourier sine and cosine transforms, Linearity property, Change of scale
property, Shifting property, Modulation theorem, Relation between Fourier and Laplace transforms.

Unit-IV: Solution of Equations by Fourier Transforms and Fourier Series

Solution of integral equation by Fourier sine and cosine transforms, Convolution theorem for Fourier transform, Parseval’s identity for Fourier transform,
Plancherel’s theorem, Fourier transform of derivatives, Applications of infinite Fourier transforms to boundary value problems, Finite Fourier transform, Inversion
formula for finite Fourier transforms. Fourier cosine and sine series, Fourier series, Differentiation and integration of Fourier series, Absolute and uniform
convergence of Fourier series, Bessel’s inequality, The complex form of Fourier series.

Books Recommended:

James Ward Brown & Ruel V. Churchill (2011). Fourier Series and Boundary Value Problems. McGraw-Hill Education.

Charles K. Chui (1992). An Introduction to Wavelets. Academic Press.



Erwin Kreyszig (2011). Advanced Engineering Mathematics (10th edition). Wiley.

Walter Rudin (2017). Fourier Analysis on Groups. Dover Publications.

A. Zygmund (2002).Trigonometric Series (3rd edition). Cambridge University Press.

C 10 Differential Equations & Mechanics
6 Credits (5L+1 T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Programme: Diploma

Class: B.Sc.
Year: Second

Semester: Fourth

Subject: Mathematics

Course Code: B030401T Course Title: Differential Equations & Mechanics

Course outcomes:

CO1: The objective of this course is to familiarize the students with various methods of solving differential equations, partial differential equations of first

order and second order and 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 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 is to give students knowledge of basic mechanics such as simple harmonic motion, motion 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 helpful in getting employment in

industry.

Credits: 6 Core Compulsory / Elective

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

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

Differential Equations and Mechanics

Unit Topics
No. of

Lectures

I Second order linear differential equations with variable coefficients: Use of a known solution to find another, normal form, method of

undetermined coefficient, variation of parameters, Series solutions of differential equations, Power series method. Bessel, Legendre

and Hypergeometric functions and their properties, recurrence and generating relations.

12+12

II
Origin of first order partial differential equations. Partial differential equations of the first order and degree one, Lagrange's solution,

Partial differential equation of first order and degree greater than one. Charpit's method of solution, Surfaces Orthogonal to the given

system of surfaces. Origin of second order PDE, Solution of partial differential equations of the second and higher order with constant

11+11



coefficients, Classification of linear partial differential equations of second order, Solution of second order partial differential equations

with variable coefficients, Monge's method of solution.

III

Frame of reference, work energy principle, Forces in three dimensions, Poinsot's central axis, Wrenches, Null lines and planes. Virtual
work, Stable and Unstable equilibrium, Catenary, Catenary of uniform strength. Velocities and accelerations along radial and transverse
directions, and along tangential and normal directions, Simple Harmonic motion, Motion under other law of forces. Elastic strings,
Motion in resisting medium, Constrained motion, Motion on smooth and rough plane curves.

11+11

IV
Motion of particles of varying mass, Rocket motion, Central orbit, Kepler's laws of motion, Motion of particle in three dimensions,
Rotating frame of reference, Rotating Earth, Acceleration in terms of different coordinates systems. 11+11

Suggested Readings(Differential Equations):

1.G.F. Simmons, Differential Equations with Application and Historical Notes, Tata –McGrawHill

2.B. Rai, D.P. Choudhary & H. J. Freedman, A Course of Ordinary Differential Equations, Narosa

3. Ian 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(Mechanics):

1. R.C. Hibbeler, Engineering Mechanics-Statics, Prentics Hall Publishers

2. R.C. Hibbeler, Engineering Mechanics-Dynamics, Prentics Hall Publishers

3. A. Nelson, Engineering Mechanics Statics and Dynamics, Tata McGraw Hill

4. J.L. Synge & B.A. Griffith, Principles of Mechanics, Tata McGraw Hill

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: Engg. and Tech. (UG), Economics(UG/PG), B.Sc.(C.S.)

Suggested Continuous Evaluation Methods: Max. Marks: 25

SN Assessment Type Max. Marks

1 Class Tests 10

2 Online Quizzes/ Objective Tests 5

3 Presentation 5

4 Assignment 5

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

Suggested equivalent online courses:

Further Suggestions:



C11 Riemann Integration and Series of Functions             6 Credits (5L+1T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Course Learning Outcomes: This course will enable the students to Learn about Riemann integrability of bounded functions and algebra of R-integrable
functions.

UNIT-1

Riemann integration; inequalities of upper and lower sums; Riemann conditions of integrability.Riemann sum and definition of Riemann integral through Riemann
sums; equivalence of two definitions; Riemann integrability of monotone and continuous functions, Properties of the Riemann integral;

UNIT-2

Definition and integrability of piecewise continuous and monotone functions. Intermediate Value theorem for Integrals; Fundamental theorems of Calculus.
Improper integrals; Convergence of Beta and Gamma functions.

UNIT-3

Pointwise and uniform convergence of sequence of functions. Theorems on continuity, derivability and integrability of the limit function of a sequence of
functions. Series of functions;

UNIT-4

Theorems on the continuity and derivability of the sum function of a series of functions; Cauchy criterion for uniform convergence and Weierstrass M-Test. Limit
superior and Limit inferior. Power series, radius of convergence, Cauchy Hadamard Theorem, Differentiation and integration of power series; Abel’s Theorem;
Weierstrass Approximation Theorem.

Books Recommended

1.K.A. Ross, Elementary Analysis, The Theory of Calculus, Undergraduate Texts in Mathematics, Springer (SIE), Indian reprint, 2004.

2.R.G. Bartle D.R. Sherbert, Introduction to Real Analysis, 3rd Ed., John Wiley and Sons (Asia) Pvt. Ltd., Singapore, 2002.

3.Charles G. Denlinger, Elements of Real Analysis, Jones & Bartlett (Student Edition), 2011.

C12 Linear Programming 6 Credits (5L+1T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Course Learning Outcomes: This course will enable the students to:

i) Analyze and solve linear programming models of real life situations.

ii) Provide graphical solutions of linear programming problems with two variables, and illustrate the concept of convex set and extreme points.

iii) Understand the theory of the simplex method.

iv) Know about the relationships between the primal and dual problems, and to understand sensitivity analysis.

v) Learn about the applications to transportation, assignment and two-person zero-sum game problems.

Unit-I: Linear Programming Problem, Convexity and Basic Feasible Solutions Formulation, Canonical and standard forms, Graphical method; Convex and
polyhedral sets, Hyperplanes, Extreme points; Basic solutions, Basic Feasible Solutions, Reduction of feasible solution to basic feasible solution,
Correspondence between basic feasible solutions and extreme points.



Unit-II: Simplex Method Optimality criterion, Improving a basic feasible solution, Unboundedness, Unique and alternate optimal solutions; Simplex algorithm
and its tableau format; Artificial variables, Two-phase method, Big-M method.

Unit-III: Duality Formulation of the dual problem, Duality theorems, Complimentary slackness theorem, Economic interpretation of the dual, Dual-simplex
method.

Unit-IV: Sensitivity Analysis Changes in the cost vector, right-hand side vector and the constraint matrix of the linear programming problem. Applications
Transportation Problem: Definition and formulation, Methods of finding initial basic feasible solutions: Northwest-corner rule, Least- cost method, Vogel
approximation method; Algorithm for obtaining optimal solution.

Assignment Problem: Mathematical formulation and Hungarian method.

Books Recommmended:

1. Mokhtar S. Bazaraa, John J. Jarvis & Hanif D. Sherali (2010). Linear Programming and Network Flows (4th edition). John Wiley & Sons.

2. G. Hadley (2002). Linear Programming. Narosa Publishing House.

3. Frederick S. Hillier & Gerald J. Lieberman (2015). Introduction to Operations Research (10th edition). McGraw-Hill Education.

4. Hamdy A. Taha (2017). Operations Research: An Introduction (10th edition). Pearson.

5. Paul R. Thie & Gerard E. Keough (2014). An Introduction to Linear Programming and Game Theory (3rd edition). Wiley India Pvt. Ltd.

C13 Group and Ring Theory & Linear Algebra
6 Credits (5L+1T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Programme: Degree

Class: B.Sc.
Year: Third

Semester: Fifth

Subject: Mathematics

Course Code: B030501T Course Title: Group and Ring Theory & Linear Algebra

Course outcomes:

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

some 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 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 Core Compulsory / Elective

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



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

Group and Ring Theory

Unit Topics
No. of

Lectures

I
Introduction to Indian ancient Mathematics and Mathematicians should be included under Continuous Internal Evaluation
(CIE).

Automorphism, inner automorphism, Automorphism groups, Automorphism groups of finite and infinite cyclic groups, Characteristic
subgroups, Commutator subgroup and its properties; Applications of factor groups to automorphism groups. Conjugacy classes, The
class equation, p-groups, The Sylow theorems and consequences, Applications of Sylow theorems; Finite simple groups,
Nonsimplicity tests; Generalized Cayley’s theorem, Index theorem, Embedding theorem and applications.

10+10

II Polynomial rings over commutative rings, Division algorithm and consequences, Principal ideal domains, Factorization of
Polynomials, Reducibility tests, Irreducibility tests, Eisenstein criterion, Unique factorization in Z[x]. Divisibility in integral domains,
Irreducibles, Primes, Unique factorization domains, Euclidean domains.

9+9

III Vector spaces, Subspaces, Linear independence and dependence of vectors, Basis and Dimension, Quotient space. Linear
transformations, The Algebra of linear transformations, rank nullity theorem, their representation as matrices.

10+10

IV
Linear functionals, Dual space, Characteristic values, Cayley Hamilton Theorem, Inner product spaces and norms, Cauchy-Schwarz
inequality, Orthogonal vectors, Orthonormal sets and bases, Bessel’s inequality for finite dimensional spaces, Gram-Schmidt
orthogonalization process, Bilinear and Quadratic forms.

9+9

Suggested Readings:

1. Topics in Algebra by I. 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 Evaluation Methods: Max. Marks: 25

SN Assessment Type Max. Marks

1 Class Tests 10

2 Online Quizzes/ Objective Tests 5

3 Presentation 5



4 Assignment (Introduction to Indian ancient Mathematics and Mathematicians) 5

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

Suggested equivalent online courses:

Further Suggestions:

C14 (i) Number Theory & Game Theory 6 Credits (5L+1 T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Programme: Degree

Class: B.Sc.
Year: Third

Semester: Sixth

Subject: Mathematics

Course Code: B030502T Course Title: Number Theory & Game Theory

Course outcomes:

CO1: Upon successful completion, students 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. It is aimed at explaining and predicting how individuals behave in a specific strategic situation, and therefore
help improve decision 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.

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

Credits: 5 Core Compulsory / Elective

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

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

Number Theory and Game Theory

Unit Topics
No. of

Lectures



I
Theory of Numbers
Divisibility; Euclidean algorithm; primes; congruences; Fermat’s theorem, Euler’s theorem and Wilson’s theorem; Fermat’s quotients
and their elementary consequences; solutions of congruences; Chinese remainder theorem; Euler’s phi-function.
Congruences: Congruence modulo powers of prime; primitive roots and their existence; quadratic residues; Legendre symbol, Gauss’
lemma about Legendre symbol; quadratic reciprocity law; proofs of various formulations; Jacobi symbol.

10+9

II
Diophantine Equations
Solutions of ax + by = c, 𝑥𝑛 + 𝑦𝑛 = 𝑧𝑛; properties of Pythagorean triples; sums of two, four and five squares; assorted examples of
diophantine equations.
Generating Functions and Recurrence Relations

Generating Function Models, Calculating coefficient of generating functions, Partitions, Exponential Generating Functions, A
Summation Method. Recurrence Relations: Recurrence Relation Models, Divide and conquer Relations, Solution of Linear,
Recurrence Relations, Solution of Inhomogeneous Recurrence Relations, Solutions with Generating Functions.

9+9

III Introduction, overview, uses of game theory, some applications and examples, and formal definitions of: the normal form, payoffs,
strategies, pure strategy Nash equilibrium. Introduction, characteristic of game theory, Two- person zero-sum game, Pure and Mixed
strategies, Saddle point and its existence.

10+10

IV

Fundamental Theorem of Rectangular games, Concept of Dominance, Dominance and Graphical method of solving Rectangular
games. Relationship between rectangular game and Linear Programming Problem, Solving rectangular game by Simplex method,
reduction of m x n game and solution of 2x2, 2 x s, and r x 2 cases by graphical method, algebraic and linear programming solution of
m x n games.

9+9

Suggested Readings (Number Theory ):

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) Universal 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) 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 (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) http://www.ece.stevens-tech.edu/~ccomanic/ee800c.html

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.
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

SN Assessment Type Max. Marks

1 Class Tests 10

2 Online Quizzes/ Objective Tests 5

3 Presentation 5

http://www.ece.stevens-tech.edu/~ccomanic/ee800c.html


4 Assignment 5

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

Suggested equivalent online courses:

Further Suggestions:



C14 (ii) Graph Theory & Discrete Mathematics 6 Credits (5L+1T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Programme: Degree

Class: B.Sc.
Year: Third

Semester: Sixth

Subject: Mathematics

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

Course outcomes:

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

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

basic concepts of graphs used in computer science and other disciplines. The topics include path, circuits, adjacency matrix, tree, coloring.. After successful

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

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

Successful completion of this course students will be able to apply the basics of the automation theory, transition function and table.
CO4: This course covers the basic concepts of discrete mathematics used in computer science and other disciplines that involve formal reasoning. The topics

include logic, counting, relations, 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 Core Compulsory / Elective

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

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

Graph Theory and Discrete Mathematics

Unit Topics
No. of

Lectures

I
Introduction to graphs, basic properties of graphs, Simple graph, multi graph, graph terminology, representation of graphs, Bipartite,
regular, planar and connected graphs, connected components in a graph, Euler graphs, Directed, Undirected, multi-graph, mixed graph.
Walk and unilateral components, unicursal graph, Hamiltonian path and circuits, Graph colouring, chromatics number, isomorphism
and homomorphism of graphs, Incidence relation and degree of the graph.

10+9

II
Operation of graph circuit, Path and circuits, Eulerian circuits, Hamiltonian path and cycles, Adjacency matrix, Weighted graph,
Travelling salesman problem, Shortest path, Dijkstra’s algorithm. Tree, Binary and Spanning trees, Coloring, Color problems, Vertex
coloring and important properties.

9+9

III
Propositional Logic- Proposition logic, basic logic, logical connectives, truth tables, tautologies, contradiction, normal forms
(conjunctive and disjunctive), modus ponens and modus tollens, validity, predicate logic, universal and existential quantification, proof
by implication, converse, inverse contrapositive, contradiction, direct proof by using truth table.
Relation- Definition, types of relation, domain and range of a relation, pictorial representation of relation, properties of relation, partial
ordering relation. Boolean Algebra- Basic definitions, Sum of products and products of sums, Logic gates and Karnaugh maps.

Graphs- Simple graph, multi graph, graph terminology, representation of graphs, Bipartite, regular, planar and connected graphs,

10+10



connected components in a graph, Euler graphs, Hamiltonian path and circuits, Graph colouring, chromatics number, isomorphism and
homomorphism of graphs.

IV

Combinatories- Inclusion- exclusion, recurrence relations (nth order recurrence relation with constant coefficients, Homogeneous
recurrence relations, Inhomogeneous recurrence relations), generating function (closed form expression, properties of G.F., solution of
recurrence relations using G.F. solution of combinatorial problem using G.F.) Finite Automata- Basic concepts of automation theory,
Deterninistic Finite Automation (DFA), transition function, transition table, Non Deterministic Finite Automata (NDFA), Mealy and
Moore machine, Minimization of finite automation.

9+9

Suggested Readings (Graph Theory):

1. “Graph Theory with Applications to Engineering and Computer Science” by Narsingh Deo
2. “Introduction to Graph Theory” by Douglas B West
3. “Graph Theory with Algorithms and Its Applications: In Applied Science and Technology” by Santanu Saha Ray
4. Suggested digital plateform:NPTEL/SWAYAM/MOOCs

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

Suggested Readings (Discrete Mathematics):
1. 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. Rosen
4. Suggested digital plateform:NPTEL/SWAYAM/MOOCS

5. 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), B.Sc.(C.S.)

Suggested Continuous Evaluation Methods: Max. Marks: 25

SN Assessment Type Max. Marks

1 Class Tests 10

2 Online Quizzes/ Objective Tests 5

3 Presentation 5

4 Assignment 5

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

Suggested equivalent online courses:

Further Suggestions:



C14 (iii) Differential Geometry & Tensor Analysis 6 Credits (5L+1 T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Programme: Degree

Class: B.Sc.
Year: Third

Semester: Sixth

Subject: Mathematics

Course Code: B030502T Course Title: Differential Geometry & Tensor Analysis

Course outcomes:

CO1: After Successful completion of this course, students should be able to determine and calculate curvature of curves in different coordinate systems.

CO2: 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.

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

Credits: 5 Core Compulsory / Elective

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

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

Part- A

Differential Geometry

Unit Topics
No. of

Lectures

I
Local theory of curves-Space curves, Examples, Plane Curves, tangent and normal and binormal, Osculating Plane, normal plane and
rectifying plane, Osculating circle, osculating sphere Helices, Serret-Frenet apparatus, contact between curve and surfaces, tangent
surfaces, involutes and evolutes of curves, Bertrand curves, Intrinsic equations, fundamental existence theorem for space curves. Local
Theory of Surfaces- Parametric patches on surface curve of a surface, family of surfaces (one parameter), edge of regression, rues
surfaces, skew ruled surfaces and developable surfaces, surfaces of revolution, Helicoids.

10+9

II Metric-first fundamental form and arc length, Direction coefficients, families of curves, intrinsic properties, geodesics, canonical
geodesic equations, normal properties of geodesics, geodesics curvature, 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.

9+9

III
Tensor algebra: Vector spaces, the dual spaces, tensor product of vector spaces, transformation formulae, contraction, special tensors-
symmetric tensor, inner product, associated tensor with examples. Tensor Analysis: Contravariant and covariant vectors and tensors,
Mixed tensors, Symmetric and skew-symmetric tensors, Algebra of tensors, Contraction and inner product, Quotient theorem,
Reciprocal tensors, Christoffel’s symbols, Law of transformation of Christoffel’s symbols, Covariant differentiation, non-
commutativity of Covariant derivative.

10+10



IV
Gradient of scalars, Divergence of a contravariant vector, covariant vector and conservative vectors, Laplacian of an invariant, curl of a
covariant vector, irrotational vector, with examples. Riemannian space, Riemannian curvatures and their properties, geodesics,
geodesic curvature, geometrical interpretation of curvature tensor, Ricci tensor, scalar curvature, Einstein space and Einstein tensor.

9+9

Suggested Readings (Differential Geometry):

1. T.J. Willmore, An Introduction to Differential Geometry, Dover Publications, 2012.
2. B. O’Neill, Elementary Differential Geometry, 2nd Ed., Academic Press, 2006.
3. C.E. Weatherburn, Differential Geometry of Three Dimensions, Cambridge University Press 2003.
4. D.J. Struik, Lectures on Classical Differential Geometry, Dover Publications, 1988.
5. S. Lang, Fundamentals of Differential Geometry, Springer, 1999.
6. B. Spain, Tensor Calculus: A Concise Course, Dover Publications, 2003.
7. An Introduction to Differential Geometry (with the use of tensor Calculus), L. P. Eisenhart, Princeton University Press, 1940.
8. Tensor Analysis, Theory and Applications to Geometry and Mechanics of Continua, 2nd Edition, I. S. Sokolnikoff, John Wiley and Sons., 1964.
9. Suggested digital plateform:NPTEL/SWAYAM/MOOCs
10. Course Books published in Hindi may be prescribed by the Universities.

Suggested Readings (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 to Reimannian Geometry, Pothishala Pvt. Ltd, Allahabad.
4. Suggested digital plateform:NPTEL/SWAYAM/MOOCS
5. 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), B.Sc.(C.S.)

Suggested Continuous Evaluation Methods: Max. Marks: 25

SN Assessment Type Max. Marks

1 Class Tests 10

2 Online Quizzes/ Objective Tests 5

3 Presentation 5

4 Assignment 5

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

Suggested equivalent online courses:

Further Suggestions:



C15 Industrial Mathematics 6 Credits (5L+1T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

UNIT-1

Medical Imaging and Inverse Problems. The content is based on Mathematics of X-ray and CT scan based on the knowledge of calculus, elementary differential
equations, complex numbers and matrices.

UNIT-2

Introduction to Inverse problems: Why should we teach Inverse Problems? Illustration of Inverse problems through problems taught in Pre-Calculus, Calculus,
Matrices and differential equations. Geological anomalies in Earth’s interior from measurements at its surface (Inverse problems for Natural disaster) and
Tomography.

UNIT-3

X-ray: Introduction, X-ray behavior and Beers Law (The fundament question of image construction) Lines in the place.

UNIT-4

Radon Transform: Definition and Examples, Linearity, Phantom (Shepp - Logan Phantom - Mathematical phantoms). Back Projection: Definition, properties and
examples. CT Scan: Revision of properties of Fourier and inverse Fourier transforms and applications of their properties in image reconstruction. Algorithms of
CT scan machine. Algebraic reconstruction techniques abbreviated as ART with application to CT scan.

Books Recommended

1. Timothy G. Feeman, The Mathematics of Medical Imaging, A Beginners Guide, Springer Under graduate Text in Mathematics and Technology, Springer,
2010.

2. C.W. Groetsch, Inverse Problems, Activities for Undergraduates, The Mathematical Association of America, 1999.

3. Andreas Kirsch, An Introduction to the Mathematical Theory of Inverse Problems, 2nd Ed., Springer, 2011.

C16 Mathematical Finance 6 Credits (5L+1T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Course Learning Outcomes: This course will enable the students to:

i) Understand financial markets and derivatives including options and futures.

ii) Appreciate pricing and hedging of options, interest rate swaps and no-arbitrage pricing concepts.

iii) Learn stochastic analysis, Ito’s formula, Ito integral and the Black−Scholes model.

Study and use Hedging parameters, trading strategies and currency swaps.

UNIT-1
Basic principles: Comparison, arbitrage and risk aversion, Interest (simple and compound, discrete and continuous), time value of money, inflation, net present
value, internal rate of return (calculation by bisection and Newton-Raphson methods),
UNIT-2
Comparison of NPV and IRR. Bonds, bond prices and yields, Macaulay and modified duration, term structure of interest rates: spot and forward rates, explanations
of term structure, running present value, floating-rate bonds, immunization, convexity, putable and callable bonds.



UNIT-3
Asset return, short selling, portfolio return, (brief introduction to expectation, variance, covariance and correlation), random returns, portfolio mean return and
variance, diversification, portfolio diagram, feasible set,

UNIT-4
Markowitz model (review of Lagrange multipliers for 1 and 2 constraints), Two fund theorem, risk free assets, One fund theorem, capital market line, Sharpe
index. Capital Asset Pricing Model (CAPM), betas of stocks and portfolios, security market line, use of CAPM in investment analysis and as a pricing formula,
Jensen’s index.

Books Recommended

1.David G. Luenberger, Investment Science, Oxford University Press, Delhi, 1998.

2.John C. Hull, Options, Futures and Other Derivatives, 6th Ed., Prentice-Hall India, Indian reprint, 2006.

Sheldon Ross, An Elementary Introduction to Mathematical Finance, 2nd Ed., Cambridge University Press, USA, 2003.

C17 METRIC SPACES & COMPLEX ANALYSIS 6 Credits (5L+1 T)
Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Programme: Degree

Class: B.Sc.
Year: Third

Semester: Sixth

Subject: Mathematics

Course Code: B030601T Course Title: METRIC SPACES & COMPLEX ANALYSIS

Course outcomes:

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

student the foundation in mathematics.

CO2: After completion of this course the student will have rigorous and deeper understanding of fundamental concepts in Mathematics. This will be helpful to

the student in understanding pure mathematics 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.

Credits: 4 Core Compulsory / Elective

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

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

Metric Spaces and Complex Analysis



Unit Topics
No. of

Lectures

I
Basic Concepts: Metric spaces: Definition and examples, Sequences in metric spaces, Cauchy sequences, Complete metric space.
Topology of Metric Spaces: Open and closed ball, Neighborhood, Open set, Interior of a set, limit point of a set, derived set, closed
set, closure of a set, diameter of a set, Cantor’s theorem, Subspaces, Dense set.

8+8

II
Continuity & Uniform Continuity in Metric Spaces
Continuous mappings, Sequential criterion and other characterizations of continuity, Uniform continuity, Homeomorphism,
Contraction mapping, Banach fixed point theorem.
Connectedness and Compactness
Connectedness, Connected subsets of , Connectedness and continuous mappings, Compactness, Compactness and boundedness,
Continuous functions on compact spaces.

7+7

III
Analytic Functions and Cauchy-Riemann Equations
Functions of complex variable, Mappings; Mappings by the exponential function, Limits, Theorems on limits, Limits involving the
point at infinity, Continuity, Derivatives, Differentiation formulae, Cauchy-Riemann equations, Sufficient conditions for
differentiability; Analytic functions and their examples.
Elementary Functions and Integrals
Exponential function, Logarithmic function, Branches and derivatives of logarithms, Trigonometric function, Derivatives of functions,
Definite integrals of functions, Contours, Contour integrals and its examples, Upper bounds for moduli of contour integrals.

8+8

IV

Cauchy’s Theorems and Fundamental Theorem of Algebra

Antiderivatives, Proof of antiderivative theorem, Cauchy-Goursat theorem, Cauchy integral formula; An extension of Cauchy integral

formula, Consequences of Cauchy integral formula, Liouville’s theorem and the fundamental theorem of algebra.

Series and Residues

Convergence of sequences and series, Taylor series and its examples; Laurent series and its examples, Absolute and uniform

convergence of power series, Uniqueness of series representations of power series, Isolated singular points, Residues, Cauchy’s

residue theorem, residue at infinity; Types of isolated singular points, Residues at poles and its examples.

7+7

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

Suggested Readings (Complex Analysis):
1. Function of Complex Variable by Shanti Narain.
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 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

SN Assessment Type Max. Marks
1 Class Tests 10
2 Online Quizzes/ Objective Tests 5



3 Presentation 5
4 Assignment 5
Course prerequisites: To study this course, a student must have Diploma in Mathematics

Suggested equivalent online courses:
Further Suggestions:

C18 Numerical Analysis & Operation Research 5 Credits (4L+1 P)
Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Practical

Programme: Degree

Class: B.Sc.
Year: Third

Semester: Sixth

Subject: Mathematics

Course Code: B030602T Course Title: Numerical Analysis & Operations Research

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 of

the 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

Numerical Analysis in higher Mathematics.

CO3: The student will be able to solve various problems based on convex sets and linear programming. After successful completion of this paper will 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.

Credits: 4 Core Compulsory / Elective

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

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

Numerical Analysis and Operation Research

Unit Topics
No. of

Lectures

I Solution of equations: bisection, Secant, Regular Falsi, Newton Raphson’s method, Newton’s method for multiple roots, Interpolation,

Lagrange and Hermite interpolation, Difference schemes, Divided differences, Interpolation formula using differences. Numerical

differentiation, Numerical Quadrature: Newton Cotes Formulas, Gaussian Quadrature Formulas, System of Linear equations: Direct

method for solving systems of linear equations (Gauss elimination, LU Decomposition, Cholesky Decomposition), Iterative methods

(Jacobi, Gauss Seidel, Relaxation methods). The Algebraic Eigen value problem: Jacobi’s method, Givens method, Power method.

8+8



II

Numerical solution of Ordinary differential equations: Euler method, single step methods, Runge-Kutta method, Multi-step methods:

Milne-Simpson method, Types of approximation: Last Square polynomial approximation, Uniform approximation, Chebyshev

polynomial approximation. Difference Equations and their solutions, Shooting method and Difference equation method for solving

Linear second order differential equation with boundary conditions of first, second and third type.

7+7

III

Introduction, Linear programming problems, statement and formation of general linear programming problems, graphical method,
slack and surplus variables, standard and matrix forms of linear programming problem, basic feasible solution. Convex sets,
fundamental theorem of linear programming, basic solution, Simplex method, introduction to artificial variables, two phase method
Big-M method and their comparison.

8+8

IV
Resolution of degeneracy, duality in linear programming problems, primal dual relationships, revised simplex method, sensitivity
analysis. Transportation problems, assignment problems. 7+7

Suggested Readings(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

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

Suggested Readings(Operation Research):

1.Taha, Hamdy H, "Opearations Research- An Introduction ", Pearson Education.

2.Kanti Swarup , P. K. Gupta , Man Mohan Operations research, Sultan Chand & Sons

3.Hillier Frederick S and Lieberman Gerald J., “Operations Research”, McGraw Hill Publication.

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

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

6. Kalavathy S., “Operations Research”, S Chand.

7. Suggested digital plateform:NPTEL/SWAYAM/MOOCs.

8. 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), B.Sc.(C.S.)

Suggested Continuous Evaluation Methods: Max. Marks: 25
SN Assessment Type Max. Marks
1 Class Tests 10
2 Online Quizzes/ Objective Tests 5
3 Presentation 5
4 Assignment 5
Course prerequisites: To study this course, a student must have Certificate Course in Applied Mathematics

Suggested equivalent online courses:
Further Suggestions:

https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=Kanti%2BSwarup&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_2?ie=UTF8&field-author=P.%2BK.%2BGupta&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_3?ie=UTF8&field-author=Man%2BMohan&search-alias=stripbooks


Practical

Programme: Degree

Class: B.Sc.
Year: Third

Semester: Sixth

Subject: Mathematics

Course Code: B030603P Course Title: Practical

Course outcomes:

The main objective of the course is to equip the student to solve the transcendental and algebraic equations, system of linear equations, ordinary differential

equations, Interpolation, Numerical Integration, Method of finding Eigenvalue by Power method (up to 4 × 4 ), Fitting a Polynomial Function (up to third

degree).

Credits: 2 Core Compulsory / Elective

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

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

Unit Topics
No. of

Lectures
Practical / Lab work to be performed in Computer Lab.
List of the practicals to be done using computer algebra software (CAS), for example Mathematica/MATLAB/Maple/ Maxima/Scilab
etc
1. Solution of transcendental and algebraic equations by

i) Bisection method

ii) Newton Raphson method (Simple root, multiple roots, complex roots).

iii) Secant method.

iv) Regula Falsi method.

2. Solution of system of linear equations

i) LU decomposition method

ii) Gaussian elimination method

iii) Gauss-Jacobi method

iv) Gauss-Seidel method

3. Interpolation

i) Lagrange Interpolation

ii) Newton’s forward, backward and divided difference interpolations

4. Numerical Integration

i) Trapezoidal Rule

ii) Simpson’s one third rule

iii) Weddle’s Rule

iv) Gauss Quadrature

5. Method of finding Eigenvalue by Power method (up to 4 × 4 )

6. Fitting a Polynomial Function (up to third degree)





7. Solution of ordinary differential equations
i) Euler method
ii) Modified Euler method
iii) Runge Kutta method (order 4)
(iv) The method of successive approximations (Picard)

Suggested Readings:

This course can be opted as an elective by the students of following subjects: Engg. and Tech. (UG), Economics(UG/PG), B.Sc.(C.S.)

Suggested Continuous Evaluation Methods: Max. Marks: 25

SN Assessment Type Max. Marks

1 Class Tests 10

2 Online Quizzes/ Objective Tests 5

3 Presentation 5

4 Assignment 5

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

Suggested equivalent online courses:

Further Suggestions:

C19 Advanced Mechanics 5 Credits (4L+1T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

Course Learning Outcomes: This course will enable the students to:
i) Understand the reduction of force system in three dimensions to a resultant force acting at a base point and a resultant couple, which is independent of the choice

of base of reduction.
ii) Learn about a nul point, a nul line, and a nul plane with respect to a system of forces acting on a rigid body together with the idea of central axis.
iii)Know the inertia constants for a rigid body and the equation of momental ellipsoid together with the idea of principal axes and principal moments of inertia and to

derive Euler’s equations of motion of a rigid body, moving about a point which is kept fixed.
iv)Study the kinematics and kinetics of fluid motions to understand the equation of continuity in Cartesian, cylindrical polar and spherical polar coordinates which are

used to derive Euler’s equations and Bernoulli’s equation.
v) Deal with two-dimensional fluid motion using the complex potential and also to understand the concepts of sources, sinks, doublets and the image systems of these

with regard to a line and a circle.

Unit-I: Statics in Space
Forces in three dimensions, Reduction to a force and a couple, Equilibrium of a system of particles, Central axis and Wrench, Equation of the central axis, Resultant wrench
of two wrenches; Null points, lines and planes with respect to a system of forces, Conjugate forces and conjugate lines.
Unit-II: Motion of a Rigid Body
Moments and products of inertia of some standard bodies, Momental ellipsoid, Principal axes and moments of inertia; Motion of a rigid body with a fixed point, Kinetic
energy of a rigid body with a fixed point and angular momentum of a rigid body, Euler’s equations of motion for a rigid body with a fixed point, Velocity and acceleration of
a moving particle in cylindrical and spherical polar coordinates, Motion about a fixed axis, Compound pendulum.
Unit-III: Kinematics of Fluid Motion
Lagrangian and Eulerian approaches, Material and convective derivatives, Velocity of a fluid at a point, Equation of continuity in Cartesian, cylindrical polar and spherical
polar coordinates, Cylindrical and spherical symmetry, Boundary surface, Streamlines and pathlines, Steady and unsteady flows, Velocity potential, Rotational and
irrotational motion, Vorticity vector and vortex lines.
Unit-IV: Kinetics of Fluid Motion



Euler’s equations of motion in Cartesian, cylindrical polar and spherical polar coordinates; Bernoulli’s equation, Impulsive motion. Stream function, Complex potential, Basic
singularities: Sources, sinks, doublets, complex potential due to these basic singularities; Image system of a simple source and a simple doublet with regard to a line and a
circle, Milne-Thomson circle theorem.

Books Recommended:
1.A. S. Ramsay (1960). A Treatise on Hydromechanics, Part-II Hydrodynamics. G. Bell & Sons.
2.F. Chorlton (1967). A Textbook of Fluid Dynamics. CBS Publishers.
3.Michel Rieutord (2015). Fluid Dynamics An Introduction. Springer.
4.E. A. Milne (1965). Vectorial Mechanics, Methuen & Co.Limited. London.

C20 Combinatorial Mathematics 5 Credits (4L+1T)

Duration 3hrs Marks : 100( 75+25 ) 75 Lectures + 15 Tutorials

UNIT-1

Basic counting principles, Permutations and Combinations (with and without repetitions), Binomial theorem, Multinomial theorem, Counting subsets, Set-partitions, Stirling
numbers

UNIT-2

Principle of Inclusion and Exclusion, Derangements, Inversion formulae Generating functions: Algebra of formal power series, Generating function models, Calculating
generating functions, Exponential generating functions.

UNIT-3

Recurrence relations: Recurrence relation models, Divide and conquer relations, Solution of recurrence relations, Solutions by generating functions.Integer partitions,
Systems of distinct representatives.

UNIT-4

Polya theory of counting: Necklace problem and Burnside’s lemma, Cyclic index of a permutation group, Polya’s theorems and their immediate applications. Latin squares,
Hadamard matrices, Combinatorial designs: t designs, BIBDs, Symmetric designs.

Books Recommended

1.J.H. van Lint and R.M. Wilson, A Course in Combinatorics, 2nd Ed., Cambridge University Press, 2001.

2.V. Krishnamurthy, Combinatorics, Theory and Application, Affiliated East-West Press 1985.

3.P.J. Cameron, Combinatorics, Topics, Techniques, Algorithms, Cambridge University Press, 1995.

4.M. Jr. Hall, Combinatorial Theory, 2nd Ed., John Wiley & Sons, 1986.

5.S.S. Sane, Combinatorial Techniques, Hindustan Book Agency, 2013.

6.R.A. Brualdi, Introductory Combinatorics, 5th Ed., Pearson Education Inc., 2009.

SEC1 Logic and Sets 3 Credits (2L)

Duration 2hrs Marks : 50( 35+15 ) 30Lectures

Course Learning Outcomes: This course will enable the students to:

i) Learn the syntax of first-order logic and semantics of first-order languages.



ii) Understand the propositional logic and basic theorems like compactness theorem, meta theorem and post-tautology theorem.
iii) Assimilate the concept of completeness interpretations and their applications with special emphasis on applications in algebra

UNIT-1

Introduction, propositions, truth table, negation, conjunction and disjunction. Implications, biconditional propositions, converse, contra positive and inverse propositions and
precedence of logical operators.

UNIT-2

Propositional equivalence: Logical equivalences. Predicates and quantifiers: Introduction, Quantifiers, Binding variables and Negations.

UNIT-3

Sets, subsets, Set operations and the laws of set theory and Venn diagrams. Examples of finite and infinite sets. Finite sets and counting principle. Empty set, properties of
empty set. Standard set operations. Classes of sets. Power set of a set.

UNIT-4

Difference and Symmetric difference of two sets. Set identities, Generalized union and intersections. Relation: Product set, Composition of relations, Types of relations,
Partitions, Equivalence Relations with example of congruence modulo relation, Partial ordering relations, nary relations.

Books Recommended

1.R.P. Grimaldi, Discrete Mathematics and Combinatorial Mathematics, Pearson Education, 1998.

2.P.R. Halmos, Naive Set Theory, Springer, 1974.

3.E. Kamke, Theory of Sets, Dover Publishers, 1950.

SEC2 Computer Graphics 3 Credits (2L)

Duration 2hrs Marks : 50( 35+15 ) 30Lectures

UNIT-1

Development of computer Graphics: Raster Scan and Random Scan graphics storages, displays processors and character generators, colour display techniques, interactive
input/output devices.

UNIT-2

Points, lines and curves: Scan conversion, line-drawing algorithms, circle and ellipse generation,

UNIT-3

Conic-section generation, polygon filling anti aliasing.

UNIT-4

Two-dimensional viewing: Coordinate systems, linear transformations, line and polygon clipping algorithms.

Books Recommended

1.D. Hearn and M.P. Baker, Computer Graphics, 2nd Ed., Prentice–Hall of India, 2004.



2.J.D. Foley, A van Dam, S.K. Feiner and J.F. Hughes, Computer Graphics: Principals and Practices, 2nd Ed., Addison-Wesley, MA, 1990.

3.D.F. Rogers, Procedural Elements in Computer Graphics, 2nd Ed., McGraw Hill Book Company, 2001.

4. D.F. Rogers and A.J. Admas, Mathematical Elements in Computer Graphics, 2nd Ed., McGraw Hill Book Company, 1990.
5.

SEC 3 Operating System: Linux 3 Credits (2L)

Duration 2hrs Marks : 50( 35+15 ) 30Lectures

UNIT-1

Linux – The Operating System: Linux history, Linux features, Linux distributions, Linux’s  relationship to Unix, Overview of Linux architecture,

UNIT-2

Installation, Start up scripts, system processes (an overview), Linux Security, The Ext2 and Ext3 File systems: General Characteristics of, The Ext3 File system, file
permissions.

UNIT-3

User Management: Types of users,  the powers of Root, managing users (adding and deleting): using the command line and GUI tools.

UNIT-4

Resource Management in Linux: file and directory management, system calls for files Process Management, Signals, IPC: Pipes, FIFOs, System V IPC, Message Queues,
system calls for processes, Memory Management, library and system calls for memory.

Books Recommended

1.Arnold Robbins, Linux Programming by Examples The Fundamentals, 2nd Ed., Pearson Education, 2008.

2.Cox K, Red Hat Linux Administrator’s Guide, PHI, 2009.

3.R. Stevens, UNIX Network Programming, 3rd Ed., PHI, 2008.

4.Sumitabha Das, Unix Concepts and Applications, 4th Ed., TMH, 2009.

5.Ellen Siever, Stephen Figgins, Robert Love, Arnold Robbins, Linux in a Nutshell, 6th Ed., O'Reilly Media, 2009.

6.Neil Matthew, Richard Stones, Alan Cox, Beginning Linux Programming, 3rd Ed., 2004.

SEC 4 Graph Theory 3 Credits (2L)

Duration 2hrs Marks : 50( 35+15 ) 30Lectures

Course Learning Outcomes: This course will enable the students to:

i) Appreciate the definition and basics of graphs along with types and their examples.

ii) Understand the definition of a tree and learn its applications to fundamental circuits.

iii) Know the applications of graph theory to network flows.

iv) Understand the notion of planarity and coloring of a graph.

v) Relate the graph theory to the real-world problems.



UNIT-1

Definition, examples and basic properties of graphs, pseudo graphs, complete graphs, bi‐partite graphs, isomorphism of graphs,

UNIT-2

Paths and circuits, Eulerian circuits, Hamiltonian cycles, the adjacency matrix,

UNIT-3

Weighted graph, travelling salesman’s problem, shortest path,

UNIT-4

Dijkstra’s algorithm, Floyd‐Warshall algorithm.

Books Recommended

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

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

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


