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FOREWORD

It is our distinct privilege to present this compendium of Linear Algebra and
Calculus specially prepared for first-year B.Tech students under the [-Scheme
curriculum. Mathematics lies at the heart of all engineering disciplines; this text
aims to provide a rigorous yet accessible foundation in key topics that underpin
advanced courses in sciences and technology.

This volume has been structured to blend formal definitions, illustrative
examples, and a diverse set of exercises to foster both conceptual understanding
and problem-solving skills. The choice of topics, their organization, and the
pedagogical progression have been guided by the overarching objective of
aligning with the prescribed syllabus while addressing the needs of a varied
student cohort.

We extend our profound gratitude to Dr. R. Nagendra Babu, Principal, for
endorsing and supporting this endeavour; and to Dr. K. Kiran Kumar, Dean
(Academics), for the academic oversight, alignment with curriculum standards,
and encouragement throughout the development process. We are especially
thankful to Mr. V. J. Moses, Head of Department, Basic Sciences &
Humanities, for his leadership, motivation, and valuable feedback during the
preparation of this text. We are also indebted to our colleagues in the
Department of Mathematics, whose peer review, suggestions, and insights have
substantially enriched the clarity and correctness of the content. We likewise
acknowledge the administrative and technical staff for their assistance in editing,
formatting, and ensuring the timely publication of this material.

We anticipate that this text will serve as an indispensable companion to students
and faculty alike, promoting a deeper appreciation of mathematical rigor and
preparing students for onward challenges in their engineering journey.

Prepared by
Department of Mathematics / Course Team



Message from the Principal
Dr. R. Nagendra Babu

It gives me great pleasure to extend my greetings to all first-year B.Tech students as
you embark on your engineering journey. Mathematics is a critical pillar in every branch
of engineering, and in your formative years, a strong grounding in Linear Algebra &
Calculus will equip you with the analytic tools and logical rigor needed for advanced
study and innovation.

The material compiled in this text has been meticulously drafted to present concepts
clearly, illustrate their relevance with examples, and offer problems that challenge and
strengthen your understanding. | am confident that it will serve both as a guide and a
companion through your semester, helping you grow in mathematical maturity and
problem-solving ability.

| warmly acknowledge and thank the Department of Mathematics, under the leadership
of Mr. V. J. Moses, HOD, B.S. & H., and the academic support from Dr. K. Kiran
Kumar, Dean (Academics), for facilitating this work. Their commitment ensures that
our students receive superior academic resources.

My hope is that as you engage with this text, you cultivate perseverance, intellectual
curiosity, and discipline. | encourage you to use this as more than a textbook—as a
stepping stone to critical thinking, innovation, and lifelong learning.

Wishing you success and fulfillment in your academic endeavors.

Dr. R. Nagendra Babu
Principal
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Message from the Dean (Academics)
Dr. K. Kiran Kumar

| extend my warm greetings to all first-year B.Tech students as you begin this important
stage of your academic journey. Mastery in mathematics furnishes an essential
foundation for engineering studies, and competence in Linear Algebra & Calculus in
particular will support your success in diverse disciplines—be it electronics, mechanics,
computer science, or civil engineering.

This course material has been carefully compiled to present topics with clarity, integrate
illustrative examples, and introduce exercises that will progressively challenge your
understanding and problem-solving skills. | trust that it will serve as a reliable academic
tool for both students and faculty.

| also take this opportunity to commend the Department of Mathematics, led by Mr. V. J.
Moses, HOD (B.S. & H.), for their dedicated efforts in content development, peer
review, and pedagogical alignment. Their perseverance and scholarly integrity have
elevated the quality of this text.

| encourage every student to engage with the material thoroughly, attempt each
exercise, and not hesitate in seeking clarification when needed. Let curiosity guide you
and discipline sustain you. May this textbook be a stepping stone towards deeper
learning and academic excellence.

Dr. K. Kiran Kumar
Dean (Academics)



Why Do We Study Linear Algebra and Calculus in B.Tech First Year ?

1 Foundation for All Engineering Fields

Both **Linear Algebra** and **Calculus** form the *mathematical language* of
engineering.

They help you describe and solve real-world problems that involve **change,
motion, and systems**.

2 Linear Algebra — The Language of Systems**

Linear Algebra deals with **vectors, matrices, and linear equations** — which
are everywhere in engineering.

Applications:

* [] Electrical Engineering: Solving circuit equations using matrices.

* [] Computer Science: Graphics, data representation, machine learning (Al).
* [] Civil/Mechanical Engineering: Structural analysis and modeling forces.

* [ Communication: Signal processing and image compression.

It helps you *model and analyze systems** efficiently.
3 Calculus — The Study of Change

Calculus teaches how quantities change and accumulate — fundamental to
understanding how systems behave.

Applications:

* & Mechanical: Motion, velocity, acceleration, fluid flow.

* [1 Electrical: Current, voltage changes, and optimization.

* [1 Civil: Design curves, material strength, and load changes.

* [1 Computer Science: Algorithms, optimization, and machine learning.

It gives tools for **designing, predicting, and optimizing** systems.



4 Builds Logical and Analytical Thinking

Both subjects train your brain to think in a **structured, logical, and problem-
solving** way — essential for engineers.

5 Essential for Higher Courses
They are the **foundation** for later B.Tech subjects like:

* Numerical Methods

* Signals & Systems

* Control Systems

* Data Science / Machine Learning
* Structural Analysis

* Fluid Mechanics

Without Linear Algebra and Calculus, these advanced subjects would be difficult
to grasp.

In short:

> **|_inear Algebra helps you understand systems and structures.**
> **Calculus helps you understand change and motion.**
> Together, they make you *think like an engineer.*
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LINEAR ALGEBRA & CALCULUS

(Common to All Beanches of Enginecering)

Course Objectives:
e To cquip the students with standard concepts and tools at an intermediate to advanced
level mathematics to develop the confidence and ability among the students to handle

various real-world problems and their applications.

Coursc Qutcomes: At the end of the course, the student will be able to
CO1: Develop and use of matrix algebra techniques that are needed by engincers for practical

applications.
CO2: Relate cigen values and cigen vectors of a square matrix
CO3: Familiarize with functions of several variables which is useful in optimization.

CO4: Learn important tools of calculus in higher dimensions.
COS: Familiarize with double and triple intcgrals of functions of scveral variables in two

dimensions using Cartesian and polar coordinates and in threc dimensions using cylindrical

and spherical coordinates.

UNIT 1 Matrices
Rank of a matrix by echelon form, normal form. Cauchy-Binet formulae (without proof).

Inverse of Non- singular matrices by Gauss-Jordan method, System of linear equations: Solving
system of Homogeneous and Non-Homogeneous equations by Gauss elimination m;Lhod

Jacobi and Gauss Seidel Iteration Methods.

UNIT 11 Eigenvalues, Eigenvectors and Orthogonal Transformation

Eigenvalues, Eigenvectors and their properties, Diagonalization of a matrix, Caylev-Hamutlton
Theorem (without proof), finding inverse and power ofa matrix by Cayley- Hamilton Theorem,
Quadratic forms and Nature of the Quadratic Forms, Reduction of Quadratic form to canonical

forms by Orthogonal Transformation.

UNIT I Calculus
Mcan Value Theorems: Rolle’s Theorem, Lagrange’s mcan value theorem with their

gcometrical interpretation, Cauchy’s mean value theorem, Taylor’s and Maclaurin theorems
with remainders (without proof), Problems and applications on the above theorcms.

UNIT IV artial differentiation and Applications (Multi variable calculus)
Functions of several variables: Continuity and DifTerentiability, Pactial derivatives, total
derivatives, chain rule, Taylor’s and Maclaurin’s series expansion offunctions of two
variables. Jacobians, Functional dependence, maxima and minima of functionsoftwo variables,

method of Lagrange multipliers.

UNITV Multiple Integrals (Multi varinble Calculus)
Double integrals, change of order of integration, triple integrals ,change of
cylindrical and spherical coordinates. Finding areas (by double integrals) and volumes (by

double integrals and triple integrals).

-ariables to polar,
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Textbooks:

I, Higher Engincering Mathematics, B. S, Grewal, Khanna Publishers, 2017, 44® Edition
2. Advanced Engincering Mathematics, Erwin Kreyszig, John Wiley & Sons, 2018, 10®
Edition.

Reference Books:
.. Thomas Calculus, George B. Thomas, Maurice D. Weir and Joel Hass, Pearson

Publishers, 2018, 14" Edition.

2. Advanced Engincering Mathematics, R. K. Jain and S. R. K. Iyengar, Alpha
Sciencelnternational Ltd., 2021 5" Edition(9th reprint).

3. Advanced Modern Engincering Mathematics, Glyn James, Pcarson publishers, 2018, 5%
Edition.

4. Advanced Engincering Mathematics, Micheacl Greenberg, , Pcarson publishers, 9*
edition

5. Higher Engincering Mathematics, H. K Das, Er. Rajnish Verma, S. Chand

Publications,2014, Third Edition (Reprint 2021)
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