introduction to the many remarkable
quantum properties of Calabi-Yau
sigma models discovered in the last
few years, such as their relation with
supersymmetric minimal models, the
Landau-Ginzburg correspondence
and mirror symmetry. A second book
surveying these developments would
still be a valuable contribution,
though the relatively rapid progress
that is occurring would undoubtedly
make such a book difficult to write.

Computational Methods
in Physics and
Engineering
Samuel S. M. Wong
Prentice Hall, Englewood
Cliffs, N. J, 1992.

677 pp. $48.00 hc ISBN 0-13-
155953-2 Disk included.

Numerical calculation has played a
continuous and vital role in physics
since at least the time of Kepler, yet
the undergraduate curriculum for
physics majors often does not address
the issue at all. A generation ago,
extensive calculation was so tedious
or expensive that it made sense to
postpone education in numerical
methods until a research project re-
quired them. But the drastic change
in computer power, price, and accessi-
bility now calls out for incorporating
computation into the undergraduate
curriculum. The question is where.

Computational Methods in Physics
and Engineering, by Samuel S. M.
Wong, claims to be “mainly con-
cerned with the ways that computers
may be used to advance a student’s
understanding of physics.” It is de-
signed for use either as a text in an
undergraduate course or for indepen-
dent study by seniors and graduate
students.

The book presents a large number
of mathematical and numerical meth-
ods that are met in the physics
curriculum and required later in re-
search; some techniques are ex-
plained in the context of a specific
physics application. The book covers
the traditional topics of numerical
analysis—integration, interpolation
and extrapolation, ordinary and par-
tial differential equations, numerical
linear algebra and least squares fit-
ting (though there is almost nothing
on solving nonlinear equations). In
addition, there are chapters on spe-
cial functions, an introduction to com-
puting (which moves rapidly from
“computer literacy” questions to fac-
toring prime numbers) and very cur-
sory chapters on graphics and com-
puter algebra. There is an extensive
chapter on Monte Carlo calculations
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with numerous applications to rather
specialized topics, including percola-
tion, matrix ensembles and path inte-
grals.

For most of the topics and methods
discussed, Wong begins with a math-
ematical explanation that leads to an
algorithm, expressed in a “box” in
steps that are not quite self-con-
tained. A floppy disk that comes with
the text contains Fortran programs
implementing all the algorithms pre-
sented. This approach is very appro-
priate, as it permits the text to discuss
algorithms in conceptual terms while
the working program lets the student
explore the method and see all the
details explicitly. References to
further theoretical treatment are giv-
en for many methods, but references
to suitable programs and libraries
would have been helpful. Two nu-
merical analysis packages, EISPACK
and LINPACK, are mentioned in the
introduction, but not LAPACK, which is
an updated replacement for both of
them. The introduction also men-
tions NETLIB, a repository for many
useful numerical analysis programs.
But no internet address is given,
which will certainly make it harder
for the unsophisticated network user
to find this important source of mate-
rial for further calculational tech-
niques.

In writing (or reviewing) an under-
graduate textbook, many issues need
to be resolved. One must aim at a
certain level of prerequisite knowl-
edge, and decide between covering
many topics briefly or fewer topics in
a more leisurely fashion, and whether
to lay a broad basis preparatory to
more advanced methods or to present
the methods explicitly. Wong has
chosen to present a large number of
diverse methods explicitly. While the
foundation of each is discussed, I
think more emphasis should have
been placed on explaining the meth-
ods. In the treatment of many topics,
I found it slow going to understand
what the fundamental approach was.
An extreme case was the treatment,
under the section called “extrapola-
tion,” of “Richardson’s deferred ap-
proach to the limit.” I was confused
about where extrapolation fit into
this approach—apparently so was the
author, because his program for im-
plementing this method contains an
extrapolation subroutine but never
calls it!

I also think there is a problem in
the level of presentation. For while
the preface implies that the book is
aiming at a junior level course, topics
such as Clebsch—-Gordon coefficients,
critical phenomena and hydrogenic
wave functions seem to aim at a

higher level. I would prefer to see a
book with fewer methods and topics
and clearer explanations, aimed at a
lower level of physics applications but
at the same mathematical level.
JOEL A. SHAPIRO
Rutgers University

The Monte Carlo Method
in Condensed Matter
Physics

Edited by K. Binder
Springer-Verlag, New York,
1992. 392 pp. $59.50 he
ISBN 0-387-54369-4

Monte Carlo methods have grown
tremendously in importance since
their first serious use 50 years ago.
Recent progress in statistical mechan-
ics has come in the form of greater
and more widespread understanding
of the crucial importance of finite-size
scaling of Monte Carlo data. In addi-
tion, specialists have developed new
algorithms that in some cases can
ameliorate the universal problem of
computations slowing down near
critical points. The Monte Carlo
Method in Condensed Matter Physics,
edited by Kurt Binder, surveys recent
progress and the state of the art in a
number of areas of condensed matter
physics. In most of the 12 chapters
there is a very brief overview of the
subject in question, followed by a
catalog of recent work with many
hundreds of references to the original
literature.

Chapter 1, written by Binder, has a
good discussion of the sources of error
in the context of a finite computa-
tional budget. Chapter 4 covers histo-
gram techniques and algorithms to
beat critical slowdown. These algor-
ithms are very promising, although
the fact that they are not (yet) adapt-
able for vector processors is a signifi-
cant limitation. Alsothere are recent
suggestions that these methods are
sensitive to extremely small imperfec-
tions in random-number generators.
Other chapters are more oriented
toward computational techniques
used for specific physical systems or
situations, such as quantum spins,
random growth, classical fluids, quan-
tum fluids, macromolecules, percola-
tion, interfaces and wetting, and
glasses.

Like the software used in Monte
Carlo methods, the current hardware
situation is rather remarkable. Giant
vector-processing mainframes are tee-
tering on the brink of extinction,
barely able to compete with small
scalar workstations, which have
grown faster and cheaper at a tremen-



dous pace. Atthesame time, parallel-
processing machines are beginning to
proliferate. The authors of chapter 3
provide a nice overview of parallel
architectures and cheerfully inform
us that “in addition to this raw
increase in computer power, however,
the study of parallelism can bring a
fresh view of physical processes with
it.” While this is undoubtedly true,
we cannot ignore the current great
difficulties in finding the fresh view
needed to create efficient parallel
algorithms. As a measure of the
disarray on the hardware side of
things, witness chapter 2 by David
Landau, that extensively discusses
vectorization schemes that work only
on the Cyber 205, a machine that, as
the author delicately puts it, has no
“line of succession.”

This is not a book from which
beginners can learn Monte Carlo
techniques, although it does contain
several chapters that are nominally
introductory tutorials. The student
with a thorough grounding in modern
techniques of statistical physics such
as finite-size scaling and the renor-
malization group (which can be ob-
tained from Nigel Goldenfeld’s excel-
lent new book, Lectures on Phase
Transitions and the Renormalization
Group (Addison Wesley, Reading,
Mass., 1992)) and some grounding in
the basics of Monte Carlo techniques
will find the present book an excellent
reference in learning state of the art
computational techniques in a variety
of areas.

STEVEN M. GIRVIN
Indiana University

Macromolecular
Crystallography with
Synchrotron Radiation

John R. Helliwell
Cambridge U.P., New York,
1992. 595 pp. $165.00 he
ISBN 0-521-33467-5

There is an audible “aha!” in biology
labs whenever the atomic-level struc-
ture of an important biological macro-
molecule becomes known. The think-
ing of an entire subspecialty of bio-
logy changes, and research programs
are rapidly redirected to exploit the
new information. This has happened
often enough in recent years so that
the structure community, consisting
largely of x-ray crystallographers,
cannot possibly keep up with the
demand for new structures. Enter
the synchrotron radiation source.
The ability to measure diffraction
data faster—by orders of magni-
tude—and to measure data that are
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INTRODUCTION TO THE THEORY OF
X-RAY AND ELECTRONIC SPECTRA
OF FREE ATOMS

by Romas Karazija
translated from Russian by W. Robert Welsh

Covering both theory and applications, this up-to-date
volume provides a comprehensive introduction to the
modern theory of X-ray and electronic spectra of free
atoms. Romas Karazija thoroughly discusses ® fundamen-
tals of atomic theory ® creation of excited states ® X-ray
absorption, photoelectron, characteristic emission, and
auger spectra ® bremsstrahlung and X-ray scattering. A
volume in the series Physics of Atoms and Molecules.
0-306-44218-3/304 pp. + index/ill./1992/$79.50

text adoption price on orders of six or more copies: $49.50

PHYSICS OF LOW-DIMENSIONAL
SEMICONDUCTOR STRUCTURES
edited by Paul Butcher, Norman H. March,
and Mario P. Tosi

Physics of Low-Dimensional Semiconductor Structures
surveys the physics and device applications of hetero-
structures containing low-dimensional electron and hole
gases. Noted researchers explore ® magneto-optical
spectroscopy ® electronic and phonon structure of quan-
tum wells  diffusive, mesoscopic, and ballistic electron
transport ® tunneling structures ® phonon scattering ex-
periments, and much more. A volume in the series
Physics of Solids and Liquids.

0-306-44170-5/576 pp. + index/ill./1992/$120.00

EQUILIBRIUM STRUCTURE AND
PROPERTIES OF SURFACES AND
INTERFACES

edited by A. Gonis and G.M. Stocks

Internationally respected contributors utilize a wide varie-
ty of experimental methods—such as LEED and scanning
tunneling microscopy —and semi-phenomenological and
first-principle theoretical techniques to provide new in-
sights into the structure and properties of surfaces and
interface structures. Volume 300 in the NATO ASI
Series: Series B: Physics.

0-306-44307-4/proceedings/384 pp./ill./1992/$110.00

OPTICAL PROPERTIES OF EXCITED
STATES IN SOLIDS
edited by Baldassare Di Bartolo

This authoritative volume presents physical models,
mathematical formalisms, and experimental techniques
for determining the optical properties of excited states in
solids. Volume 301 in the NATO ASI Series: Series B:
Physics.

0-306-44316-3/proceedings/766 pp./ill./1992/$149.50
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