Preface to the Second Edition

The present edition of the book follows the first one by about five years.

Apart from the corrections of a few minor misprints and the updating of
the precise values of the fundamental constants (and related problems 2.2,
2.3), the main reason for presenting this second edition lies in the fact that
in 2015 also the companion textbook “Lectures in Quantum Mechanics” by
one of us (LEP) was published by Springer: such textbook contains an extra
chapter, ‘Elementary Theory of Scattering’, a subject not dealt with by the
first edition of “Problems”. As a consequence the authors felt the necessity to
fill the gap.

Indeed the present edition has one more chapter, the final one, with 21
further problems. Some of them are simple. Others instead, much in the spirit
of the rest of the book, offer — in pills — important subjects that often are just
hinted at in textbooks. In the end the chapter proposes a number of concrete
examples that provide a sort of guided tour through the main topics in po-
tential scattering theory.

Concerning the last chapter, we find appropriate to repeat here the rec-
ommendation given in the preface to the first edition: the student should try
all the problems hard and should not feel discomforted if he or she will have
to resort to the solutions — he or she will, in any event, learn something more.

Pisa, December 2016 Emilio d’Emilio
Luigt E. Picasso



Preface to the First Edition

This book stems from the experience the authors acquired by teaching Quan-
tum Mechanics over more than two decades.

The necessity of providing students with abundant and understandable
didactic material — i.e. exercises and problems good for testing “in real time”
and day by day their comprehension and mastery of the subject — confronted
the authors with the necessity of adapting and reformulating the vast num-
ber of problems available from the final examinations given in previous years.
Indeed those problems, precisely because they were formulated as final exam
problems, were written in a language appropriate for the student who is al-
ready a good step ahead in his preparation, not for the student that, instead,
is still in the “middle of the thing”.

Imagining that the above necessity might be common to colleagues from
other Departments and prompted also by the definite shortage, in the litera-
ture, of books written with this intent, we initially selected and ordered the
242 problems presented here by sticking to the presentation of Quantum Me-
chanics given in the textbook “Lezioni di Meccanica Quantistica” (ETS, Pisa,
2000) by one of us (LEP).

Over time, however, our objective drifted to become making the present
collection of problems more and more autonomous and independent of any
textbook. It is for this reason that certain technical subjects — as e.g. the
variational method, the virial theorem, selection rules etc. — are exposed in
the form of problems and subsequently taken advantage of in more standard
problems devoted to applications.

The present edition — the first in English — has the advantage over the
Italian one [“Problemi di Meccanica Quantistica” (ETS, Pisa 2003, 2009)]
that all the material has by now been exhaustively checked by many of our
students, which has enabled us to improve the presentation in several aspects.

A comment about the number of proposed problems: it may seem huge to
the average student: almost certainly not all of them are necessary to have
a satisfactory insight into Quantum Mechanics. However it may happen —
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particularly to the student who will take further steps towards becoming a
professional physicist — that he or she will have to come back, look at, and
even learn again certain things ... well, we do not hide our intent: this book
should not be just for passing exams but, possibly, for life.

Here are a few further comments addressed to students who decide to go
through the book. Firstly, some of the problems (also according to our stu-
dents) are easy, standard, and just recall basic notions learned during the
lectures. Others are not so. Some of them are definitely difficult and complex,
mainly for their conceptual structure. However, we had to put them there,
because they usually face (and we hope clarify) questions that are either
of outstanding importance or rarely treated in primers. The student should
nonetheless try them using all his or her skill, and not feel frustrated if he
or she cannot completely solve them. In the latter case the solution can be
studied as a part of a textbook: the student will anyhow learn something new.
Second, despite our effort, it may happen (seldom, we hope) that a symbol
used in the text has not been defined in the immediately previous lines: it can
be found in the Appendices. Our claim also is that all the problems can be
solved by simple elementary algebra: the more complicated, analytic part of
the calculation — when present — should take advantage of the proposed sug-
gestions (e.g. any awkward, or even elementary, integral supposed to appear
in the solution is given in the text) and should be performed in such a way as
to reduce all the formulae to those given in the Appendices.

A last comment concerns the way numerical calculations are organized,
particularly in the first chapters. We have written dimensionless numbers as
the ratio of known quantities, e.g. two energies, two masses ... (so that a bet-
ter dimensional control of what is being written is possible at a glance and
at any step of the calculation — a habit the student should try hard to de-
velop) and we have used the numerical values of these known quantities given
in Appendix A: this is quicker and safer than resorting to the values of the
fundamental constants.

Among the many persons — students, colleagues, families — who helped
us over years in this work, three plaied a distinguished role. We are thankful
to Pietro Menotti, maybe the only one of our colleagues with a more long-
lasting didactic experience of the subject, for the very many comments and
suggestions and for having been for one of us (EdE) a solid reference point
along the twenty years of our didactic collaboration. Stephen Huggett helped
us with our poor English. Bartolome Alles Salom, in addition to having gone
through the whole book with an admirable painstaking patience, has a major
responsibility for the appearance of the present English edition, having driven
and convinced us with his enthusiasm to undertake this job.

Of course all that could have (and has not yet) been improved is the au-
thors’ entire responsibility.

Pisa, May 2011 Emilio d’Emilio
Luigt E. Picasso
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