Wavelet theory is one of the few
fields in mathematics that produces
little tension between its theory and
applications. Few sacrifices in rigor
are needed in presenting a full theory
of wavelets, and it is possible to present
applied results using wavelets (on the
processing of electroencephalogram
data, for example) without any sacrifice
of rigor. This has attracted many pure
mathematicians to the field, including
many talented harmonic analysts.
France has traditionally been strong
in harmonic analysis, and the fact that
wavelets originated there has led to a
large amount of high level work in that
country. Books on the subject originat-
ing in France include Meyer’s Wavelets
and Operators (Cambridge U. P,
1992). Another, more standard, refer-
ence, originating in the US, is Dau-
bechies’s Ten Lectures on Wavelets
(SIAM, 1992)

The author of Wavelets: An Analysis
Tool, Matthias Holschneider, is a physi-
cist at the Centre de Physique Théori-
que in Marseille, France, who has
made a number of theoretical and ap-
plied contributions to wavelet theory;
in the true spirit of wavelet theory, his
book covers both applied and theoreti-
cal aspects. It is intended as a gradu-
ate text and serves this purpose very
well, despite an absence of exercises
(the inclusion of which would make the
book much more marketable in Ameri-
can universities) and a somewhat terse
exposition at some points.

The book starts by providing nu-
merous examples (complete with spec-
tral diagrams) of wavelets used in con-
tinuous wavelet transforms, together
with the theory needed to understand
them. Discrete wavelet expansions are
then explained. Other related wavelet
expansions are also considered, includ-
ing nonorthogonal ones, and computa-
tional and reconstruction issues are con-
sidered, as is the occurrence of a Gibbs
phenomenon in wavelet expansions.

The book includes statements of the
fundamental theorems of analysis,
with proofs, where needed, that a
reader requires to handle the material.
This should be a great help to the
practicing physicist who wishes to ob-
tain thumbnail sketches of the analysis
theorems that underlie the results de-
tailed in this book.

All in all, the book could serve well
as a text, reference or tutorial on wave-
lets. It has a strong theoretical com-
ponent and contains the foundations
for most current applications of wav-
elet theory, and its novel approaches
in some parts make it worthwhile for
an expert.

MARK A. KoN
Boston University
Boston, Massachusetts
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Lectures on Quantum
Theory: Mathematical
and Structural
Foundations

Chris J. Isham

Imperial College P. (World
Scientific), River Edge, N.J.,
1995. 220 pp. $48.00 hc
ISBN 1-86094-001-3; $22.00 pb
ISBN 1-86094-000-5

There has been a recent increase in
interest in the conceptual and mathe-
matical foundations of quantum theory.
This has been stimulated by, among
other things, recent developments in
relativistic cosmology and attempts at
understanding quantum gravity.

The author of Lectures on Quantum
Theory, Chris Isham, is a professor of
theoretical physics at Imperial College,
London. He is one of the leaders in
the field of “quantum gravity.” (I use
quotes, since we do not yet know what
this term really means.) He has made
numerous contributions to the under-
standing of the geometrical concepts
underlying attempts to formulate
quantum gravity and quantized gauge
theories. Recently, with Abhay Ash-
tekar, he has developed a line of re-
search close to my heart: a “holonomy”
approach to quantizing gauge theories
and general relativity. (They are using
parallel transport along loops to gen-
erate appropriate algebras of fields and
observables.)

The book is based on lecture notes
handed out to undergraduates at Im-
perial College. In the US it could serve
as an excellent supplement for an in-
troductory graduate course on quan-
tum mechanics, one in which the stu-
dents learn the “how-to’s.” The discur-
sive style and clear exposition make
for equally attractive reading by some-
one familiar with the subject or by a
student who has only a rudimentary
knowledge of atomic theory. The first
50 pages (after a brief review of
Schrédinger wave mechanics) are de-
voted to a discussion of vector spaces
and operators. There are no detailed
proofs in the infinite-dimensional case;
this is balanced by a nice supplement of
solved problems at the end of the book.

As stated by the author, “One of the
main goals of the book is to explore
some of the deep conceptual issues that
arise in quantum theory.” Isham does
this very skillfully in about 130 pages,
without grinding any particular axe,
by choosing to “focus on the notion of
physical property, and the extent to
which it is, or is not, meaningful to
talk about a quantum system ‘possess-
ing’ such properties.”

After three review chapters, Isham
begins his discussion (in chapter 4)
with the ideology of classical physics,
emphasizing the seamless meshing of
the “realist” and “instrumentalist”
views of science. The next two chap-
ters discuss in detail the rules of quan-
tum theory, both for pure (vector) states
and mixed (density matrix) states, with
a good description of the relation be-
tween the mathematics and the physi-
cal concepts. At this stage the author
adopts the pragmatic approach, leav-
ing open questions of interpretation.

The last chapter (chapter 8) is a
very clear and succinct exposition of
the conceptual problems of quantum
theory. The chapter is organized
around four main topics: the meaning
of probability, the role of measurement,
the reduction of the state vector and
something called quantum entangle-
ment. These four problems are dealt
with in a lively and interesting way, and
although some of the author’s philosophi-
cal sympathies can be guessed, the ex-
position is as objective as one can be on
the subject, emphasizing the open ques-
tions and the fact that one can be a quite
successful practitioner of quantum the-
ory even if one does not worry about the
problems raised.

I would strongly recommend that
anyone teaching the subject use this
little book as supplementary reading.
Although it is less detailed than other
recent books, it gives the reader a good
bird’s-eye view of the problems that
bother many newcomers to the field
—even some experienced users of
quantum theory. Getting a feel for
these questions is critical if one is ever
to understand the quantum theory of
closed systems such as our universe.

The main text is supplemented by
a substantial number of problems with
solutions, which should help the begin-
ner master the mathematics. The book
is carefully typeset and, unlike other
books published by major publishing
houses I've reviewed recently, the num-
ber of typos I found is very small (3 or
4). An amusing one is that Karl Pop-
per’s knighthood “Sir” has become his
initial in the bibliography.

MEINHARD MAYER
University of California, Irvine

Relativistic
Atomic Collisions

Jorg Eichler and Walter Meyerhof
Academic P, San Diego, Calif.,
1995. 413 pp. $74.95 he

ISBN 0-12-233-675-5

As a boy, I never really understood the
difficulty my high school physics
teacher had with the way water gets



to the top of a tree. Anyone who has
watched an English oak segue in the
wind can only wonder why all the sap
is not pumped right to the top anyway.
Vines on the other hand, are different;
their weight is supported laterally. I
decided that high-growing vines must
suck their nutrients directly, horizon-
tally, from the host.

I revisited these incorrect notions
recently in reading the lively book by
Jorg Eichler and Walter Meyerhof, Re-
lativistic Atomic Collisions. A theorist
and an experimentalist respectively,
they have cooperated in describing the
upper canopy of a particularly beauti-
ful vine, ion—atom collisions, which has
been quietly growing up the stalwart
tree of nuclear heavy-ion physics for
three decades. In my more mature
wisdom, I would describe the relation-
ship as one of dependence; as Eichler
and Meyerhof demonstrate, it is cer-
tainly not parasitic.

In the early 1960s, inspired by T. D.
Lee and, if my memory serves me cor-
rectly, accompanied by Allan Bromley’s
justified skepticism, the task of pro-
ducing beams of highly stripped ions
was undertaken. The aim was to bring
two nuclei together at the Coulomb
barrier and create a few drops of ele-
mental quark—gluon nuclear fluid.

Atomic physicists saw a completely
different opportunity: a collision be-
tween electrons and ions in which the
coupling constant (the ionic charge)
was an adjustable parameter. And, by
using the beam at CERN’s Low Energy
Antiproton Ring, experimenters could
even make the coupling constant
change sign.

Werner Brandt, Lew Cocke, Sheldon
Datz, Helge Knudsen, Horsdal Ped-
ersen, Pat Richard, Ivan Sellin, Horst
Schmidt-Bocking, Nico Stolterfoht and
others added a considerable amount of
new data to the fields of stopping pow-
ers, charge transfer, electron correla-
tion, high-coupling-constant quantum
electrodynamics and so on. And theo-
rists with very diverse backgrounds,
such as Walter Greiner, Ron Olson and
Rufus Ritchie, were drawn in to try to
explain it all.

Eichler and Meyerhof take us rap-
idly through these developments.
Their aim is not so much to help us to
understand old problems as to get an
advanced researcher into the atomic
physicists’ own elemental fluid, the Di-
rac sea. They have largely succeeded.

Relativistic collisions allow the ex-
citation of the vacuum; a host of won-
derful new physical processes emerge.
A fully stripped relativistic ion imping-
ing on an atom delivers an electromag-
netic pulse dwarfing that produced by
the most powerful laser. Recently Datz
performed a breakthrough experiment
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in which fully stripped lead ions with
an energy of 160 MeV/nucleon were
observed to change their charge after
collision with a gold target. I asked Datz,
“Where do the electrons come from?” He
replied, “The nuclei make their own.”
Yes, this field has developed because
of the existence of the experimental
equipment provided by the need to
understand nuclear heavy-ion and
high-energy physics, but ion—atom col-

lisions has now entered into a decade
where its physics is truly its own. If
you want to learn about this, or better
yet, join in, Relativistic Atomic Colli-
sions is a very good place to start. But
dont leave it too long. LEAR is already
dead, if not yet chopped down. When
the trees go, so will the vines.
JOHN F. READING
Texas A&M University
College Station, Texas
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Excitations in Liquid
and Solid Helium

- Henry R. Glyde
Oxford U. P, New York, 1995.
437 pp. $95.00 hc
ISBN 0-19-851009-8

Henry Glyde’s Excitations in Liquid
and Solid Helium, number 9 in the
Oxford Series on Neutron Scattering
in Condensed Matter, is a fine addition
to the literature. It belongs on the book-
shelf of anyone seriously interested in
understanding the theory of excitations
in quantum fluids and solids. The book
emphasizes theory relevant to an in-
terpretation of scattering experiments.
The text is presented in four sections:
solid helium, liquid helium-4, liquid
helium-3 and high-momentum trans-
fer. It makes reference to some 400
original publications. The book is
timely, given the recent debate and
advances in measurements of the con-
densate fraction in *He and the recent
high-precision measurements, includ-
ing those for ®He. In some sense, the
book can be considered to be a com-
panion volume to Excitations in a Bose-
Condensed Liquid, by Allan Griffin
(Cambridge U. P, 1993). Taken to-
gether, the two books cover excitations
in quantum fluids and solids in a com-
prehensive manner.

In the section on solid helium, Glyde
discusses single-phonon, multiphonon
and interference contributions to the
dynamic structure factor, and he pre-
sents a thorough description of the
self-consistent phonon theory, includ-
ing short-range correlations. In the
section on liquid “He, the emphasis is
on phonons, rotons and single-particle
excitations, all of which can be ob-
served through neutron scattering ex-
periments. The treatment includes a
nice discussion of the microscopic the-
ory of the liquid and also covers the
early seminal ideas of Lev Landau,
Richard Feynman and the Feenberg
school, including the dielectric formu-
lation and the correlated basis function
approach. In the section on liquid *He,
Glyde develops Landau Fermi- liquid
theory, reviews the microscopic basis for
Landau theory provided by many-body
theory and discusses various models and
approximations. The final section, high-
momentum transfer, includes a develop-
ment of the impulse approximation and
final state contributions, and a discus-
sion of the condensate.

Although the book is in the Oxford
Series on Neutron Scattering, Glyde
also reviews the relevant literature in
x-ray scattering. A strength of the book
is that Glyde makes heavy and re-
peated use of experimental results
from both neutron and x-ray scattering
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