FOUR YEAR UNDERGRADUATE PROGRAMME (FYUGP)(Major)

GAUHATI UNIVERSITY

SUBJECT: MATHEMATICS
Syllabus: Version-I

Programme Code: MATO027

Programme Eligibility Semester | Course name | Course code credr | Credit distribution of the course | Pre-requisite of Internal External
name Criteria of ts the course (1f any) | marks Marks
the
programme,
if any Lecture | Tutorial | Practical
FYUGP in Nil 1 Classical MATO100104 | 4 4 0 0 Mathematics 1n 40 60
Mathematics Algebra 10+2 or
equivalent
standard
2 Calculus MAT0200104 | 4 4 0 0 Do 40 60
3 Ordinary MATO0300104 | 4 4 0 0 MATO020104 40 60
Differential
Equations
Abstract MAT0300204 4 1 0 0 Do 40 60
Algebra
4 Real MATO0400104 | 4 4 0 0 Mathematics 1n 40 60
analysis 10+2 or
equivalent
standard
Complex MAT0400204 | 4 3 0 1 Mathematics in Practical 45
Analysis-1I 10+2 or 25+Internal
(with equivalent 30
practical) standard
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Analytical MATO0400304 | 4 4 0 Do 40 60
Geometry
Number MATO0400404 | 4 4 0 Do 40 60
Theory-I
Multivariate MATO0500104 4 4 0 MAT0200104 40 60
Calculus
Theory of 4 4 0 MATO0400104 40 60
Real MATO0500204
Functions
Numerical 4 3 0 Mathematics in Practical 45
An'alysis-l MAT0500304 10+; or 25+Internal
(with equivalent 30
practical) standard
Linear MAT0600104 4 4 0 MAT0300204 40 60
Algebra
Partial 4 3 0 MATO0300104 Practical 45
Differential 25+Internal
Equations MATO0600204 30
(with
practical)
Metric MAT0600304 4 4 0 MAT0400104 40 60
Spaces
Mechanics 4 4 0 Mathematics in 40 60
MAT0600404 e
equivalent
standard
Honours/ Algebra MATO700104 | 4 4 0 MATO0500104 40 60
Honours with Real Analysis | MAT0700204 | 4 4 0 MATO0400104 & | 40 60
Research and Lebesgue MAT0500204
Measure
Complex MATO0700304 |4 4 0 MAT0400204 40 60

Analysis-11
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Differential | MAT0700404 | 4 4 0 0 MATO0300104 & 40 60
Equations MAT0600204
Research 4 4 0 0 Nil 4() 60
Meth[}d[}l{)gy MATO700504

Honours 3 Topology MATO800104 | 4 4 0 0 MAT0400104 40 60
Number MATO0800204 | 4 4 0 0 MAT0400404 40 60
Theory-11
Mechanics MATO0800304 | 4 4 0 0 MAT0600404 40 60
and Tensor
Calculus
Mathematical | MAT0800404 | 4 4 0 0 MAT0500304 40 60
Methods
Sen!mar/ MAT0800504 4 4 0 0 40 60
Project

Honours with 3 Dissertation MAT0R00116 16

Research
Serqmar/ MATO0800204 4 40 60
Project

Programme Specific Outcomes:

PSO1: Demonstrate mathematical ability effectively by oral, written, computational and graphical means.

PSO2: Measure the hypothesis, theories, techniques and proofs provisionally through analytic ability.

PSO3: Utilize mathematics to solve theoretical and applied/ real world problems by critical understanding, analysis and synthesis.

PS04: Develop a spirit of lifelong learning through continued education and research.
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SEMESTER-I
MATO0100104: Classical Algebra

Total Marks: 100 (External 60, Internal Assessment 40)
No. of Credits: 4
No. of Contact classes: 60

No. of Non-Contact classes: (
Prerequisites: Mathematics in 10+2 or equivalent standard

Course Outcomes:

The students who take this course will be able to:

CO1 Identify symmetric functions of the roots for cubic and biquadratic equations, solve cubic and biquadratic equations.

CO2 Recognize consistent and inconsistent systems of linear equations by the row echelon form of the augmented matrix and calculate the inverse and rank
of a matrix.

CO3 Classify and compute the nature of the roots of a given polynomial equation by Descartes’ rule

CO4  Express the basic concepts of exponential, logarithmic and hyperbolic functions of complex numbers.

COS Apply De Moivre’s theorem in a number of applications to solve numerical problems.

UNIT 1: Polar representation of complex number, De Moivre’s theorem (both integral and rational index), Roots of complex numbers, n'" roots of unity,
Application of De Moivre’s Theorem, Exponential and logarithmic functions of complex numbers, Hyperbolic functions.

[1] Chapter 2 (Sections 2.7-2.13, 2.16)

(No. of classes: 20, Marks: 20)
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UNIT 2:Algebraic equations: Deduction from Fundamental Theorem of Classical Algebra, Descartes’ rule of signs, relation between roots and coefficients of
a polynomial equation of degree n, symmetric functions of roots, Transformation of equations, Cardon’s method of solution of a cubic equation, Euler’s method
of solution of a biquadratic equation.

[1] Chapter 5; Theorem 5.1.1, Theorem 5.2.1, Section 5.3 - 5.6, 5.11,5.12.
(No. of classes: 20, Marks: 20)

UNIT 3: Matrix Algebra, Addition, Transposition, Symmetry, Multiplication of matrices and their properties, Matrix inversion and properties, Row Echelon
form and Rank of a matrix, Reduced row Echelon form, Consistency of linear systems, Solutions of system of homogeneous linear equations with number of
equations and unknowns up to four.

[2] Chapter 3 (Sections 3.2, 3.5, and 3.7) Chapter 2 (Sections 2.1 to 2.4)

(No. of classes: 20, Marks: 20)
Text Books:

1. Mappa, S.K., Higher Algebra (Classical), Revised 8" Edition, 2011, Levant Books.
2. Meyer, Carl D. (2000). Matrix Analysis and Applied Linear Algebra. Society for Industrial and Applied Mathematics (Siam).
Reference Books:

1. Dickson, Leonard Eugene (2009). First Course in The Theory of Equations. The Project Gutenberg eBook (http://www.gutenberg.org/ebooks/25785)

2. Gilbert, William J., & Vanstone, Scott A. (1993). Classical Algebra (3rd ed.). Waterloo Mathematics Foundation, Canada.
3. Titu Andreescu and Dorin Andrica, Complex Numbers from A to Z, Birkhauser,2006.

SEMESTER-1
SEC0100103: C Programming
Total Marks: 75 (Theory 30, Practical 25, Internal-20)
No of Credit: 3(2+1)
No of Contact hours: 2 Lectures 1 Practical.

Course Objectives: This course introduces C programming in the idiom and context of mathematics and imparts a starting orientation using available
mathematical libraries, and their applications.
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Course Learning Outcomes: After completion of this paper, student will be able to:
1) Understand and apply the programming concepts of C which 1s important to mathematical investigation and problem solving.

11) Learn about structured data-types in C and learn about applications in factorization of an integer and understanding Cartesian geometry and Pythagorean
triples.

111) Use of containers and templates in various applications 1n algebra.
1v) Use mathematical libraries for computational objectives.
v) Represent the outputs of programs visually in terms of well formatted text and plots.

v1) In practical students learn about the roots of a quadratic equation, solution of an equation using N-R algorithm.

Unit 1: Variables, constants, variable declaration, initialization, basic data types, operators and expression (arithmetic, relational, logical, assignment,
conditional, increment and decrement), hierarchy of operations for arithmetic operators, size of and comma operator, mixed mode operation and automatic

(implicit) conversion, cast (explicit) conversion, library functions, structure of a C program, input/output functions and statements.
No of contact hours: 10

Unit 2: Control Statements: 1f-else statement (including nested if-else statement), switch statement. Loop control Structures (for and nested for, while and

do-while). Break, continue, go to statements, exit function. No of contact hours: 10

Unit 3: Arrays and subscripted variables: One dimensional array declaration, accessing values in an array, initializing values in an array, sorting of

numbers in an array, addition and multiplication of matrices with the help of array. No of contact hours: 10

Programmes for practical:
To find roots of a quadratic equation, value of a piecewise defined function (single variable), factorial of a given positive integer, Fibonacci numbers, square
root of a number, cube root of a number, sum of different algebraic and trigonometric series, a given number to be prime or not, sum of the digits of any given
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positive integer, solution of an equation using N-R algorithm, reversing digits of an integer. Sorting of numbers in an array, to find addition, subtraction and
multiplication of matrices.
[1] Chapters 3, 4,5, 6,7 and 9 No of contact hours: 15

Text Book:
1. T.Jeyapoovan, A First Course in Programming with C T. Jeyapoovan, Vikash Publishing House Pvt.Ltd.
Reference books:

1. E. Balaguruswamy, Programming with C, Schaum Series.
2. Y. Kanetkar, Let us C, B.P. Publication.

SEMESTER-II
MAT0200104: Calculus
Total Marks: 100 (External: 60, Internal Assessment 40)
No. of Credits: 4
No. of Contact classes: 60
No. of Non-Contact classes: (
Prerequisites: Mathematics in 10+2 or equivalent standard

Course Outcomes: The students who take this course will be able to:

CO1 Describe asymptotic behavior in terms of limits involving infinity.
CO2 Recognize function of two variables and operate the partial derivatives.
CO3  Express continuity and differentiability in terms of limits.

CO4  Calculate integrations which can be solved by reduction formula

CO5 Use the mean value theorems.

UNIT 1: Limits and continuity of a function including different approaches, Properties of continuous functions including Intermediate value theorem.

(3 scanned with OKEN Scanner



[1] Chapter 1
(No. of classes: 15, Marks: 15)

UNIT 2: (a) Differentiability, Successive differentiation, Leibnitz theorem, Recursion formulae for higher derivatives.

n n m

(b) Reduction formulae, derivations and illustrations of reduction formulae of the type | sinn x dx, Jcos xdx, Jtan xdx, | secn x dx. | (log x)n dx, fsinﬂ X COS
X dx.
[2] Chapter 5(for part (a))
[3] Chapter 4 (4.1-4.6) (only for part (b))
(No. of classes: 15, Marks: 15)

UNIT 3: Rolle’s theorem, Lagrange’s mean value theorem with geometrical interpretations and simple applications, Maclaurin and Taylor polynomials and

their sigma notations. Taylor’s formula with remainder, Introduction to Maclaurin and Taylor series.

[ 1] Chapter 9 (Sections 9.8 and 9.9 (without ‘convergence’ part))
[2] Chapter 6
(No. of classes: 15, Marks: 15)

UNIT 4: Functions of two or more variables, Partial differentiation up to second order, Euler’s theorem on homogeneous functions
1] Chapter 13 (Sections 13.1 and 13.3)

2] Chapter 10(10.81)

(No. of classes: 15, Marks: 15)

Text books:
[1] Anton, Howard, Bivens, Irl, & Davis, Stephen (2013). Calculus (10th ed.). John Wiley & Sons Singapore Pte. Ltd. Reprint (2016) by Wiley India Pvt. Ltd.
Delhi
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[2] Shant1 Narayan and P.K. Mittal, Differential Calculus, S. Chand, 2005
[3] Shant1 Narayan and P.K. Mittal, Integral Calculus, S. Chand, 2007.

Reference book:
[1] Thomas, Jr. George B., Weir, Maurice D., & Hass, Joel (2014). Thomas’ Calculus (13" ed). Pearson Education, Delhi. Indian Reprint 2017.

SEMESTER-2
SEC02006803: LaTeX

Total marks: 75 (Theory 45, Practical 30)
No of Credit: 3 (2+1)
Contact hour class: 2 Lectures, 1 Practical

Course Objectives: The purpose of this course 1s to acquaint students with the latest type setting skills, which shall enable them to prepare high
quality typesetting, beamer presentation.

Course Learning Outcomes: After studying this course, the student will be able to:

i) Create and typeset a LaTeX document.
ii) Typeset a mathematical document using LaTeX.
iii) Learn about pictures and graphics in LaTeX.

iv) Create beamer presentations.

Unit 1: Elements of LaTeX; Hands-on-training of LaTeX No of contact hours: 10

Unit-2: Graphics in LaTeX; PS Tricks No of contact hours: 10
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Unit-3: Beamer presentation No of contact hours: 10

[1] Chapter 9, [1,2] Chapter 10, |3] Chapter 11.

Practical: At least six practicals should be done by each student. The teacher can assign practical from the exercises from [1] No of
contact hours: 15

Text Book:

1. Martin J. Erickson and Donald Bindner, A Student's Guide to the Study, Practice, and Tools of Modern Mathematics, CRC Press, Boca
Raton, FL, 2011.

Reference Book:

1. L. Lamport, LATEX: A Document Preparation System, User’s Guide and Reference Manual. Addison- Wesley, New York, second edition,
1994

SEMESTER-III
MAT0300104: Ordinary Differential Equations
Total Marks: 100 (External 60, Internal Assessment 40)
No. of Credits: 4
No. of Contact classes: 60

No. of Non-Contact classes: ()
Prerequisites: MAT0200104

Course Outcomes:

COl Identify 1°' order ordinary differential equations like exact first order differential
equations, Bernoulli equations and rules of finding integrating factors of exact equations.

(3: Scanned with OKEN Scanner



CO2 Recognize the second order differential equations like homogenous equations with constant coefficients equations, non-
homogenous equations and Cauchy-Euler equations

CO3 Solve first order and second order differential equations
CO4 Calculate Wronskian and show its properties.
COS5 Use the method of undetermined coefficients, variation of parameters.

UNIT 1: First Order Ordinary Differential Equations

Classification of differential equations; their origin and application. Solutions. First order exact differential equation. Integrating factors, Rules to find an
Integrating factor.

[1] Chapter 1(Sections 1.1and 1.2) Chapter 2 (Sections 2.1, 2.2 and 2.4)

Linear equations and Bernoulli equations. Basic theory of higher order linear differential equations. Solving differential equation by reducing its order.
Wronskian and its properties.

[1] Chapter 2 (Section 2.3), Chapter 4 (Sections 4.1 and 4.6)

(No. of classes: 30, Marks: 30)

UNIT 2: Second Order Linear Differential Equations

Linear homogenous equations with constant coefficients. Linear non- homogenous equations; the method of undetermined coefficients, the method of Variation

of Parameters. The Cauchy-Euler equations.
[1] Chapter 4 (Sections 4.2,4.3, 4.4 and 4.5)
(No. of classes: 30, Marks: 30)

Text Book:
[1] Ross, Shepley L. (1984). Differential Equations (3" Ed.), John Wiley & Sons.Inc.

Reference Book:

1. Kreyszig, Erwin (2011). Advanced Engineering Mathematics(10™ ed.).John Wiley & Sons, Inc. Wiley India Edition 2015.
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MAT0300204: Abstract Algebra
Total Marks: 100 (External 60, Internal Assessment 40)
No. of Credits: 4
No. of Contact classes: 60
No. of Non-Contact classes: (
Prerequisites: Mathematics in 10+2 or equivalent standard

Course Outcomes:

COl Recognize the mathematical objects called group, ring and fields.

CO2 Associate the fundamental concepts of groups and symmetries of geometrical objects.

CO3 Explain the significance of the notion of Permutation groups, cosets, cyclic groups, normal subgroups, factor groups.
CO4 Analyse consequences of Lagrange’s theorem and Fermat’s Little theorem.

CO5 Describe structure preserving mappings between groups and their consequences.

CO6 Describe the fundamental concepts in ring theory such as of the subrings, integral domains, 1deals, factor rings and fields.

Unit 1: Definition and examples of groups, Elementary properties of groups, Symmetries of a square, Dihedral groups, order of a group, Order of an element

In a group, Subgroups, Subgroup Tests, Subgroup generated by an element of a group, Centre of a group, Centralizer of an element in a group, Cyclic groups,
Properties of cyclic groups, Fundamental theorem of cyclic groups.

[1] Chapter 1 to Chapter 4.

(No. of classes: 15, Marks: 15)

Unit 2: Permutations, Permutation group, Properties of permutations, Even and odd permutations, Alternating groups, Cosets, Properties of cosets, Lagrange’s
Theorem, Fermat’s Little Theorem, Normal subgroups, Factor groups.

[1] Chapter 5 (up to theorem 5.7), Chapter 7 (up to theorem 7.2), Chapter 9 (up to theorem 9.2)

(No. of classes: 15, Marks: 15)
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Unit 3: [somorphism of groups, Cayley’s Theorem, Properties of isomorphism, Group homomorphism, Kernal of a group homomorphism, Properties of group
homomorphism, First isomorphism Theorem of groups.

[1] Chapter 6 (up to theorem 6.3), Chapter 10 (up to theorem 10.4).

(No. of classes: 15, Marks: 15)

Unit 4: Rings, Examples of rings, Properties of rings, Subrings, Zero-Divisors in a ring, Integral domains, Fields, Characteristic of a ring, Ideals, Ideal Test,
Factor rings, Prime ideals and maximal i1deals of a ring.

[1] Chapter 12 to Chapter 14.

(No. of classes: 15, Marks: 15)

Text Books:

1. Gallian Joseph A., Contemporary Abstract Algebra ( 8" Edition) , Cengage Learning India Private limited, Delhi, Fourth impression, 2015.
Online link: https://ict.uitk.ac.in/wp-content/uploads/CS203-Mathematics-for-Computer-Science-I11-Gallian. pdf

Reference Books:

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

2. John B. Fraleigh, 4 First course in Abstract Algebra, 7" Edition, Pearson, 2002.

3. G. Santhanam. Algebra, Narosa Publishing House, 2017.

SEMESTER-3
SEC0316303: Computer Algebra Systems and Related Software
Total marks:75 (External 45, Practical 30)
No of Credits 3(2+1)
No of contact classes: (2: Lectures, 1 Practical)
No of noncontact classes: 0

Course Objectives: This course aims at familiarizing students with the usage of mathematical software
(Mathematica/MATLAB/Maxima/Maple) and the statistical software R. The basic emphasis 1s on plotting and
working with matrices using CAS. Data entry and summary commands will be studied in R. Graphical
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representation of data shall also be explored.

Course Outcomes: This course will enable the students to:

(1) Use of software; Mathematica/MATLAB/Maxima/Maple, etc. as a calculator, for plotting functions and animations.

(1)  Use of CAS for various applications of matrices such as solving system of equations and finding
eigenvalues and eigen vectors.

(iif) Understand the use of the statistical software R as calculator and learn to read and get data into R.
(1v) Apply R in summary calculation, pictorial representation of data and exploring relationship
between data.

(v) Analyze, test, and interpret technical arguments on the basis of geometry

Unit 1: Introduction to CAS and Applications:

Computer Algebra System (CAS), Use of a CAS as a calculator, Computing and plotting functions in 2D,
plotting functions of two variables using Plot 3 D and Contour Plot, plotting para metric curves surfaces,

customizing plots, animating plots, producing tables of values, working with piecewise defined functions,
Combining graphics.

[ 1] Chapter 12 (Sections 12.1 to 12.5)

2.

Chapterl, and Chapter 3 (Sections 3.1to 3.6, and 3.8) Chapter 6(Sections 6.2 and 6.3) (No. of classes: 15)

Unit 2: Working with Matrices:

Simple programming in a CAS, working with matrices, addition, subtraction, multiplication of matrices,
Minors and cofactors, working with 3x3 matrices, Solving system of linear equations of three variables.
[2] Chapter7(Sections7.1t07.8) (No. of classes: 15)

Practical:
Six practicals should be done by each student. The teacher can assign practical from the exercises from [1,2].

(No. of classes: 15)
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Text Book:
1. Bindner, Donald & Erickson, Martin. (2011). 4 Student’s Guide to the Study, Practice, and Tools of Modern

Mathematics. CRC Press, Taylor & Francis Group, LLC.

2. Torrence, Bruce F., & Torrence, Eve A. (2009). The Student’s Introduction to Mathematica. A Handbook for
Precalculus, Calculus and Linear Algebra (2nd ed.). Cambridge University Press

SEMESTER-1IV
MAT0400104: Real analysis
Total Marks: 100 (External60, Internal Assessment 40)
No. of Credits: 4
No. of Contact classes: 60
No. of Non-Contact classes: (
Prerequisites: Mathematics in 10+2 or equivalent standard

Course Outcomes:

COl [dentify the properties of the real line R, including completeness and Archimedean properties.

CO2 Define sequences in terms of functions from N to a subset of R,

CO3 Recognize bounded, convergent, divergent, Cauchy and monotonic sequences and to calculate their limit superior, limit inferior, and
the limit of a bounded sequence.

CO4 Distinguish alternating series and infer absolute convergence of an infinite series of real numbers.

CO5 Apply limit comparison tests for convergence, the ratio, root, Raabe’s, integral tests for convergence of an infinite series of real

numbers.
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UNIT 1: Algebraic and order properties of R, absolute value and real line, bounded sets, supremum and infimum, completeness property of R, the
Archimedean property, the density theorem, intervals, Nested interval theorem, uncountability of R.

[1] Chapter 2

(No of classes: 15, Marks: 15)

UNIT 2: Real sequences, limit of a sequence, convergent sequence, bounded sequence, limit theorems, monotone sequences, monotone
convergence theorem, subsequences, monotone subsequence theorem, Bolzano Weierstrass theorem for sequences, Cauchy sequences, Cauchy’s
convergence criterion, properties of divergence sequences.

[1] Chapter 3

(No of classes: 20, Marks: 20)

UNIT 3: Infinite series, convergence and divergence of infinite series, Cauchy criterion, Tests for convergence: comparison test, limit comparison
test, ratio test, root test, integral test, Raabes’s test, Absolute convergence, rearrangement theorem, alternating series, Leibniz test, conditional (non-
absolute) convergence.

[1] Chapter 3: Section: 3.7, Chapter 9: Sections: 9.1-9.3.

(No of classes: 25, Marks: 25)

Text Book:
1. R.G. Bartle and D.R. Sherbert, Introduction to Real Analysis, 3" Ed., John Wiley and Sons, 2002.
Reference Books:
1. Gerald G. Bilodeau, Paul R. Thie, G.E. Keough, An Introduction to Analysis, Jones &Bartlett, Second Edition, 2010.
2. A. Kumar and S. Kumaresan, Basic Course in Real Analysis, CRC Press, 2014.
3. K.A. Ross, Elementary Analysis: The Theory of Calculus, Undergraduate Texts in Mathematics, Springer (SIE), Indian reprint,
2004.
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SEMESTER-IV
MAT0400204: Complex Analysis-I (with practical)
Total Marks: 100
(External:45, Practical 25, Internal Assessment:30)
No. of Credits: 4 (Theory 3, Practical 1)
No. of Contact classes: 735 (45+30%1)
No. of Non-Contact classes: (
Prerequisites: Knowledge on
e complex number system as the extension of real number system
e Algebra of complex numbers.
e Properties of complex number.
e Modulus, argument and geometrical representation of complex numbers
Course Outcomes:
COI List some elementary functions and evaluate the contour integrals.
CO2 State Cauchy—Goursat theorem and the Cauchy integral formula
CO3 Discuss the differentiability of complex functions
CO4  Explain the concept of Cauchy-Riemann equations.

COS Apply Cauchy-Riemann equations, Cauchy—Goursat theorem and the Cauchy integral formula.

UNIT1: Functions of complex variable, mappings, limits, theorems on limits, limits involving point at infinity, continuity. Derivatives, rules for differentiation,

Cauchy-Riemann equations, sufficient conditions for differentiability, polar co-ordinates.
[1]: Chapter 2(Section 13, 14, 15,16,17, 18,19,20, 21,22.23.24)
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