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Preface

This book is conceived as an advanced textbook - suitable for graduate
students, interested non-experts, and even ambitious undergraduates - to
provide a broad introduction to the subject of exactly solved quantum
many-body systems. These systems are necessarily one-dimensional, but
should that change in the future, I will happily include higher-
dimensional examples in a new edition of this book! As the subtitle
indicates, the topic began more than 70 years ago — soon after the inven-
tion of quantum mechanics - and has been steadily growing since. My
only ambition for the book is to provide a largely self-contained presen-
tation — as broad and coherent as feasible — that will interest the inter-
ested reader, and provide the background necessary should that reader
wish to go further and enter the vast and intimidating research litera-
ture. Oh yes, and with a minimum of mistakes. '

Before beginning, I would like to take this opportunity to thank a
few of the people who have been essential in my career, and thus, di-
rectly or indirectly, made this book possible.

First, I thank C.N.Yang, with whom I did my thesis work back in
1965, on exactly solved problems, naturally. Frank Yang has always
been extremely generous: with his time and patience, with his friends
and colleagues, and especially with his deep understanding of the
beauty of physics and the physicist’s craft. He has helped shape my
personal standards of craftsmanship, and as always, I write hoping that
he will find my work interesting; that is also true of this book.

Second, I thank Sriram Shastry —the B.S.Shastry of the bibliogra-
phy - my colleague, co-author and friend of 20+ years. Looking back, we
wrote our first paper together in 1981, and have collaborated continu-
ously every since, often over a 12 hour time difference. I am very proud of
the work we have done together, but more importantly, working with
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Sriram has been extremely enjoyable, which is most important for the
long-haul. I invited Sriram to co-author this book, but he wisely de-
. clined. Ido hope Sriram feels this book does the subject justice.

Third, I wish to thank T.A.Pond for looking after me in my student
days. I first met Alec Pond as a sophomore at Washington University,
when he gave the best physics class I have ever taken. He also hired me
to work part-time with his graduate students, among whom was my
future brother-in-law. I then followed him to Stony Brook for graduate
school. Although by that time Alec was largely an administrator, he
still took care of me with baby-sitting jobs and shirts, and especially by
building up a first-class Physics Department and helping to bring
C.N.Yang to Stony Brook.

I would like to thank Norio Kawakami and Yoshio Kuramoto for
bringing me to Japan, and the Yukawa Institute for Theoretical Physics,
its faculty and staff, and especially Akira Furasaki, for a lovely autumn
visit when much of this book was written. Also, the University of Utah
has supported the writing of this book with a sabbatical year, and the
National Science Foundation has given support off-and-on over the
years — starting first as a high school student in the summer of 1959.

To numerous students - Rudo Rémer, Kazumoto Iguchi, Joel Campbell
in particular - colleagues and friends — thanks. Also, I thank Maria
Cranor for reading the manuscript.

Finally, I thank Dr. K.K.Phua of World Scientific for suggesting and
supporting the publication of this book, and for introducing me to Ms.
Lakshmi Narayanan - ‘my editor’ — who has made a hard job as painless
as possible.

Bill Sutherland
Salt Lake City, Utah
March 31, 2004
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Chapter 1

Overview

This book is a text on a subject — exactly solved quantum many-body
problems — that is usually considered to be ‘difficult’. This subject be-
longs within the realm of mathematical physics — too mathematical to
be ‘respectable’ physics, yet not rigorous enough to be ‘real’ mathemat-
ics. However, over a period of more than seventy years, there has been
much success in understanding the detailed ‘how and why’ of such mod-
els. The results are quite interesting for their own sake, and so there are
perennial attempts to translate this body of work into either respect-
able physics or real mathematics; this is not that sort of book. Instead,
this book attempts to discuss the models and the solutions in their own
‘intrinsic” language. But before we begin this program, in this chapter I
would first like to try and sketch the motivation and strategy with a
minimum of equations. So this first chapter is offered to encourage a
general audience to read on; it can certainly be skipped by the experts.

1.1 Orientation

Let us begin with an informal description of the type of physical prob-
lems we will be trying to capture with our exactly solved models. The
proper language to discuss these problems is the language of statistical
mechanics; let us agree on terms. We start with a closed, insulated con-
tainer filled with a fixed amount of chemically pure fluid - say water,
for example. We might see something like the top picture of Fig. 1.1.
We wait until nothing appears to be changing within the container —
the fluid is in equilibrium. We know from experience that the fluid
will then be uniform and have a unique temperature and pressure - it is
in a thermodynamic state. (Actually, we show the fluid with a slight
density and pressure gradient due to an external gravitational field.
Thus, it is really temperature and chemical potential that are uniform,




