
cules and solids. Among the names,
taken at random, are Coulson,
Longuet-Higgins, Condon, Massey,
Hirschfelder, Mulliken, Pauling, the
Pullmans, Frohlich, Van Vleck, Bar-
deen, Schockley and Lowdin.
Subjects range from "Collisions of
Slow Positrons with Atoms," through
"Charge Transfer Complexes in
Biochemistry," and "The Size of an
Exciton in a Molecular Crystal," to
"Superconductors and Superfluids."
The paper by A. C. Wahl on "Pictures
of Molecular Orbitals" recalls Slater's
paper of 1931 on "Directed Valence in
Polyatomic Molecules," which had

many photographs of molecular mod-
els. Earl Callen has a short and witty
paper on "Quantum A Go Go." H. C.
Longuet-Higgins concludes his paper
on "Second Quantization in the Elec-
tronic Theory of Molecules" with the
sentence: "Creation and annihilation
operators in molecular quantum me-
chanics are here to stay," and in his
bibliography, the 1929 paper by J. C.
Slater has the notation: "The birth
certificate of the Slater determinant."

All the contributed papers are at a
high level of excellence: They con-
stitute a volume that is not only a
tribute to a great man but is also a

substantial landmark in quantum the-
ory. A perusal of these papers re-
veals the correctness of Leland C.
Allen's remark in his paper on "A New
Approach to Many-Electron Theory at
Intermediate Densities": "There is
no question that Slater's influence on
the course of science will be even
greater during the next 35 years than
it has been in the past 35."

Joseph G. Hoffman is professor of physics
and a member of the Center for Theoreti-
cal Biology at the State University of New
York at Buffalo.

APW calculations for the beginner

AUGMENTED PLANE WAVE METH-
OD: A GUIDE TO PERFORMING
ELECTRONIC STRUCTURE CALCU-
LATIONS. By Terry Loucks. 256
pp. W.A. Benjamin, New York,
1967. Cloth $10.00, paper $4.95

by John C. Slater

During the last few years, we have seen
a great many books on physics in a new
format: photo-offset reproductions of
lecture notes or other types of rather in-
formal presentations, often supplemen-
ted by reproductions of papers funda-
mental to the field under discussion.
This is one of them. There are really
three parts to it: the general descrip-
tive text that grew out of a set of lec-
tures given in the summer of 1965 at
Iowa State University; a detailed de-
scription of computer programs for
carrying out the calculations, together
with reproduction of the programs; and
copies of 17 leading papers dealing
with the augmented-plane-wave meth-
od. The result is an invaluable com-
pendium of material on the augmented
plane-wave method that should be of
great use in introducing graduate stu-
dents and more mature workers to
this addition to our repertoire of math-
ematical approaches to the theory of
solids. It forms one of the "Frontiers
in Physics" series (David Pines, editor)
that has already included a consider-
able number of very useful books of
the same general type. The reviewer
agrees with the opinion expressed in
the editor's foreword to the series, to
the effect that rather informal publica-
tion like the present volume forms a

very valuable way of communicating
information in a rapidly expanding
field.

The augmented-plane-wave method
is a device for solving the problem of
motion of a single electron in a period-
ic potential, such as it encounters in a
crystal, if an approximation by a self-
consistent-field method reduces the
many-body problem to a one-electron
problem. The reviewer takes a very
personal interest in the method, since
he introduced it in a paper in the
Physical Review in 1937, and most of

the development has been by his stu-
dents and in his research group at
MIT. Terry Loucks, the author of
this excellent work, is one of the few
physicists who did not obtain their
training in the MIT group that has
taken up the method. This puts him
in a particularly strategic position to
evaluate the method and its potentiali-
ties as a partly outside observer.

In the 100-odd pages of text that
form the first part of this work, Loucks
first critically compares the various
methods now in use for energy-band
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calculations: the OPW or orthogon-
alized-plane-wave method; the closely
related pseudopotential method, ap-
plied particularly to the NFR or nearly
free-electron case; the KKR or Kor-
ringa-Kohn-Rostocker method; and the
APW or augmented-plane-wave meth-
od, most closely related to the KKR
method. The OPW and pseudopo-
tential methods have been most use-
ful for the so-called "simple crystals,"
metals such as sodium, magnesium and
aluminum, and semiconductors such as
silicon and germanium.

The APW method, on the contrary,
is the best one for crystals containing
transition elements, and containing
heavy atoms. The applications de-
scribed in this book are to metallic
crystals with only one atom in the unit
cell, but the method has been applied
as well to more complicated elements,
and to many compounds. The book
contains a good bibliography, and in-
formation about all the crystals that
have been treated by the method.
Too recent for inclusion are some
papers, some not yet published, on the
application of the method to ferromag-
netic and antiferromagnetic crystals.
For problems of this latter type, the
method and the closely related KKR
method are practically required, since
they are the only ones capable of han-
dling the transition elements in an a
priori fashion.

The part of the theory to which
Loucks has made the most significant
contribution is the adaption of the
method to atoms heavy enough to
require relativistic treatment. This
means at least the latter half of the
periodic table. There is a good dis-
cussion of all the points connected
with setting up the relativistic calcula-
tion, a method that remarkably
enough is not much more difficult
than the nonrelativistic version.

After the textual material, there are
nearly 50 pages devoted to details of
computer programs for making calcu-
lations. This is particularly useful, for
the method so far has been used, as
was indicated in an earlier paragraph,
almost entirely by the students of the
reviewer, who got their training at
MIT. Loucks worked up his pro-
grams by himself, and this volume
should help others to do the same.
Many workers in other institutions
who have been using the pseudopo-

tential and other methods, feeling that
they were simpler, might well be in-
spired by this book to learn the more
powerful methods of the APW tech-
nique.

Finally, as was mentioned earlier,
there are facsimile reproductions of 17
of the leading papers that have so far
appeared, dealing either with the tech-
niques of the method or with
energy-band calculations made by use
of it. These are well chosen and fur-
nish a very valuable supplement to the
material presented in the earlier part
of the text.

It is only fair to say that this text
does not cover all aspects of the APW
method. For one thing, the matter of
symmetry and of the application of
group theory to the study of energy
bands in crystals is almost completely
omitted. For the very simple crystals
under discussion by Loucks, this is not
unreasonable; the simplification of the
problem that can be brought about by
use of group-theoretical methods is not
necessary in order to get useful results.
But as one goes to more complicated
crystals, with many atoms in the unit
cell (not treated in this volume),
group theory becomes increasingly
necessary to bring the problem within
the range that can be handled with
present computers. It may be appro-
priate to point out that an extensive
review article on the method, now
under preparation by L. F. Mattheiss,

J. H. Wood, and A. C. Switendick,
will provide a great deal of additional
material, and when it is published, it
should provide a useful supplement
to the present book.

There are advantages, however, in
simplicity, and the opinion of the re-
viewer is that the book of Loucks con-
tains just about the amount of detail
that should be found in a text intend-
ed to give the reader a first acquaint-
ance with the method.

John C. Slater is Institute Professor Emeri-
tus at MIT and graduate research profes-
sor of physics and chemistry at the Uni-
versity of Florida.

Subtle and eclectic history

THE ROLE OF MATHEMATICS IN
THE RISE OF SCIENCE. By Salo-
mon Bochner. 386 pp. Princeton
U. Press, Princeton, N. J., 1966.
$9.00

by Eugene P. Wigner
This is not an easy book to read or re-
view. Its purpose is, if we believe its
title, to describe the role that mathe-
matics plays in the sciences, and it de-
scribes much of this. However, it
does much more—it gives a history of
mathematics as seen by the author, and
this is a delightful history. Almost
every page has some subtle observa-
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