five other books, all records of lectures
he presented on different occasions.
General Theory of Relativity, first pub-
lished in 1975, represents a lecture
course he gave after he moved to Florida
State University. Dirac was a man of
few words, and this little book—with
35 sections spanning 69 pages—exhib-
its the concise, direct style that was his
trademark. Seasoned physicists will ap-
preciate the book as an elegant, well-or-
ganized introduction to the basic mathe-
matics and physics of curved space, but
students approaching the subject for the
first time—the intended audience for the
book—will probably have their needs
met better by one of the more detailed
standard introductory texts. Diracis not
necessarily for the beginner in any of the
subjects on which he wrote. As
Schrédinger once said of his own prob-
lems in reading Dirac, ‘{H]e has no idea
how difficult his papers are for the nor-
mal human being.”
R. CorBY Hovis
Valparaiso University
Valparaiso, Indiana
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According to the Oxford English Dic-
tionary, an interface is “a surface lying
between two portions of matter or
space and forming their common
boundary.” Interfaces in Crystalline
Materials, and Surfaces and Interfaces
of Solid Materials—two valuable but
different texts—cover generally differ-
ent portions of the science of solid
interfaces and are aimed at two differ-
ent communities. Hans Liith aims at
the surface scientist, who studies the
vacuum-solid interface; Robert Bal-
luffi and Adrian Sutton aim at the
interface materials scientist, who looks
at internal solid interfaces.

In my opinion, surfaces have been
studied in more detail because they
are easier to approach experimentally,
but internal interfaces are more im-
portant for practical reasons. I can
claim to be one of the small number of
people who have published in both

fields. Thus I have an interest in both
books, but I find that Sutton and Bal-
luffi’s fills a more pressing need.

Besides their different emphases,
the books also have different aspira-
tions. Liith provides a broad, well-
crafted overview of a field in which
there are already several other—al-
though more specifically course-re-
lated—books. Sutton and Balluffi pro-
vide one of the few detailed expositions
of a complex and important field.

Sutton and Balluffi are both highly
regarded scientists in the field of grain
boundaries, the former an experimen-
talist and the latter a theorist. In
writing their book, they have used their
experience well and have covered the
extensive and challenging field of in-
ternal interfaces as well as we could
hope, producing a wonderful addition
to the literature of internal interfaces.
But it is not light reading! Its 800
exhaustive pages contain hundreds of
references and logical and detailed
coverage of all the essential material.
It will be useful not only for students,
but also for scientists in any field
who need a better understanding of
strained-layer epitaxy, for instance.

Sutton and Balluffi also cover the
general complex crystallography of in-
terfaces, known as bicrystallography,
which is particularly important in un-
derstanding interfacial dislocations.
They describe in detail the methods by
which theorists calculate the structure
and properties of internal interfaces.
They discuss both heterophase and ho-
mophase (grain boundary) interfaces.
They cover interface thermodynamics
(such as faceting and phase transitions
as well as segregation), along with ki-
netics (such as diffusion and interface
motion). The book concludes with a
broad description of interface proper-
ties, including electrical and mechani-
cal, with many examples.

Liith’s book comes from the comple-
mentary direction of surface science—
the study of the vacuum-solid inter-
face. It provides a very good introduc-
tion to this subject but is not as ex-
haustive as the Sutton and Balluffi
book. Liith covers ultrahigh-vacuum
technology, surface structure (includ-
ing electronic and vibrational), diffrac-
tion and scattering from surfaces, ad-
sorption and metal-semiconductor in-
terfaces. His book is well annotated
for use as a student text. It focuses
on the complex techniques used to ex-
amine surfaces, whereas Sutton and
Balluffi focus on the underlying science
of internal interfaces, using experimen-
tal data only as illustrative evidence.

This reinforces my original preju-
dice: Whereas the elegant techniques
to probe surfaces are driving surface
science, internal interfaces are a more
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challenging and important problem.
Liith’s book, extensively revised in
1992, is certainly not without merit.
But the obviously great efforts of Sut-
ton and Balluffi in preparing their book
have enormously aided the materials
community.
J. MURRAY GIBSON
University of Illinois at
Urbana—Champaign
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During the last 20 years there has been
enormous growth in the science con-
cerned with the manipulation of mat-
ter with light. An important subfield
is atom optics, which investigates
“atom-optical” elements that focus, re-
flect, split and polarize atoms just as
conventional lenses, mirrors, beam
splitters and polarizers affect light.
Atom-field interactions can also ex-
tend beyond the possibilities of conven-
tional optics. For example, laser cool-
ing can compress the atomic phase
space in apparent violation of Liou-
ville’s theorem, and there is no limit
to the lowest temperature that can be
achieved by laser cooling. Ideas that
were once confined to thought experi-
ments have become routine laboratory
exercises. Nanokelvin temperatures
have already been achieved, as have
Bose-Einstein condensation and the
confinement of atoms in traps much
smaller than an optical wavelength.
Cold atoms are now used for rotation
sensing and nanolithography, as well
as for such more traditional applica-
tions as clocks and frequency stand-
ards. This appears to be only the be-
ginning: I believe that atom optics is
now at the same stage as conventional
optics was in the early 1960s, when
lasers were just becoming common.

In Atom Optics with Laser Light,
Victor Balykin and Vladilen Letokhov
have written a wonderfully clear book
that presents an overview of all but
the most recent results in the field.

They establish the context for atom
optics right in the first chapter, with
comparisons to neutron and electron op-
tics as well as the conventional optics of
photons. The first chapter also includes
a nice short discussion of atom—matter
and atom-static-field interactions.

The second chapter explains the ba-
sic forces that permit light to control
atoms. It begins with a discussion of
the validity of the classical approxima-
tion, which may be a bit off-putting to



