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Preface

of any engineer and physical scientist. That is because virtually all of today’s technology is

based, at least in part, on this knowledge. The basic subject material of what is called mod-
ern physics is very nearly 100 years old, so that it is hardly modern at at all. Yet just as Newton’s laws,
today 300 years old, Maxwell’s equations, today nearly 150 years old, and the laws of classical sta-
tistical physics, more than 100 years old, remain applicable and essential in their respective domains
of physical law, so too do the two major developments of the first half of this century: relativity and
quantum mechanics. These fundamental subjects underlie a vast scope of application that contin-
ues its inventive course today. Moreover, research on fundamental physics has not stopped with rela-
tivity and quantum mechanics, and working scientists still face questions as interesting as any that
have been answered in the past.

Both relativity and quantum mechanics require the student to make difficult changes in how
he or she thinks the physical world works. The subjects violate prejudices that have been built up
by everyday experience. For this reason, precision and clarity of explanation are, for us, the first
and most important part of the material. We have made every effort to avoid the “it can be
shown” approach and to present modern physics in a way that makes its interconnectedness, as
well as its connection to classical physics, evident.

Throughout this text, we have built in a historical approach—a discussion of how a subject
developed and the thinking that led to its maturation. Often this historical perspective is inter-
woven with the material; at other times it would interrupt an efficient and compact presentation,
and then we present it on the side, as it were. We feel that this approach is useful in that it stress-
es that the roots of the revolutionary advances lie in experiment; it also makes the text more fun
to read.

The book forms the basis of a traditional course in the subject. It contains, in a mathematical
language that we have deliberately kept at a level we felt students would be comfortable with,
descriptions of the laws of quantum mechanics. It describes applications of these fundamental
ideas to both technological and scientific issues. Finally, it describes the subject matter that is of
fundamental interest today. All this material is too much to cover in one semester, the usual
length of time for such courses, so a more detailed explanation of what we do is in order. This
will allow the instructor to make a reasonable choice of what to cover and provide guidance to
the reader for the use of the material in the book.

We have broken the material into two parts, even if the boundary between the coverage of
the different parts is not always perfectly sharp. The first chapter replaces what would otherwise
be a steady set of footnotes referring the reader to an introductory calculus-based textbook.? In
other words, Chapter 1 is a place to remind students of things that, ideally, they should have fully
absorbed in their introductory courses. While the chapter cannot replace such a textbook, it can
be a convenient road map to the introductory material. It also constitutes a type of formulary of
classical physics. But we urge the student to keep his or her introductory text and to consult it
when necessary. The chapter contains no examples or problems, and it is not meant to be
assigned as normal course material.

Part 1 is a treatment of the fundamental laws of quantum mechanics. This is a subject with a

K nowledge of the revolutions of 20th-century physics is an indispensable part of the training

@ For example, see Fishbane, Gasiorowicz, and Thornton, Physics for Scientists and Engineers, 2d ed. (Englewood Cliffs,
Prentice Hall, 1996).



ii  Preface

fascinating yet complex history, but we feel that the number of missteps in the development of
quantum mechanics speak against a full historical interweaving of the material with the rest of
the text. Thus a separate historical introduction is presented. Chapter 2 describes the experimen-
tal data that could not be encompassed by classical physics and examines the daring ideas that
opened the gateway to the development of quantum mechanics. Bohr’s approach to the structure
of the hydrogen atom provided the critical breakthrough, and it merits a chapter on its own,
Chapter 3 Extended to circular orbits for other central forces, that approach leads to the quantum
nature of rotational and vibrational motion, and it also provides a useful tool for the dependence
of energy levels on the relevant physical parameters.

Chapter 4 introduces the Schrodinger equation. Here the problem is to find a way to present
this material without getting too heavily into mathematics. One common approach is via wave
packets, but they are something with which many students using this text may feel uncomfort-
able. Instead, we motivate the Schrédinger equation by using classical parallels and the physical
meaning of a wave function to argue the form of the Schrodinger equation. This involves bring-
ing in the probability interpretation of the wave function in what we feel is its proper place: right
at the beginning. We have kept the mathematics involved in actually solving the Schrédinger
equation low, treating just the infinite well here. Only in Chapter 5 do we go into the addition of
plane waves with easily managed distributions to get at the concepts of wave packets and of
probabilities for measurements of momentum. In that way we can understand the particlelike
behavior of a superposition of waves. This material also allows us to introduce the uncertainty
relations. We show how they “shield” quantum mechanics from contradictions, and we illustrate
their utility in making estimates of ground-state energies.

Starting with Chapter 6 we are in position to see what the Schrodinger equation has to say
about some interesting potentials, namely barriers and wells. A good deal of useful physics about
scattering and bound states can be conveyed for these mathematically simple situations. We pay
particular attention to the physics of tunneling, relating it to internal reflection and to a demon-
stration that can actually be done in class and describing where it is relevant to physical phe-
nomena. Chapter 7 is a discussion of the Schrodinger equation in the context of the coulomb
potential. It is in this chapter that we treat angular momenta, even if we do not employ much in
the way of mathematical rigor, and our discussion of the hydrogen atom is concentrated in this
chapter, along with the Zeeman effect and the concept of spin. In Chapter 8 we conclude our dis-
cussion of the principles of quantum mechanics with the treatment of many-body systems and
the symmetry of the wave function for identical particles. This subject is indispensable for an
understanding of solids and other material systems, and by putting the exclusion principle here
we are prepared for its applications in many domains.

Part 2 of the book is labeled “applications,” and it contains discussions of those areas, both
in nature and in technology, that cannot be understood without quantum mechanics. The instruc-
tor can easily pick and choose among the chapters in this part of the text if he or she is pressed
for time. Still, one needs to be aware that there are constraints in some cases; for example, it
would be difficult to teach the physics of semiconductors without having first seen the
Fermi-Dirac distribution.

Part 2 begins (in Chapter 9) with a discussion of complex atoms and of molecules. We are pri-
marily interested in the quantum mechanical basis of the periodic table, in the way that minima
in energy are associated with the mechanisms by which atoms can form molecules, and in sim-
ple molecular spectra. The next chapter is a treatment of thermal systems, and because some of
the students who take this course may not have had a good background in that material we begin
with a simple treatment of classical statistical mechanics, an extremely useful subject for any
future engineer or scientist. A treatment of specific heats allows us to understand why one needs
a discussion of statistical quantum mechanics. The Boltzmann distribution, a major target, is not
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only extremely important on its own, it also provides a guide for the development of the quan-
tum mechanical distributions for identical particles. In each case, very simple arguments based
on the idea of thermal equilibrium are used. We can also make the connection back to the black-
body distribution first described in Chapter 2, closing a circle.

In Chapter 11 we describe how one can think about unstable systems in quantum mechan-
ics, a topic relevant to atoms in excited states and, by extension, to lasers, whose operation and
use form a major part of the chapter. Chapter 12 describes applications to the solid state, a topic
so large that we have been forced to make some restrictive choices. We have tried in part to
choose according to topics of the greatest current interest to engineers. Accordingly, we have
begun with a treatment of how electricity is conducted in materials. When this is coupled with
the essential description of band structure, we are led in a natural way to the behavior of semi-
conductors, a subject with exceptionally rich, diverse applications. We nevertheless restrict our-
selves to the more comprehensible topics, leaving out a detailed treatment of many of the more
complicated ones—the many varieties of transistors, for example. We also take the opportuni-
ty to describe what we think are the most interesting and physically significant aspects of su-
perconductivity. The last chapter in this part, Chapter 13, contains a selection of topics in
nuclear physics. The subject is a complex one, and we have chosen on the basis of what we
think will illuminate best its various facets; the applications that we examine are equally di-
verse.

Chapter 14, on particle physics, addresses the unanswered questions of just what are the un-
derlying laws that govern all the other aspects of matter we have described in this book. Itis a high-
ly qualitative and descriptive chapter, but it is also a modern one, concentrating on those issues that
are actively addressed today.
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