
vector 4>n. However it has now been
proven quite generally that the evolu-
tion of the state vector according to the
Schrodinger equation for the object in-
teracting with the measurement appa-
ratus is incompatible with any such "re-
duction." As is well known, this prob-
lem is resolved, without hidden-vari-
ables, by assuming instead that the
state vector describes only the statisti-
cal properties of a certain ensemble of
similar systems. The "reduction of the
state vector" is then not a physical pro-
cess, but merely the "selection of a sub-
ensemble for which the measurement
had a certain result. From this point of
view the above models constitute a
backward step. An individual system
may equally well be regarded as a mem-
ber of the original ensemble or of the
sub-ensemble, but the predictions made
by one of those models for some future
measurement may depend upon wheth-
er the full or reduced state vector is em-
ployed, even if the hidden variables £
are identical in both cases. To avoid
such paradoxes and obviate the "prob-
lem of measurement," the HV predic-
tion A — an should be determined by a
function of the form ri = n(£, (</>,•(). It
should not depend explicitly on the
state vector \p, whose role should be to
determine the probability distribution
of the HV £. Is such a theory possible?
Apparently no research has been done
on this important question.

The last part of the book concerns
correlations between spatially sepa-
rated, noninteracting systems. A rep-
resentative example would be the corre-
lation between the polarizations of two
photons emitted in the, decay of singlet-
state positronium, although certain
atomic cascade transitions are techni-
cally easy to study. A theory of the sec-
ond kind is based on the locality hy-
pothesis that whether or not one of the
photons passes through a polarization
filter is not affected by the experiences
of the other photon at a distant filter.
•J. S. Bell showed that the locality hy-
pothesis implies a certain inequality for
the polarization correlations, and,
moreover, that some predictions of QM
violate this inequality! The experimen-
tal results of Stuart J. Fre^dman and
John F. Clauser at Berkeley agree with
QM and disagree with Bell's inequality,
while those of Richard Holt at Harvard
(for a different cascade transition) agree
with Bell's inequality and disagree with
QM.

I have deliberately spoken of a dis-
agreement of QM with Bell's inequality,
rather than with HV theory, because it
has lately been realized that the locality
hypothesis from which Bell's inequality
is derived does not require the existence
of hidden variables. Neither Bell's
original paper nor this book reveal this
greater significance of the contradiction
between QM and locality, the experi-

mental investigation of which has been
compared in importance to the Michel-
son-Morley experiment.

Having originated from a dissatisfac-
tion with the indeterministic nature of
quantum mechanics, the study of hid-
den-variable theories has transcended
that limited origin and has yielded im-
portant insights into the nature of
quantum theory. Belinfante is to be
congratulated for providing this read-
able survey of the subject.

LESLIE E. BALLENTINE
Simon Fraser Uniuersity

Burnaby, British Columbia

Elements of Group
Theory for Physicists

A. W. Joshi
316 pp. Halsted, New York,
1973. $5.95

Classical Groups
for Physicists

B. G. Wybourne
415 pp. Wiley. New York,
1974. $19.95

It is increasingly becoming the practice
of university teachers to expand their
lecture notes into books, whether the
need exists or not. Although there are
already numerous books in print on
group theory for physicists, A. W. Joshi
and Brian Wybourne have seen fit to
give us two more. Joshi treats both fi-
nite and infinite groups; Wybourne re-
stricts himself to Lie groups. Both au-
thors have written suitable texts for
graduate students in physics.

I discovered nothing new in either
book. However, the subject of group
theory is a large one, and the physical
applications are many. The books by
Joshi and Wybourne differ in their se-
lection of material, not only with each
other, but with previous works on the
subject. Whether one chooses to learn
about group theory in physics from ei-
ther of these books or from earlier
works, such as Eugene Wigner's Group
Theory and Its Applications to the
Quantum Mechanics of Atomic Spec-
tra, Morton Hamermesh's Group Theo-
ry, Volker Heine's Group Theory in
Quantum Mechanics, or a number of
others, is a matter of taste.

Joshi and Wybourne both discuss
abstract groups and their representa-
tions. Both treat Lie groups and Lie
algebras. Both give applications to
physics within the framework of quan-
tum mechanics.

But the differences between these
books are as great as their similarities.
Wybourne assumes greater mathemati-
cal knowledge on the part of the reader
than Joshi. For example, he assumes
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(International Series of
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1974 367 pp. 16 plates; 142 figs. $32.50

Strong Solids, Second Edition
A. KELLY.

(Monographs on the Physics and
Chemistry of Materials)

1973 285 pp. 5 plates; 64 figs. $22.50

The Theory of Electrical
Conduction and Breakdown
in Solid Dielectrics
J.J.O'DWYER.

State University of New York,
Oswego.

(Monographs on the Physics and
Chemistry of Materials)

1973 326 pp. 126figs. $32.00

The Many-Body Problem
W. E. PARRY.

(Oxford Studies in Physics)

1973 217 pp. I l l figs. $20.00

Developments in the Theory
of Turbulence
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1973 368 pp. 31 figs. $38.50

The Quantum Theory of Light
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1973 350 pp. 84 figs. $24.00
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the reader is familiar with vector
spaces, whereas Joshi devotes a chap-
ter to discussing them. Joshi also
spends considerable time on the finite
point groups, a subject that is absent
from Wybourne's more restricted work.
On the other hand, as expected, Wy-
bourne goes into considerably more de-
tail than Joshi on Lie groups. Wy-
bourne follows the Cartan classification
of these groups and treats root and
weight diagrams in detail. He also
collects material that is not often
found in texts on group theory for
•physicists, such as Dynkin diagrams
and the Chevalley basis.

hi the applications, the principal
problems that Wybourne treats are the
harmonic oscillator, the hydrogen atom
and fermion shell structure. Joshi's
chief applications are to crystals,
atoms and molecules, and to solid-
state physics.

D . B . LlCHTENBERG
Indiana University

Bloomington

Hadron Physics at Very
High Energies

D. Horn, F. Zachariasen
378 pp. W. A. Benjamin, Reading, Mass.
1973. $17.50 hardcover, $9.50 paperback

This book is primarily directed at ad-
vanced-graduate students and re-
searchers in the field of elementary-
particle physics. Although the authors
presuppose a fair degree of sophistica-

• tion on the part of the reader, a much
larger audience may find the book a
useful introduction to the phenomena
of particles interacting strongly at very
high energies.

Certainly the field of strong interac-
tions is essential to a fundamental un-

derstanding of the structure of matter.
It is also true that progress in con-
structing a theory of strong interac-
tions is slow. Thus many of the ad-
vances that have been made have been
closely tied to experiment. Recently, a
tremendous quantity of data has been
collected at the new very high-energy
accelerators at the Fermi NAL, the
CERN Intersecting Storage Ring as
well as the older Serpukhov machine.
For the first time, energies in the re-
gime of hundreds and thousands of
GeV are accessible for study in the lab-
oratory under controlled conditions.
Although an understanding of the
data exists only at a phenomenological
level, some tentative regularities have
been generally accepted as important
new insights into strong interactions.

It is the stated purpose of the au-
thors to "summarize the data and the
models we now have for correlating and
interpreting it." This they are emi-
nently qualified to do. Both have
made many contributions to the field
of strong interactions. David Horn has
had a longtime interest in production
mechanisms at very high energy and
has written many papers on the
subject. Fredrik Zachariasen has,
among many other things, contributed
a good deal to the understanding of
Regge exchanges, particularly how they
relate to diffraction scattering effects
in elastic cross sections. He is also the
author of Electromagnetic Structures
of Nucleons. Both authors have been
active participants in trying to under-
stand the results from the new acceler-
ators.

The authors have made a very useful
contribution with their book by provid-
ing a bridge to very high-energy phe-
nomena for people who are already fa-
miliar with low- to medium-energy
data and models. Because the authors
are particularly biased towards Regge-
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