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Notation

p 3-vector in the coordinate space.

p Magnitude of the 3-vector p, i.e., |p|. We have used p
2 and p2

interchangeably.

p̊ Unit 3-vector in the direction of p, i.e., p/p.

|u〉 Ket vector.

〈u| Bra vector.

|Ω〉 The null vector.

〈u|v〉 Inner product of two vectors.

Â Operator A on a vector space. In many places where confusion is not
likely to arise, we have omitted the hat sign.

L̂ An operator on a vector space that is also a vector in the coordinate space.

A† Adjoint of the operator A, defined in §2.8.

[A,B]P Poisson bracket of A and B.

[A,B] Commutator AB −BA.

{A,B} Anticommutator AB +BA.

σi Pauli matrices, given in Eq. (4.26, p. 87).

τi Same as σi, but used when there is no connection with spin.

S Action of a system (=
∫
dtL).

e Electric charge of proton. Electron carries charge −e.

α Fine structure constant, first appearing in Eq. (9.63, p. 231).

bxc The largest integer less than or equal to x.
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Preface

Quantum mechanics is an essential part of any physics undergraduate or
graduate curriculum for its wide range of applicability to different branches
of physics. It is taught at different levels, starting from second or third year
undergraduate to final year graduate programmes. Through these courses
students learn to appreciate the details of the subject at various levels. It is
therefore difficult to have a single book which caters to students at all levels.
This gap is precisely what we aim to fill here.

The book bore out of several courses on quantum mechanics taught by
both the authors at several institutions such as the Saha Institute of Nuclear
Physics, the University of Calcutta, and the Indian Association for the
Cultivation of Science. These included both undergraduate and graduate level
courses. These courses made us realize the necessity of a book which not
only provides a clear introduction to the basic tenets of the subject but also
presents a thorough discussion of several advanced topics. The latter seemed
particularly difficult to find in a single book, which served as a motivation for
writing this book.

We have not included a discussion of the old quantum theory in our book.
We assumed that the reader would be familiar with that development, which
was initiated by Planck and Einstein. That theory deals with particle-like
properties of energy. The subject matter of our book is the other side of the
wave–particle duality that is the hallmark of modern physics, i.e., the theory
which treats matter as waves. The title of this book clearly shows that this
theory, ‘quantum mechanics’, will be the sole concern of this book.

Any book on quantum mechanics requires introduction to certain
mathematical techniques such as group theory, linear algebra, and differential
equations. We provide a somewhat detailed introduction to the first two topics
since it is our understanding that these topics may not be taught in detail in
other courses that physics students usually encounter before taking their first
course on quantum mechanics. However, the last topic is usually well discussed

xxi
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xxii Preface

in a generic physics curriculum; we have therefore relegated its discussion to
the appendices, making every effort to keep it self-contained.

The book is divided into several parts. The first part introduces the
formalism, while the second discusses exactly solvable problems. This is
followed by a discussion of various approximation techniques in the third
part and a discussion of several advanced topics in the fourth. Each part
has several chapters with varying degrees of sophistication; however, we have
made every attempt to make each of them self-contained so that it is possible
for an instructor to choose the chapters according to the course requirement.
The fifth part of the book contains appendices.

We have provided a large number of exercises for the reader. These
will definitely help the beginner gain confidence in the subject. Instead of
compiling all exercises at the end of each chapter, we have strewn them across
the text. Solving any exercise at the place that it appears in the text, in our
opinion, would be advantageous to the learner. If for some reason the reader
does not want to solve the exercises, we recommend that at least the statement
of the exercise should be read. In some cases, they contain important notes.

Over the years, many people have influenced our understanding of the
subject, including our teachers, collaborators, and students. We would like to
take this opportunity to express sincere thanks to all of them. This preface is
too short to put forth all the names. During the time that we wrote this book,
we have also received a lot of support from others. We are particularly thankful
to Kumar Gupta, who has kindly read through all chapters of an earlier
version and made important comments which resulted in a lot of rewriting. We
also acknowledge useful discussions with, and helpful comments from, Jayanta
Kumar Bhattacharjee, Arnab Das, Sumit Das, Asit De, Indrajit Mitra, Abhijit
Mukherjee, Koushik Ray, Arnab Sen, and Parongama Sen. In addition, we
thank the referees for their important comments and the publication team
of Cambridge University Press for their support. Last but not least, we
acknowledge the support of our spouses, Dora Saha and Shukla Sanyal, who
tolerated our long working hours during the project.

The book was prepared camera-ready by us. This means that we are
responsible for all mistakes that might have crept in, including typographical
ones. If any reader finds a mistake, we will appreciate a message. We will
maintain a webpage for corrections where such messages will be acknowledged.
The address of the webpage is https://sites.google.com/view/qmerrata

and is accessible to everyone.

April 2023
Krishnendu Sengupta
Palash B. Pal
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