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Foreword

It is imperative to have a deep understanding of Mathematics in order to
teach it in Higher Education. The most effective mathematics teachers
think about and beyond the content, they teach, seeking explanations and
correcting mistakes. Today’s education system requires both theoretical
and practical concepts. Mathematica software is used extensively in this
book, which is written by the author for practical applications.

Calculus using Mathematica is a self-contained and unique
introduction to the basics of Calculus using Mathematica software. In this
book, the authors have presented topics emphasizing the development of
calculus and its applications by using the software. Due importance is
given to computational techniques involved in understanding the subject.
This book is a product of their rich experience of teaching this subject to
the students of Delhi university.

I really found the book interesting as throughout the book the
authors highlight the fact that calculus is actually a foundation for several
concepts and results that are taught in high school and accepted in the
abstract. The book provides the visualisation of trigonometric, algebraic,
exponential, and parametric curves, polar equations, and complex
numbers. This book is written in simple language with a lot of examples
to explain the concepts of various notions that will be interesting for
students as well as Educators.

The only prerequisites for using this book are the topics that are
covered in initial schooling; however, the reader should possess some
mathematical maturity and an ability to understand and appreciate the
graphs. This book is in a class by itself as it is the first book written
on Mathematica covering the NEP syllabus. I hope that this book will
become a primer for teachers, students and professionals.
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Foreword

It is my great pleasure to write a few lines about the effort of Dr. Pragati
Gautam and Ms. Swapnil Verma in their book entitled “Calculus using
Mathematica”.

The authors have successfully managed to bring out a compact and
complete text book for the students who needs knowledge of Calculus
Using Mathematica. Calculus in its integral and differential form is
incomplete without its computer applications. This book is designed as
per the National Education Policy guidelines and provides information
about Value Added Course (VAC) and skill enhancement program in
which emphasis is laid on application of a subject. This particular book
justifies the thought of education policy as it is based on learning of
Calculus through Mathematica software.

The main motive of the software is to simplify the subject and to
increase its visualization which is excellently done by the authors. The
book is simple to understand as it starts from the very basics moving to
the complex topic like parametric curves, polar equations etc. to name
a few. The motive of the syllabus makers is to increase the application
of the subject and to relate it to daily life. With this book, this intention
is fulfilled as it explains each topic with graphs and examples. MCQ at
the end of each chapter helps students to increase their rational thinking.
This book will be useful for undergraduates/postgraduates/ engineering
as well as medical students. It will enhance the mathematical concepts,
for example hyperbolic functions can be viewed in a better manner via
graphs. In the end, I wish all the success to the authors and congratulate
them on their creative initiative.

(Prof. Santosh Kumar)
Date: 16/12/2022






Preface P

Learning a new concept is a difficult task by itself. The only thing that
can make it less strenuous is by having access to the right resources. I
would not go so far as to say that there are not any books discussing
various topics in Mathematica in-depth. We can argue that the very
contrary is true. Then you must wonder, why have we written a book on
Mathematica? What has happened to the vast number of resources that
we just mentioned?

While several excellent books are available to demystify complex
Mathematica problems, these books have not been written while keeping
the curriculum of NEP (2020) for B.Sc./B.A.(H) in Mathematics in
mind. This book has been designed in accordance with the latest
Undergraduate Curriculum Framework-2020 followed by the Central
Universities of India including University of Delhi, C.C.S University,
Meerut, etc under the National Education Policy (NEP)-2020. The
book exclusively caters to the interests of students of mathematics
B.Sc./B.A. (H)-Mathematics, B.Sc./B.A(H) — Other than Mathematics,
Bachelor in Multidisciplinary courses and B.Tech students of various
Universities. The book is extremely useful for preparation of competitive
examinations. This book will act as a guide for learning Mathematica in
open and distance education courses.

The importance of a book tailored specifically to your needs is only
emphasized when students have just started college. The transition from
high school to college is quite drastic, and often, students in their first
semester find it challenging to rely just on readings for preparing for
examinations or class tests. The present scenario is further compounded
by the lack of relevant readings for Mathematica in most universities.
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Without access to a standard of notes, students are limited to resources
provided in classes by teachers.

This book aims to reduce the discrepancy of knowledge that occurs
when we adopt the previously discussed system. We hope that this book
will not only serve to create a baseline knowledge for all students in
Central Universities like the University of Delhi but also function as
a guide for teachers on how each topic should be covered in class. By
including numerous solved examples and exercise problems, we hope
that this book will serve as a foundational resource for understanding
key concepts related to Mathematica.

The contents of this book have been divided into thirteen chapters.
It should be noted that the first chapter only delves into the various
features provided by Mathematica. This chapter also builds our
understanding of the resourcefulness of Mathematica as not just a
scientific tool but also as an aid for complex tasks such as Machine
Learning and Data Science. Finally, this chapter will also provide a
tutorial on installing Mathematica. The second chapter will only focus
on the various commands at our disposal for plotting graphs, animating
graphs, and more. After building our understanding of the importance
of Mathematica and the different ways we can use it for calculations,
we dive into the diverse applications of the software in a Mathematical
sense. For instance, the third chapter spends a considerable time
discussing what we mean by limits, continuity, and differentiability
in the program and the commands available to find them. In fact, in
chapter six, we utilize the knowledge gained and explore the calculation
of limits for hyperbolic functions. On the other hand, in chapters four,
five and seven, we profoundly investigate the various plots Mathematica
can build. These chapters are dedicated to topics centered around tracing
parametric curves, polar equations, and equations like parabola, ellipse,
and hyperbola. After examining the various two-dimensional plots at our
disposal, we focus on plotting three-dimensional figures in Mathematica.
Specifically, in chapter twelve, we investigate the different revolving
surfaces that can be constructed about various axes. In the later chapters,
like chapters nine and ten, we analyze the utility of Mathematica in the
number systems by doing operations such as graphical representations
of complex numbers or tracing of random real numbers. Another critical
topic of interest for us is matrices. To ensure students have a fundamental
understanding of the topic, we dedicate chapter eleven to the different
use cases of matrices, such as the Cayley Hamilton theorem and solving
the system of linear equations. The final chapters twelve and thirteen
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are spent understanding how Mathematica can be applied in problems
related to sequences and series while covering important themes like
Bolzano Weierstrass Theorem, Cauchy integral test, and D’ Alembert
ratio test.

Finally. none of this would have been possible without the constant
support from our families, friends, and colleagues. However, the most
considerable credit for our success goes to our students whom we have not
only taught but also learned from throughout these years. This iterative
teaching-learning process sharpens our conceptual clarity and prompts
us to consider how we may convey complex topics most concisely and
comprehensively possible. We also wish to say a special thanks to our
students, Ms. Medhavi Darshan and Ms. Komal Negi, for their help in
developing the content of this book. We express profound appreciation
towards Prof. S.R. Singh, Head of the Mathematics Department at
C.C.S University. His constant support has been our foundational pillar
in creating Calculus using Mathematica particularly designed for the
C.C.S. University students.

We would like to acknowledge the motivation and valuable
suggestions received from various distinguished teachers, in particular,
Prof. B.K. Das (Rtd. University of Delhi), Sr. Prof. C.S. Lalitha (South
Campus, University of Delhi), Prof. Ruchi Das (Head of Mathematics
Department, University of Delhi), Prof. Dinesh Khattar (Principal,
Kirorimal College, University of Delhi), Prof. Ratikanta Panda
(University of Delhi), Dr. Ranjana Jain (University of Delhi) and
Dr. Izhar Uddin (Department of Mathematics, Jamia Millia Islamia)
without which the book would not be in this form.

Ultimately, without any delay, we must share our gratitude towards
our esteemed publisher Sultan Chand and Sons, without whom you
would not be holding this book!

At the crux of it all, while we aim to create a comprehensive
Mathematica practical book for our students, we must admit that at the
rate at which Mathematica capabilities keep on growing, we do run the
risk of leaving some important findings. In the event this does occur,
please do not hesitate in sharing your feedback in terms of suggestions,
comments, or even criticisms with us. After all, we only hope to improve
the book in the future!

15% Dec, 2022
Dr. Pragati Gautam

Ms. Swapnil Verma
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About the Book

Calculus using Mathematica is intended for Undergraduate students as a first introduction to
the Mathematica Software. The authors have drawn on their extensive experience of teaching
Mathematica at the undergraduate level to create an accessible language that incorporates
even the tiniest of details. This has been done to make the learning process more accessible,
making this book suitable for both novices and those who want to brush up on their Mathematica
abilities. The book covers many subjects, from basic arithmetic to 3D surfaces. The book’s clear
exposition is enhanced with both solved and unresolved examples. The authors have employed
straightforward and conversational language to make the text more engaging, in addition to the
numerous graphs and command explanations. The book will serve as an asset for students of all
Central and other Universities who intend to use Mathematica to solve problems atany level.

Salient Features

O Concise and easy to understand presentation of concepts.

O Written with a view to present a qualitative understanding of the subject.

O  Step by Step solution to various problem have been provided to enhance perception of
Mathematica.

O Numerous graphs have been plotted for better Visual effects.
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