SIAM REV. @ 1997 Society for Industrial and Applied Mathematics
Vol. 39, No. 2, pp. 333-374, June 1997 010

BOOK REVIEWS

EDpITED BY R. B. KELLOGG

333


AA
Highlight

AA
Cross-Out


352 BOOK REVIEWS

Group Theory and Physics. By S.
Sternberg. Cambridge University Press,
Cambridge, UK, 1995. $29.95. xiii +
429 pp., paper. ISBN 0-521-55885-9.

The usual starting point of many books
devoted to applications of group theory to
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physics is the exposure of its basic no-
tions and theorems. For most readers this
is quite a serious psychological barrier as
the necessity and naturality of these no-
tions and theorems are clarified after tran-
sition to applications. The author of this
book takes another course, and in its first
chapter introduces to the reader plenty of
examples which illustrate the fundamental
notions of “symmetry” and “symmetry of
the problem.” The three main sources of
symmetries in the real physical problems
can be roughly classified as follows:

(i) the symmetries of space and time,

(ii) indistinguishability of the elementary
particles of the same kind,

(iii) symmetries of various model physical
systems.

The space—time symmetries manifest
themselves by an equivalence of all inertial
coordinate systems. In plain words this
means that the physical laws are formu-
lated identically in all inertial systems. As
an example one can consider Maxwell equa-
tions. In his epoch-making paper Einstein
proved that these equations are invariant
with respect to Lorentz transformations of
space and time coordinates. The set of
all such space—time transformations form
a ten-dimensional Lie group which Wigner
named the Poincare group, and what is re-
ally important—the physical quantities un-
dergo linear transformations as well. This
is the way in which the classification of
the representations of the Poincare group
enters into physical considerations. More
common in practice are its subgroups of
rotations of the ordinary three-dimensional
space and proper Lorentz transformations.
This results in a classification of the phys-
ical quantities according to their represen-
tations. Just in this way scalars, vectors,
and other tensors of different ranks arise.
Further, quantum mechanics reveals the
fundamental role which the covering group
of rotations plays, and this leads to the
appearance of new physical objects known
as spinors of various ranks.

The second origin of symmetries in the
physical problems—the indistinguishability
of the elementary particles of the same
kind—has the effect that any permutation
of two or more identical particles is obvi-
ously a symmetry operation for the system

under consideration. Besides, the theory of
the permutations groups developed mainly
by Frobenius and Schur provides the model
for discussion of more complex groups.

Finally, the third occurrence of the pow-
erful group methods is in the search for
higher symmetries in the imaginary worlds.
As an example, the electromagnetic inter-
action of the protons in the nucleus can be
neglected so that the neutrons and protons
to be treated in main as different states of
nucleons.

All these aspects of symmetry manifes-
tations are discussed in depth in Stern-
berg’s book. The first chapter starts with
basic definitions and examples and ends
with a detailed treatment of the fullerene
molecule. The second chapter provides the
basic facts from representation theory of the
finite groups. Next comes Chapter three,
in which molecular vibration is explained
using vector bundles methodology. The in-
duced representations method of Frobenius
developed here culminates in Mackey the-
ory. Compact and some noncompact Lie
groups which play major roles in physics
are discussed more systematically in the
fourth chapter. The final chapter is de-
voted to representation theory of the uni-
tary groups. All this takes approximately
300 pages, which are supplemented by an-
other approximately hundred pages in the
form of seven appendices. They comprise
more technical aspects and rigorous proofs
of the basic theorems in representation the-
ory omitted in the main text. The only ex-
ception is Appendix F, in which the history
of 19th century spectroscopy is presented.

As a whole, this is a book written by
a mathematician for a mathematical au-
dience and could serve ideally as a text
for an advanced graduate course. As with
other Sternberg writings, the subject is well
shaped and the exposition is fairly lucid.

In conclusion I consider Sternberg’s book
a fine addition to the existing literature
and strongly recommend it to anyone with
an interest in learning how to use group-
theoretical methods to understand concrete
physical problems. The potential reader
might wish to also have a look at some
“physical books.” A noncomprehensive list
of titles which belong in this category can
be found below.
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