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Foreword

The discovery of quantum mechanics and its comprehension are at

the basis of the foundations of modern technology. This fact is not

widely recognized. I believe that if one asks the layman which are the

most important technological applications of quantum mechanics,

he would mostly select nuclear power. After some reflections he

could mention lasers, but he would not think of the most important

one, i.e., the transistor that is at the basis not only of computers

but of practically any device we commonly use (with some notable

exceptions like bicycles, wind surfs, and skis).

People who are not trained in quantum mechanics can use

a transistor without difficulties, and with some minor technical

training they can understand the specifications and use transistors

to build simple devices like a wireless radio: transistors behave

in a way that is not very different from the old thermionic tubes.

However, quantum mechanics has been crucial in the design of

transistors, which, when finally constructed, worked exactly as

predicted by quantum mechanics.

In spite of the ubiquitousness of quantum mechanics appli-

cations, quantum mechanics remains some kind of mystery not

only for learned people with a humanistic background, but also

for most of the scientists, with the exception of physicists and

chemists. The intrinsic difficulty in understanding the principles

of quantum mechanics certainly contributes to this deplorable

situation. However, this situation is worsened by an aura of

incomprehensibility that derives from most of the presentations of

quantum mechanics that one find in the literature. Indeed, books

that describe quantum mechanics may be divided into two main

categories:
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• Those that require an advanced knowledge of mathematical

analysis (differential and integral calculus), thus casting

away most of the people. Such books are perfect for people

interested in getting a working knowledge of quantum

mechanics, but are of no use for those interested in knowing

only what quantum mechanics is and in understanding its

implications.

• Those that are directed toward the general public. Although

some of these books are excellent, their presentation

is limited to a qualitative description. By the time one

gets ready to see how all extraordinary properties of

quantum mechanics could be implemented in a quantitative

description of the system, the presentation, in most cases,

stops, usually adding something like “More details would

be too technical; they need too much mathematics and

therefore cannot be described here.” At the end, quantum

mechanics seems to be something like magic that can be

understood only by fifth-level wizards.

On the contrary, this book makes a strong effort to arrive to a

quantitative formulation of quantum mechanical for very simple

systems, a formulation that is constructed using minimal mathema-

tical requirements. In this way the reader can easily arrive at the

conceptual core of quantum mechanics in its precise mathematical

formulation without having to know analysis and calculus. This can

be done only if the authors are very careful in choosing the model

systems that one uses for the presentation: the choice made in this

book is very appropriate so that the reader becomes acquainted with

the formalism of quantum mechanics in the simplest possible way.

Only in the second part of the book, after a minimal description

of the analytic mathematical tools needed, the reader finds the

extension (to a generic system) of the formalism that he or she

has learned in the first part. In this way the reader arrives at

an understanding of the usual formalism of quantum mechanics

separating the conceptual steps, described in the first part, from the

technical issues, described in the second part.

In the last part of the book, Ontological Issues, the authors

discuss the general implications of quantum mechanics that have
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Foreword xiii

been discussed in many places, including popularization articles: the

measurement problem, non-locality and non-separability, quantum

information, and finally the interpretation of quantum mechanics.

The authors’ viewpoint on these highly debated subjects is deep and

original: the presentation is quite concise, although it does not shy

away from giving technical details where needed.

The book is well written and is very readable. It fulfills at its best

the premise of the title Quantum Mechanics for Thinkers.

Giorgio Parisi
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Introduction

Reasons for Studying Quantum Mechanics

Quantum mechanics represents one of the great conceptual revolu-

tions of the 20th century. It has raised a huge number of fundamental

questions of both physical and philosophical kind.

• What does matter mean at all?

• What are the main properties or characteristics of matter?

• Can matter be reduced to information?

• Is our universe probabilistic at the most fundamental level?

• Are there non-local correlations in nature?

• Are non-causal interconnections between physical systems

possible?

• Is the bound on the speed of information propagation set by

the theory of relativity violated?

• What do terms like state, observable, and property mean at

all?

• Can physical reality exist without observers?

• Are observers necessary for having a macroscopic world?

• What are the general features of information processing and

exchange in our universe?

These questions (and there are also many others) give a first feeling

about the depth of the conceptual turn represented by quantum

mechanics. Even those classical hypotheses or laws that have passed

the quantum mechanical check have somehow been transformed or

at least been corrected. It is important for people who desire to deal

with fundamental problems in science, especially in quantum theory

or in those fields (like chemistry, mathematics, and informatics) that

are closely related to quantum theory, to have a deep and clear

understanding of this kind of problems. This book provides such an
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opportunity. We think that undergraduate students in physics could

also take advantage of this book, and then transition to more difficult

stuff. This book could also be of some use in the last years of the high

school. Indeed, one of the major problems we find for these classes

is that most of our students go out of the school without having ever

heard a single word about quantum mechanics, that is, about the

basic physical theory that we have, and it is likely that most of them

will never have the opportunity to come back to these issues.

The book is also addressed to people interested in the philosophy

of science or in problems at the interface between science and

philosophy. As a matter of fact, one of the biggest problems of

modern thought is a fracture between science and philosophy

causing severe alienation to both fields. Indeed, science without

philosophy can become a pure technique, where finally ad hoc

solutions and pure simulations dominate, whereas philosophy

without science can shift toward esotericism and aestheticism. As

a matter of fact, the issues that have been raised within natural

sciences, and especially in physics, have always implied a deep shift

of the philosophical paradigms. The affirmation of Galilean and

Newtonian classical mechanics, which is an important part of the

first scientific revolution, has led to a radical rearrangement of the

theory of knowledge, first making of the physical science a privileged

reference and then, with Kant’s doctrine of the a priori synthetic

judgments, as the unique and authentic form of knowledge.

Quantum mechanics implies, or should imply, even a more radical

change of the philosophical modules. However, this has happened in

an incomplete and partial form. This is because the discussion on the

foundations of this theory is not yet accomplished and so far has not

even been dealt with at a sufficiently deep level. Theoretically deal-

ing with the foundations of quantum mechanics is an urgent task, es-

pecially considering its huge predictive power and the wide domain

of applicability. Its practical consequences already determine many

aspects of our modern society (atomic bombs and atomic energy,

semiconductors, transistors, and photovoltaic cells, lasers and light-

emitting diodes, applications to technology of new states of matter

like Bose–Einstein condensates, etc.) and many other may be deter-

mined in the near future (quantum cryptography, quantum telepor-

tation, quantum computation, photography without light, etc.).
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Aim of the Book

We find that most of the problems that we have stated above are

often treated by public opinion and even by cultivated laypersons

with superficiality and without a true understanding of the physical

and conceptual foundations of quantum theory. It is very often heard

or read that quantum mechanics allows telepathy or that reality

does not exist. Statements like these show a deep misunderstanding

about the true meaning of quantum theory. Therefore, the main aim

of the book is to allow the students, the scholars, the philosophers,

and even the laypersons interested in these issues to have a quick

access to quantum mechanics without dealing with a true textbook

that demands proper specialized studies in physics (and related

mathematics) for about a couple of years. The phrase “quick access”

does not mean that this is a popular science book. It is in fact a

scientific book, but addressed to people who do not already posses

the prerequisite for dealing with such a sophisticated scientific stuff.

In order to understand the theoretic and philosophical problems

in quantum mechanics, it is indeed necessary to master certain

formal instruments. In other words, this book does contain quite

a few equations. However, we have tried to reduce the formalism

to the minimum extent required for understanding the basis of the

theory. Moreover, we have also explained from scratch mathematical

tools like vector and matrix algebra, probability (in the first part of

the book), as well as integration and differentiation (in the second

part of the book). This is the reason why the first part is confined

to an algebraic approach. In this way, the book is somehow self-

contained and only presupposes some high-school background in

mathematics.

What Is Required of the Reader?

Although we shall try to do things as simply as possible, this does

not mean that the reader shall not meet some difficulties and should

not make some efforts to understand the mathematics and the

underlying physics. However, our basic assumption is that the study

of this book is in the range of university students and scholars of
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any faculty, or of any cultivated layperson, who are motivated and

interested in deepening their knowledge of the subject. Where the

reader should meet some particular difficulties in mathematics, we

recommend to make use of some online resources where many

mathematical concepts are explained with different degrees of

difficulty. In particular, we suggest the online mathematics reference

MATHWORLD.a As an alternative, the reader can also take into

account the Mathematics Portal of WIKIPEDIA
b and the ENCYCLOPEDIA

OF MATHEMATICS.c Finally, for a first introduction to this type of

mathematics we strongly recommend the textbook by Heller.d

To minimize the mathematics and to emphasize the underlying

physics, we have chosen to present many of the technical details in

the form of in-section boxes and end-of-section problems. There are

30 boxes and 130 problems altogether, with the solutions to most of

the problems provided at the end of the book. However, the reader is

encouraged to try to work out the problems by him- or herself before

resorting to the solutions provided. There are also many resuming

tables that help the reader quickly find the information that he or

she desires. Moreover, we have included 70 figures which not only

provide a kind of graphical help but often can even be understood as

an integral part of the explanation. In order to help the reader better

organize the concepts developed in the book, we have composed a

summary of the main concepts at the end of each chapter. Finally, the

book contains an extensive bibliography of about 150 entries, and

two full, accurate, and comprehensive subject and author indexes for

assisting the reader’s quick search.

While this book could be an excellent starting point for self-

study of quantum mechanics, it is obviously better if the reader

is helped by someone with a physics background in dealing with

this study. This could happen through an introductory course to

quantum mechanics but also through a tutorial. A word of caution

is also necessary. The present book does not substitute a complete

course in quantum mechanics as taught in any physics department

and taking advantage of more advanced textbooks.e With the help of

ahttp://mathworld.wolfram.com
bhttp://en.wikipedia.org/wiki/Portal:Mathematics
chttp://www.encyclopediaofmath.org
d(Heller, 2006).
e(Le Bellac, 2006), (Auletta et al., 2009).
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this book, a careful reader can understand what quantum mechanics

is (and this is the aim of the book) but cannot learn to make use

of it. In other words, this book helps the reader understand what

quantum mechanics is, what are its conceptual foundations, and how

its basic formalism works, but does not make of him or her an expert

in quantum mechanics.

Outline of the Book

The book is divided into three major parts and is organized as

follows:

I. Basic Issues

The first part contains five fundamental chapters. Chapter 1

provides a short review of classical mechanical concepts.

Chapters 2–5 represent the foundation block that deals with the

basic notions of quantum theory. However, already Chapter 5

raises many conceptual problems that may give a taste of what

follows. Some readers may be satisfied to study this part. It is

relatively easy but also needs some time, especially if the reader

has never been engaged with mathematics or he or she was,

but many years ago. Our suggestion in this case is to read each

chapter repeatedly before going further in order to become fully

familiar with this language.

II. Formal Issues

The second part consists of three technical chapters, Chapters 6–

8. In this part we introduce some of the most important quantum

mechanical observables: position and momentum, energy, and

angular momentum and spin. Arguably, this is probably the

most difficult part for people not acquainted with physics or

mathematics. It is, however, necessary if one really wants to

understand the deep meaning of the philosophical conclusions

drawn in the subsequent chapters. We stress that the main

difficulty is not in the equations themselves, since each step

is explained and we presume that a patient reader who will

follow those steps shall also be able to consistently progress.

The main problem is rather in the large quantity of information

packed together. Then we suggest to proceed by taking time

in order to assimilate each step and eventually read each
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section again and again. If, having tried several times, the

reader does not understand the meaning of certain steps, we

suggest to take them as facts since it is plausible that some

developments can become clearer afterwards. If the reader

encounters insurmountable difficulties, he or she may initially

skip the latter sections of these chapters and try to come back

to specific aspects when the third part of the book demands the

knowledge of some previous notions. Sooner or later, however,

if the reader wants a deeper understanding of the theory, it

becomes necessary to study the whole of it. Indeed, only to

have assimilated the Schrödinger equation or the model of the

hydrogen atom can bring the reader even to really appreciate

not only the usefulness but even the beauty of this theory.

III. Ontological Issues

The third part is composed of four advanced chapters. The

measurement problem is dealt with in Chapter 9, the issue of

quantum non-locality in Chapter 10, and quantum information

in Chapter 11. Finally, the interpretation of the theory that puts

together the previous three subjects (and all the main issues

raised in the book) is dealt with in Chapter 12. As a matter

of fact, Chapters 9–12 represent the block that will turn out

to be the most satisfactory one for people searching for a true

understanding of quantum mechanics. Here, the reader can

appreciate how worthwhile was the previous study for arriving

at such a point!

It is likely that the first part could be very useful for students in

the last years of the high school or for laypersons who intend to

understand the very basic notions of quantum mechanics. Scholars

in mathematics and chemistry will especially like the second part,

while scholars in informatics and philosophy will perhaps find

the third part more interesting. Undergraduate students in physics

should study the whole book carefully as a kind of fore-preparation

for the more technical studies.

Last but not least, the reader can visit the book’s websitea for

communications about the book and errata of the book.

ahttp://www.gennaroauletta.net/qmftbook


