BMATH102: Algebra
Course Objectives: The primary objective of this course is to introduce the basic tools of
theory of equations, complex numbers, number theory and matrices to understand their
connection with the real-world problems. Perform matrix algebra with applications to
computer graphics.
Course Learning Outcomes: This course will enable the students to:
i) Employ De Moivre’s theorem in a number of applications to solve numerical
problems.
ii)
Learn about equivalent classes and cardinality of a set.
iii)
Use modular arithmetic and basic properties of congruences.
iv)
Recognize consistent and inconsistent systems of linear equations by the row echelon
form of the augmented matrix.
v)
Find eigenvalues and corresponding eigenvectors for a square matrix.
Teaching Plan
Weeks 1 and 2: Polynomials, The remainder and factor theorem, Synthetic division, Factored form of
a polynomial, Fundamental theorem of algebra, Relations between the roots and the coefficients of
polynomial equations, Theorems on imaginary, integral and rational roots.
[2] Chapter II (Sections 12 to 16, 19 to 21, 24 and 27, Statement of the Fundamental theorem
of algebra).
Weeks 3 and 4: Polar representation of complex numbers, De Moivre’s theorem for integer and
rational indices and their applications, The nth roots of unity.
[1] Chapter 2 [Section 2.1(2.1.1 to 2.1.3), Section 2.2 (2.2.1, 2.2.2 (up to Page 45, without
propositions), 2.2.3].
Weeks 5 and 6. Equivalence relations, Functions, Composition of functions, Invertibility and inverse
of functions, One-to-one correspondence and the cardinality of a set.
[3] Chapter 2 (Section 2.4 (2.4.1 to 2.4.4)), and Chapter 3.
Weeks 7 and 8: Well ordering principle, The division algorithm in ℤ, Divisibility and the Euclidean
algorithm, Modular arithmetic and basic properties of congruences, Statements of the fundamental
theorem of arithmetic and principle of mathematical induction.
[3] Chapter 4 [Sections 4.1 (4.1.2,4.1.5,4.1.6), 4.2 (4.2.1 to 4.2.11, up to problem 11), 4.3
(4.3.7 to 4.3.9), 4.4 (4.4.1 to 4.4.8)], and Chapter 5 (Section 5.1.1).
Weeks 9 and 10: Systems of linear equations, Row reduction and echelon forms, Vector equations,
The matrix equation Ax = b, Solution sets of linear systems, The inverse of a matrix.
[5] Chapter 1 (Sections 1.1 to 1.5) and Chapter 2 (Section 2.2).
Week 11 and 12: Subspaces, Linear independence, Basis and dimension, The rank of a matrix and
applications.
[4] Chapter 6 (Sections 6.2, 6.3, 6.4, and 6.6).
Weeks 13: Introduction to linear transformations, Matrix of a linear transformation; Applications to
computer graphics.
[5] Chapter 1 (Sections 1.8 and 1.9), and Chapter 2 (Section 2.7).
Week 14: Eigenvalues and eigenvectors, The characteristic equation and CayleyHamilton theorem.
[5] Chapter 5 (Sections 5.1 and 5.2, Supplementary Exercises 5 and 7, Page 328).

Facilitating the Achievement of Course Learning Outcomes
Course Learning Outcomes
Unit
No.
1.
Employ De Moivre’s theorem in a
number of applications to solve
numerical problems.

Teaching and Learning
Activity
(i) Each topic to be explained
with examples.
(ii) Students to be involved in

Assessment Tasks
 Student
presentations.

2.
3.
4.

Learn about equivalent classes and
cardinality of a set.
Use modular arithmetic and basic
properties of congruences.
Recognize consistent and
inconsistent systems of linear
equations by the row echelon form
of the augmented matrix.
Find eigenvalues and corresponding
eigenvectors for a square matrix.

discussions and encouraged
to ask questions.
(iii) Students to be given
homework/assignments.
(iv) Students to be encouraged
to give short presentations.

 Participation in
discussions.
 Assignments and
class tests.
 Mid-term
examinations.
 End-term
examinations.

References:
1. Andreescu, Titu & Andrica Dorin. (2014). Complex Numbers from A to...Z. (2nd ed.).
Birkhäuser.
2. Dickson, Leonard Eugene (2009). First Course in the Theory of Equations. The
Project Gutenberg EBook (http://www.gutenberg.org/ebooks/29785)
3. Goodaire, Edgar G., & Parmenter, Michael M. (2005). Discrete Mathematics with
Graph Theory (3rd ed.). Pearson Education Pvt. Ltd. Indian Reprint 2015.
4. Kolman, Bernard, & Hill, David R. (2001). Introductory Linear Algebra with
Applications (7th ed.). Pearson Education, Delhi. First Indian Reprint 2003.
5. Lay, David C., Lay, Steven R., & McDonald, Judi J. (2016). Linear Algebra and its
Applications (5th ed.). Pearson Education.
Additional Readings:
i.
Andrilli, Stephen, & Hecker, David (2016). Elementary Linear Algebra (5th ed.).
Academic Press, Elsevier India Private Limited.
ii.
Burton, David M. (2012). Elementary Number Theory (7th ed.). McGraw-Hill
Education Pvt. Ltd. Indian Reprint.

BMATH203: Real Analysis
Course Objectives: The course will develop a deep and rigorous understanding of real line
ℝ. and of defining terms to prove the results about convergence and divergence of sequences
and series of real numbers. These concepts have wide range of applications in real life
scenario.
Course Learning Outcomes: This course will enable the students to:
i)
Understand many properties of the real line ℝ, including completeness and
Archimedean properties.
ii)
Learn to define sequences in terms of functions from ℕ to a subset of ℝ.
iii)
Recognize bounded, convergent, divergent, Cauchy and monotonic sequences and to
calculate their limit superior, limit inferior, and the limit of a bounded sequence.
iv)
Apply the ratio, root, alternating series and limit comparison tests for convergence
and absolute convergence of an infinite series of real numbers.
Teaching Plan
Weeks 1 and 2: Algebraic and order properties of ℝ. Absolute value of a real number; Bounded
above and bounded below sets, Supremum and infimum of a nonempty subset of ℝ.
[1] Chapter 2 [Sections 2.1, 2.2 (2.2.1 to 2.2.6) and 2.3 (2.3.1 to 2.3.5)]
Weeks 3 and 4: The completeness property of ℝ, Archimedean property, Density of rational
numbers in ℝ, Definition and types of intervals, Nested intervals property; Neighborhood of a point in
ℝ, Open and closed sets in ℝ.
[1] Sections 2.3 (2.3.6), 2.4 (2.4.3 to 2.4.9), and 2.5 up to Theorem 2.5.3.
[1] Chapter 11 [Section 11.1 (11.1.1 to 11.1.3)].
Weeks 5 and 6: Sequences and their limits, Bounded sequence, Limit theorems.
[1] Sections 3.1, 3.2.
Week 7: Monotone sequences, Monotone convergence theorem and applications.
[1] Section 3.3.
Week 8: Subsequences and statement of the BolzanoWeierstrass theorem. Limit superior and limit
inferior for bounded sequence of real numbers with illustrations only.
[1] Chapter 3 [Section 3.4 (3.4.1 to 3.4.12), except 3.4.4, 3.4.7, 3.4.9 and 3.4.11].
Week 9: Cauchy sequences of real numbers and Cauchy’s convergence criterion.
[1] Chapter 3 [Section 3.5 (3.5.1 to 3.5.6)].
Week 10: Convergence and divergence of infinite series, Sequence of partial sums of infinite series,
Necessary condition for convergence, Cauchy criterion for convergence of series.
[3] Section 8.1.
Weeks 11 and 12: Tests for convergence of positive term series: Integral test statement and
convergence of p-series, Basic comparison test, Limit comparison test with applications,
D’Alembert’s ratio test and Cauchy’s nth root test.
[3] Chapter 8 (Section 8.2 up to 8.2.19).
Weeks 13 and 14: Alternating series, Leibniz test, Absolute and conditional convergence.
[2] Chapter 6 (Section 6.2).

Facilitating the Achievement of Course Learning Outcomes
Unit
No.
1. &
2.

Course Learning Outcomes
Understand many properties of the real
line ℝ including, completeness and
Archimedean properties.

Teaching and Learning
Activity
(i) Each topic to be
explained with
examples.

Assessment Tasks
 Presentations and
participation in

3.

4.

Learn to define sequences in terms of
functions from ℕ to a subset of ℝ.
Recognize bounded, convergent,
divergent, Cauchy and monotonic
sequences and to calculate their limit
superior, limit inferior, and the limit of
a bounded sequence.
Apply the ratio, root, alternating series
and limit comparison tests for
convergence and absolute convergence
of an infinite series of real numbers.

(ii) Students to be involved
in discussions and
encouraged to ask
questions.
(iii) Students to be given
homework/assignments.
(iv) Students to be
encouraged to give short
presentations.
(v) Illustrate the concepts
through CAS.

discussions.
 Assignments and
class tests.
 Mid-term
examinations.
 End-term
examinations.

References:
1. Bartle, Robert G., & Sherbert, Donald R. (2015). Introduction to Real Analysis (4th
ed.). Wiley India Edition. New Delhi.
2. Bilodeau, Gerald G., Thie, Paul R., & Keough, G. E. (2010). An Introduction to
Analysis (2nd ed.). Jones & Bartlett India Pvt. Ltd. Student Edition. Reprinted 2015.
3. Denlinger, Charles G. (2011). Elements of Real Analysis. Jones & Bartlett India Pvt.
Ltd. Student Edition. Reprinted 2015.
Additional Readings:
ii. Ross, Kenneth A. (2013). Elementary Analysis: The Theory of Calculus (2nd ed.).
Undergraduate Texts in Mathematics, Springer. Indian Reprint.
iii. Thomson, Brian S., Bruckner, Andrew. M., & Bruckner, Judith B. (2001). Elementary
Real Analysis. Prentice Hall.

GE-2: Linear Algebra
Course Objectives: The objective of the course is to introduce the concept of vectors in ℝn. The
concepts of linear independence and dependence, rank and linear transformations has been
explained through matrices. Various applications of vectors in computer graphics and
movements in a plane has also been introduced.
Course Learning Outcomes: This course will enable the students to:
i)
Visualize the space ℝn in terms of vectors and the interrelation of vectors with
matrices, and their application to computer graphics.
ii)
Familiarize with concepts in vector spaces, namely, basis, dimension and minimal
spanning sets.
iii)
Learn about linear transformations, transition matrix and similarity.
iv)
Learn about orthogonality and to find approximate solution of inconsistent system of
linear equations.
Teaching Plan
Week 1: Fundamental operation with vectors in Euclidean space ℝn, Linear combination of vectors, dot
product and their properties, Cauchy–Schwarz inequality, Triangle inequality, Projection vectors.
[1] Chapter 1 (Sections 1.1 and 1.2).
Week 2: Some elementary results on vectors in ℝn; Matrices: Gauss–Jordan row reduction, Reduced
row echelon form, Row equivalence, Rank.
[1] Chapter 1 [Section 1.3 (Pages 34 to 44)].
[1] Chapter 2 [Sections 2.2 (up to Page 111), 2.3 (up to Page 122, Statement of Theorem 2.5)].
Week 3: Linear combination of vectors, Row space, Eigenvalues, Eigenvectors, Eigenspace,
Characteristic polynomials, Diagonalization of matrices.
[1] Chapter 2 [Section 2.3 (Pages 122-132, Statements of Lemma 2.8, Theorem 2.9)], Chapter 3
(Section 3.4).
Week 4: Definition and examples of vector spaces, Some elementary properties of vector spaces.
[1] Chapter 4 (Section 4.1).
Week 5 and 6: Subspace, Span, Spanning set for an eigenspace, Linear independence and dependence,
Basis and dimension of a vector space, Maximal linearly independent sets, Minimal spanning sets.
[1] Chapter 4 (Sections 4.2 to 4.5, Statements of technical Lemma 4.10 and Theorem 4.12).
Week 7: Application of rank: Homogenous and non-homogenous systems of linear equations;
Coordinates of a vector in ordered basis, Transition matrix.
[2] Chapter 6 [Sections 6.6 (Pages 287 to 291), and 6.7 (Statement of Theorem 6.15 and
examples)].
Week 8: Linear transformations: Definition and examples, Elementary properties.
[1] Chapter 5 (Section 5.1).
Week 9: The matrix of a linear transformation, Linear operator and similarity.
[1] Chapter 5 [Section 5.2 (Statements of Theorem 5.5 and Theorem 5.6)].
Week 10: Application: Computer graphics, Fundamental movements in a plane, Homogenous
coordinates, Composition of movements.
[1] Chapter 8 (Section 8.8).
Week 11: Kernel and range of a linear transformation, Statement of the dimension theorem and
examples.
[1] Chapter 5 (Sections 5.3).
Week 12: One to one and onto linear transformations, Invertible linear transformations, isomorphism,
isomorphic vector spaces (to ℝn).
[1] Chapter 5 [Sections 5.4, 5.5 (up to Page 378, Statements of Theorem 5.15, and Theorem
5.16)]
Week 13 and 14: Orthogonal and orthonormal vectors, orthogonal and orthonormal bases, orthogonal
complement, statement of the projection theorem and examples. Orthogonal projection onto a subspace.

Application: Least square solutions for inconsistent systems, non-unique least square solutions.
[1] Chapter 6 [Sections 6.1 (up to Example 3, Page 416, Statement of Theorem 6.3), 6.2 (up to
Page 435, and Pages 439 to 443, and Statement of Theorem 6.12)].
[1] Chapter 8 [Section 8.9 (up to Page 593, Statement of Theorem 8.13).

Facilitating the Achievement of Course Learning Outcomes
Unit
No.
1.

2.
3.

Course Learning Outcomes
Visualize the space ℝn in terms of
vectors and the interrelation of
vectors with matrices, and their
application to computer graphics.
Familiarize with concepts in vector
spaces, namely, basis, dimension and
minimal spanning sets.
Learn about linear transformations,
transition matrix and similarity.
Learn about orthogonality and to find
approximate solution of inconsistent
system of linear equations.

Teaching and Learning
Activity
(i) Each topic to be explained
with examples.
(ii) Students to be involved
in discussions and
encouraged to ask
questions.
(iii) Students to be given
homework/assignments.
(iv) Students to be
encouraged to give short
presentations.

Assessment Tasks
 Student
presentations.
 Participation in
discussions.
 Assignments and
class tests.
 Mid-term
examinations.
 End-term
examinations.

References:
1. Andrilli, S., & Hecker, D. (2016). Elementary Linear Algebra (5th ed.). Elsevier India.
2. Kolman, Bernard, & Hill, David R. (2001). Introductory Linear Algebra with
Applications (7th ed.). Pearson Education, Delhi. First Indian Reprint 2003.
Additional Reading:
ii. Lay, David C., Lay, Steven R., & McDonald, Judi J. (2016). Linear Algebra and its
Applications (5th ed.). Pearson Education.

BMATH409: Riemann Integration & Series of Functions
Course Objectives: To understand the integration of bounded functions on a closed and
bounded interval and its extension to the cases where either the interval of integration is
infinite, or the integrand has infinite limits at a finite number of points on the interval of
integration. The sequence and series of real valued functions, and an important class of series
of functions (i.e., power series).
Course Learning Outcomes: The course will enable the students to:
i)
Learn about some of the classes and properties of Riemann integrable functions, and
the applications of the Fundamental theorems of integration.
ii)
Know about improper integrals including, beta and gamma functions.
iii)
Learn about Cauchy criterion for uniform convergence and Weierstrass M-test for
uniform convergence.
iv)
Know about the constraints for the inter-changeability of differentiability and
integrability with infinite sum.
v)
Approximate transcendental functions in terms of power series as well as,
differentiation and integration of power series.
Teaching Plan
Week 1: Definition of Riemann integration, Inequalities for upper and lower Darboux sums.
[4] Chapter 6 [Section 32 (32.1 to 32.4)].
Week 2: Necessary and sufficient conditions for the Riemann integrability, Definition of Riemann
integration by Riemann sum and equivalence of the two definitions.
[4] Chapter 6 [Section 32 (32.5 to 32.10)].
Week 3: Riemann integrability of monotone functions and continuous functions, Algebra and
properties of Riemann integrable functions.
[4] Chapter 6 [Section 33 (33.1 to 33.6)].
Week 4: Definitions of piecewise continuous and piecewise monotone functions and their Riemann
integrability, Intermediate value theorem for integrals.
[4] Chapter 6 [Section 33 (33.7 to 33.10)].
Week 5: First and second fundamental theorems of integral calculus, and the integration by parts.
[4] Chapter 6 [Section 34 (34.1 to 34.3)].
Week 6: Improper integrals of Type-I, Type-II and mixed type.
[2] Chapter 7 [Section 7.8 (7.8.1 to 7.8.18)].
Week 7: Convergence of beta and gamma functions, and their properties.
[3] Pages 405-408.
Week 8: Definitions and examples of pointwise and uniformly convergent sequence of functions.
[1] Chapter 8 [Section 8.1 (8.1.1 to 8.1.10)].
Week 9: Motivation for uniform convergence by giving examples, Theorem on the continuity of the
limit function of a sequence of functions.
[1] Chapter 8 [Section 8.2 (8.2.1 to 8.2.2)].
Week 10: The statement of the theorem on the interchange of the limit function and derivative, and its
illustration with the help of examples, The interchange of the limit function and integrability of a
sequence of functions.
[1] Chapter 8 [Section 8.2 (Theorems 8.2.3 and 8.2.4)].
Week 11: Pointwise and uniform convergence of series of functions, Theorems on the continuity,
derivability and integrability of the sum function of a series of functions.
[1] Chapter 9 [Section 9.4 (9.4.1 to 9.4.4)].
Week 12: Cauchy criterion for the uniform convergence of series of functions, and the Weierstrass
M-test for uniform convergence.
[2] Chapter 9 [Section 9.4 (9.4.5 to 9.4.6)].
Week 13: Definition of a power series, Radius of convergence, Absolute and uniform convergence of
a power series.

[4] Chapter 4 (Section 23).
Week 14: Differentiation and integration of power series, Statement of Abel's theorem and its
illustration with the help of examples.
[4] Chapter 4 [Section 26 (26.1 to 26.6)].

Facilitating the Achievement of Course Learning Outcomes
Unit
No.
1.

2.
3.

4.

Course Learning Outcomes
Learn about some of the classes and
properties of Riemann integrable
functions, and the applications of the
fundamental theorems of integration.
Know about improper integrals
including, beta and gamma functions.
Learn about Cauchy criterion for
uniform convergence and Weierstrass
M-test for uniform convergence.
Know about the constraints for the
inter-changeability of differentiability
and integrability with infinite sum.
Approximate transcendental functions
in terms of power series as well as,
differentiation and integration of
power series.

Teaching and Learning
Activity
(i) Each topic to be
explained with
examples.
(ii) Students to be involved
in discussions and
encouraged to ask
questions.
(iii) Students to be given
homework/assignments.
(iv) Students to be
encouraged to give short
presentations.

Assessment Tasks
 Presentations and
participation in
discussions.
 Assignments and
class tests.
 Mid-term
examinations.
 End-term
examinations.

References:
1. Bartle, Robert G., & Sherbert, Donald R. (2015). Introduction to Real Analysis (4th
ed.). Wiley India Edition. Delhi.
2. Denlinger, Charles G. (2011). Elements of Real Analysis. Jones & Bartlett (Student
Edition). First Indian Edition. Reprinted 2015.
3. Ghorpade, Sudhir R. & Limaye, B. V. (2006). A Course in Calculus and Real
Analysis. Undergraduate Texts in Mathematics, Springer (SIE). First Indian reprint.
4. Ross, Kenneth A. (2013). Elementary Analysis: The Theory of Calculus (2nd ed.).
Undergraduate Texts in Mathematics, Springer.
Additional Reading:
i.
Bilodeau, Gerald G., Thie, Paul R., & Keough, G. E. (2010). An Introduction to
Analysis (2nd ed.). Jones & Bartlett India Pvt. Ltd. Student Edition. Reprinted 2015.

BMATH613: Complex Analysis
Course Objectives: This course aims to introduce the basic ideas of analysis for complex
functions in complex variables with visualization through relevant practicals. Emphasis has
been laid on Cauchy’s theorems, series expansions and calculation of residues.
Course Learning Outcomes: The completion of the course will enable the students to:
i)
Learn the significance of differentiability of complex functions leading to the
understanding of CauchyRiemann equations.
ii)
Learn some elementary functions and valuate the contour integrals.
iii)
Understand the role of CauchyGoursat theorem and the Cauchy integral formula.
iv)
Expand some simple functions as their Taylor and Laurent series, classify the nature
of singularities, find residues and apply Cauchy Residue theorem to evaluate
integrals.
Teaching Plan
Week 1: Functions of complex variable, Mappings, Mappings by the exponential function.
[1] Chapter 2 (Sections 12 to 14).
Week 2: Limits, Theorems on limits, Limits involving the point at infinity, Continuity.
[1] Chapter 2 (Sections 15 to 18).
Week 3: Derivatives, Differentiation formulae, Cauchy-Riemann equations, Sufficient conditions for
differentiability.
[1] Chapter 2 (Sections 19 to 22).
Week 4: Analytic functions, Examples of analytic functions, Exponential function.
[1] Chapter 2 (Sections 24 and 25) and Chapter 3 (Section 29).
Week 5: Logarithmic function, Branches and Derivatives of Logarithms, Trigonometric functions.
[1] Chapter 3 (Sections 30, 31 and 34).
Week 6: Derivatives of functions, Definite integrals of functions, Contours.
[1] Chapter 4 (Sections 37 to 39).
Week 7: Contour integrals and its examples, upper bounds for moduli of contour integrals.
[1] Chapter 4 (Sections 40, 41 and 43).
Week 8: Antiderivatives, proof of antiderivative theorem.
[1] Chapter 4 (Sections 44 and 45).
Week 9: State CauchyGoursat theorem, Cauchy integral formula.
[1] Chapter 4 (Sections 46 and 50).
Week 10: An extension of Cauchy integral formula, Consequences of Cauchy integral formula,
Liouville’s theorem and the fundamental theorem of algebra.
[1] Chapter 4 (Sections 51 to 53).
Week 11: Convergence of sequences, Convergence of series, Taylor series, proof of Taylor’s
theorem, Examples.
[1] Chapter 5 (Sections 55 to 59).
Week 12: Laurent series and its examples, Absolute and uniform convergence of power series,
uniqueness of series representations of power series.
[1] Chapter 5 (Sections 60, 62, 63 and 66).
Week 13: Isolated singular points, Residues, Cauchy’s residue theorem, Residue at infinity.
[1]: Chapter 6 (Sections 68 to 71).
Week 14: Types of isolated singular points, Residues at poles and its examples.
[1] Chapter 6 (Sections 72 to 74).

Facilitating the Achievement of Course Learning Outcomes
Unit Course Learning Outcomes
No.

Teaching and Learning
Activity

Assessment Tasks

1.

2.
3.
4.

Learn the significance of
differentiability of complex
functions leading to the
understanding of CauchyRiemann
equations.
Learn some elementary functions
and valuate the contour integrals.
Understand the role of
CauchyGoursat theorem and the
Cauchy integral formula.
Expand some simple functions as
their Taylor and Laurent series,
classify the nature of singularities,
find residues and apply Cauchy
Residue theorem to evaluate
integrals.

(i) Each topic to be
explained with
illustrations.
(ii) Students to be
encouraged to discover
the relevant concepts.
(iii) Students to be given
homework/assignments.
(iv) Discuss and solve the
theoretical and practical
problems in the class.
(v) Students be encouraged
to apply concepts to real
world problems.

 Presentations and
class discussions.
 Assignments and
class tests.
 Student
presentations.
 Mid-term
examinations.
 Practical and vivavoce examinations.
 End-term
examinations.

Reference:
1. Brown, James Ward, & Churchill, Ruel V. (2014). Complex Variables and
Applications (9th ed.). McGraw-Hill Education. New York.
Additional Readings:
ii. Bak, Joseph & Newman, Donald J. (2010). Complex Analysis (3rd ed.).
Undergraduate Texts in Mathematics, Springer. New York.
iii. Zills, Dennis G., & Shanahan, Patrick D. (2003). A First Course in Complex Analysis
with Applications. Jones & Bartlett Publishers, Inc.
iv.
Mathews, John H., & Howell, Rusell W. (2012). Complex Analysis for Mathematics
and Engineering (6th ed.). Jones & Bartlett Learning. Narosa, Delhi. Indian Edition.

