
BOOKS

TEACHING THE LATEST CHAPTERS IN
PARTICLE PHYSICS

a, 3, y . . . Z: A Primer in
Particle Physics

L. B. Okun
Harwood Academic,
New York, 1987. 114 pp.
$25.00 he ISBN3-7186-0374-8;
$9.00 pb ISBN 3- 7186-0405-1

Modern Elementary
Particle Physics

Gordon Kane
Addison- Wesley, Redwood City,
Calif., 1987. 344 pp.
$39.95 he ISBN 0-201-11749-5

Reviewed by Gabriel Karl
With the discovery of the W and Z
particles a new chapter of subatomic
physics has been completed, and the
corresponding theoretical structure,
the standard model, has been general-
ly accepted. There has been a profu-
sion of new books intended to expose
readers to the new concepts required
to understand the standard model
and the new questions posed in this
framework. Of the two books under
review here, one—that by Lev
Okun—is written at the level of the
general literate reader in the Soviet
Union, while the other, by Gordon
Kane, is at the level of a third- or
fourth-year undergraduate physics
major in North America. The two
levels are not so far apart.

Okun is one of the best-known
Soviet particle physicists. He is par-
ticularly famous for his very articu-
late writing. His textbook on weak
interactions, published some 25 years
ago, was very influential, and his
more recent text Quarks and Leptons
seems to have been equally well
received. His Primer is an attempt to
present the standard model, with "a
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bare minimum of special terms and
concepts," to high school graduates.
Although it is hard to know precisely
what a high school graduate in the
USSR has learned, it seems to me
that by selecting the topics and ideas
very carefully, Okun has succeeded in
his task.

The book starts with such elemen-
tary concepts as scalar and vector
products of two vectors (in three
dimensions), momentum and angular
momentum, and works around to
grand unification and superunifica-
tion. The author's mastery of the
subject and of language makes the
book a pleasure to read. It touches on
many subjects within and about parti-
cle physics in a very attractive way. I
cannot resist quoting from the end of
the book, where Okun discusses the
high cost of particle physics research:
"In a certain sense the money spent on
high-energy physics is like the money
spent on our children: Neither is the
best investment for immediate finan-
cial return. Nevetheless, the world is
unthinkable without children and the
future of science is unthinkable with-
out particle physics."

New physical ideas from the stan-
dard model and beyond are treated
sympathetically and with a minimum
of formulae. Its slim size makes the
Primer a suitable book for the particle
half of a semester-long undergradu-
ate course in nuclear and particle
physics at an American or Canadian
institution.

Kane's book is addressed to a slight-
ly more sophisticated audience. It is
meant for a semester course in parti-
cle physics at the undergraduate lev-
el. The content is strongly oriented
toward experiments at the highest
energies and the theoretical concepts
underlying them. The book is there-
fore incomplete as a text on elemen-
tary particles—even K-K mixing and
ordinary beta decay go undescribed.
In contrast to books meant for a
graduate audience, such as Francis
Halzen and Alan Martin's text
Quarks and Leptons (Wiley, New

York, 1984), Kane's book does not
attempt to teach students to compute
precise cross sections or halflives.
Instead Kane stresses order-of-magni-
tude estimates for these quantities.

A great many topics, both within
and beyond the standard model, are
discussed in the book. Often the
discussions are too brief to be useful
and will only confuse the reader. To
give a single example, light mesons
and baryons are discussed in five
pages, one of which consists of tables.
This is a pity because this material
would blend in well with whatever
knowledge of spectroscopy and nu-
clear physics the students might pos-
sess. On the other hand Kane gives
many references to remedy the situa-
tion. The book will be useful in an
undergraduate class where the
teacher is thoroughly familiar with
the material discussed, but it prob-
ably will be of less use for studying on
one's own.

The Earth's Core
J. A. Jacobs
Academic, San Diego, Calif.,
1987. Second edition. 416pp.
$65.00 he ISBN 0-12-378951-6

The Physics of the Earth's
Core: An Introduction

Paul Melchior
Pergamon,
New York, 1986. 256 pp.
$39.95 he ISBN 0-08-032607-2;
$19.95pb ISBN 0-08-032606-4

The Earth s Core by John A. Jacobs is
an encyclopedic book that discusses
not only the physics of the core but
also summarizes what has been in-
ferred about the cores of the other
terrestrial planets from our findings
about the Earth. It deals with issues
such as the chemical and mechanical
processes involved in the accretion of
the Earth as well as with the origin of
its core. Although the first chapter
has some tutorial material on the
seismic properties of the Earth and

PHYSICS TODAY SEPTEMBER 1989 8 9



succeeding chapters have summaries
of its thermodynamic properties,
most of the book is written as a series
of review articles with virtually all
figures and tables taken from journal
articles. The book reflects Jacobs's
unusually wide interests and range of
understanding, which extend from
the seismic, thermal regime and con-
stitution of the Earth's inner and
outer core to (in a particularly strong
chapter) the origin and spatial and
temporal characteristics of the
Earth's magnetic field. The origin of
the Earth with its core is treated
extremely broadly in a long chapter
that covers both the relation of the
core's composition to different theo-
ries of the cooling of the solar nebula
as well as the formation of planetesi-
mals and their accretion into the
terrestrial planets.

The breadth of the book's coverage
is demonstrated by several pages de-
voted to geophysical tests (both mor-
phologic and paleomagnetic) of the
famous 1938 speculation by Paul
Dirac that the gravitational constant
might be decreasing with time, and
that the Earth (as well as clusters of
galaxies) might be expanding with
time.

Although some sections of the book
have references as recent as 1986,
notably absent in the discussion of the
accretion of the Earth and other
terrestrial planets is any mention of
the research in the area of large-body
impacts on the young Earth conduct-
ed by A. G. W. Cameron and Willy
Benz (Harvard) in 1986 or the theories
of magma ocean production developed
by Yutaka Abe and Takafumi Matsui
(University of Tokyo) in 1985.

My major concern about the book is
that Jacobs does not critically evalu-
ate the large number of hypotheses he
reviews; as a result, readers without
previous knowledge may be confused.
Summaries and conclusions for each
chapter would have been a welcome
addition. Nonetheless, I highly rec-
ommend the book as a definitive
reference.

Paul Melchior's considerably
shorter The Physics of the Earth's
Core is sometimes terse, but it is in
fact an adequately referenced outline
of virtually all the physics you need to
know to understand the thermal re-
gime, hydrodynamics, geomagnetism
and evolution of the Earth's core. It
emphasizes the considerable range of
physics associated with the flow and
the vibrations of the solid and liquid
portions of the Earth's core. The book
summarizes the core motions that can
be detected, and some that appear
difficult to detect, via the study of the
Earth's proper motion, its seismologi-

cal behavior and the myriad phenom-
ena associated with the magnetic field
and its variation.

The mathematics and physics in
the introductory chapter are hard to
follow, but the presentations of ther-
modynamic, hydrodynamic, and geo-
magnetic theory in the book's later
sections are clear and well-outlined.
These sections, though not generally
tutorial, provide good summaries of
the mathematical and physical basis
of our understanding of the core.
Melchior explains some topics, for
example, the Brunt-Vaisala oscilla-
tion, exceptionally clearly. He dis-
cusses poorly understood phenomena
and limitations of both theory and
observations and states explicitly the
problems to be solved. The book has
many unique figures and tables such
as a five-entry listing of physical
models of mechanical core-mantle
coupling that includes thorough refer-
ences to a rich literature. Melchior's
expert presentation of core properties
includes values for the various dimen-
sionless ratios of hydrodynamic and
electromagnetic quantities for both
the outer (liquid) and inner (solid)
regions of the core. This short book is
an excellent value and I highly recom-
mend it.
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Go to the source. The first strength of
Inside Relativity by Delo E. Mook,
professor of physics at Dartmouth
College, and Thomas Vargish, profes-
sor of English at the University of
Maryland, is that they have observed
this dictum. Their laudable collabor-
ation across two cultures hews closely
to the opening pages of Einstein's
great papers, drawing strength and
legitimacy from Einstein's simple and
powerful insights and beautiful prose.

But insights are simple and power-
ful only when they answer the right
questions. Many intelligent laypeo-
ple (and some professionals) are not
clear about what questions relativity
answers. Providing this context is the
second strength of the book. The title
of the second section says it simply:
"Models: The Products of Science."
The authors take us quickly through
a "heuristic history" of astronomical
models as illustrations of the kinds of
questions that science can (and can-
not) confront. The elements of New-

tonian mechanics illustrate these
models and prepare us for Einstein's
first paper on relativity.

This presentation is for those who
wish to work carefully through the
subject, anticipating difficulties,
hearing it in different ways, tucking
in each loose thread, relating new
ideas to those that go before. The
style is methodical and pedantic, em-
ploying long sentences rather than
the staccato statements of much po-
pular science writing. The understat-
ed stick-figure illustrations are most-
ly adequate, though I wished for
figure legends to restate and to rein-
force the concepts being illustrated.

The author's procedure works beau-
tifully for the kinematics of special
relativity, that is, the description of
motion in flat space-time. And it
helps us to penetrate some distance
into general relativity, as far as Ein-
stein's principle of equivalence.
Their method runs into a brick wall,
however, when Einstein turns to ten-
sors. We still await the popular
breakthrough in how to present the
general theory of relativity. As an
unfortunate result, their treatment of
cosmology is mostly hand waving.

A section on how very fast objects
would appear to the eye is exciting
and unusual for a popular book. And
readers will appreciate the book's
helpful glossary. Several appendices
provide more formal treatments for
the more ambitious.

The weakness of this book is the
obverse of its strengths. Setting the
context, beginning with the sources,
and carefully elaborating the logical
consequences does not inform us
about modern developments. We
hear little about E = me'2 or its impli-
cations, from particle physics to poli-
tics. We hear nothing about the
ferment in general relativity that has
transformed that field during the past
25 years. Readers who finish the book
will want to move on to the brilliant
popular description of recent applica-
tions of general relativity by Clifford
M. Will in Was Einstein Right?(Basic
Books, New York, 1986; reviewed in
PHYSICS TODAY, May 1987, page 93).
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How long is the coast of Norway?
Actually, the question has no unique
answer. Jens Feder shows in Fractals
that the length depends on the resolu-
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