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Preface

The present manuscript represents an attempt to write a modern mono-
graph on quantum mechanics that can be useful both to expert readers,
i.e. graduate students, lecturers, research workers, and to educated read-
ers who need to be introduced to quantum theory and its foundations. For
this purpose, part I covers the basic material which is necessary to under-
stand the transition from classical to wave mechanics: the key experiments
in the development of wave mechanics; classical dynamics with empha-
sis on canonical transformations and the Hamilton–Jacobi equation; the
Cauchy problem for the wave equation, the Helmholtz equation and the
eikonal approximation; physical arguments leading to the Schrödinger
equation and the basic properties of the wave function; quantum dynam-
ics in one-dimensional problems and the Schrödinger equation in a central
potential; introduction to spin and perturbation theory; and scattering
theory. We have tried to describe in detail how one arrives at some ideas
or some mathematical results, and what has been gained by introducing
a certain concept.

Indeed, the choice of a first chapter devoted to the experimental foun-
dations of quantum theory, despite being physics-oriented, selects a set
of readers who already know the basic properties of classical mechan-
ics and classical electrodynamics. Thus, undergraduate students should
study chapter 1 more than once. Moreover, the choice of topics in chap-
ter 1 serves as a motivation, in our opinion, for studying the material
described in chapters 2 and 3, so that the transition to wave mechanics is
as smooth and ‘natural’ as possible. A broad range of topics are presented
in chapter 7, devoted to perturbation theory. Within this framework, after
some elementary examples, we have described the nature of perturbative
series, with a brief outline of the various cases of physical interest: regu-
lar perturbation theory, asymptotic perturbation theory and summabil-
ity methods, spectral concentration and singular perturbations. Chapter
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xiv Preface

8 starts along the advanced lines of the end of chapter 7, and describes a
lot of important material concerning scattering from potentials.

Advanced readers can begin from chapter 9, but we still recommend
that they first study part I, which contains material useful in later inves-
tigations. The Weyl quantization is presented in chapter 9, jointly with
the postulates of the currently accepted form of quantum mechanics. The
Weyl programme provides not only a geometric framework for a rigor-
ous formulation of canonical quantization, but also powerful tools for the
analysis of problems of current interest in quantum mechanics. We have
therefore tried to present such a topic, which is still omitted in many
textbooks, in a self-contained form. In the chapters devoted to harmonic
oscillators and angular momentum operators the emphasis is on algebraic
and group-theoretical methods. The same can be said about chapter 12,
devoted to algebraic methods for the analysis of Schrödinger operators.
The formalism of the density matrix is developed in detail in chapter 13,
which also studies some very important topics such as quantum entangle-
ment, hidden-variable theories and Bell inequalities; how to transfer the
polarization state of a photon to another photon thanks to the projection
postulate, the production of statistical mixtures and phase in quantum
mechanics.

Part III is devoted to a number of selected topics that reflect the au-
thors’ taste and are aimed at advanced research workers: statistical me-
chanics and black-body radiation; Lagrangian and phase-space formula-
tions of quantum mechanics; the no-interaction theorem and the need for
a quantum theory of fields.

The chapters are completed by a number of useful problems, although
the main purpose of the book remains the presentation of a conceptual
framework for a better understanding of quantum mechanics. Other im-
portant topics have not been included and might, by themselves, be the
object of a separate monograph, e.g. supersymmetric quantum mechan-
ics, quaternionic quantum mechanics and deformation quantization. But
we are aware that the present version already covers much more material
than the one that can be presented in a two-semester course. The ma-
terial in chapters 9–16 can be used by students reading for a master or
Ph.D. degree.

Our monograph contains much material which, although not new by it-
self, is presented in a way that makes the presentation rather original with
respect to currently available textbooks, e.g. part I is devoted to and built
around wave mechanics only; Hamiltonian methods and the Hamilton–
Jacobi equation in chapter 2; introduction of the symbol of differential op-
erators and eikonal approximation for the scalar wave equation in chapter
3; a systematic use of the symbol in the presentation of the Schrödinger
equation in chapter 4; the Pauli equation with time-dependent magnetic
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Preface xv

fields in chapter 6; the richness of examples in chapters 7 and 8; Weyl
quantization in chapter 9; algebraic methods for eigenvalue problems in
chapter 12; the Wigner theorem and geometrical phases in chapter 13;
and a geometrical proof of the no-interaction theorem in chapter 16.

So far we have defended, concisely, our reasons for writing yet another
book on quantum mechanics. The last word is now with the readers.
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