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"But now the passage of time has
taught us not to expect that the strong,
weak, and electromagnetic interactions
can, be understood in geometrical
terms, and too great an emphasis on
geometry can only obscure the deep
connections between gravitation and
the rest of physics." These words from
the preface illustrate the approach to
physics that guided Steven Weinberg
in his writing of this book, based on
courses given at Berkeley and MIT
over the past several years. They also
indicate why this book should play a
unique and leading role in the educa-
tion of those interested in this rapidly
expanding area of science. Weinberg's
ability to probe to the heart of a prob-
lem, which has characterized his many
important contributions to particle
physics, has brought to this volume a
view of the nature of gravitation that is
both broad and penetrating.

An instructive method of summariz-
ing the contents of the book is in terms
of increasingly specific assumptions
about the structure of the gravitational
field. The first two chapters present
an historical introduction and a very
useful summary of special relativity.
The strong equivalence principle is
then introduced, providing the basis
for a discussion of tensor analysis and
the effects of any (metric) gravitational
field on any physical system in chap-
ters 3-6, and least-action principles in
chapter 12. The following two chap-
ters provide a very complete discussion
of what can be learned about the uni-
verse if only the cosmological principle
is in addition assumed.

The remaining chapters of the book
are for the most part based upon the
Einstein field equations, introduced in
chapter 7, although the standard solar-
system tests are discussed in a slightly
more general framework in chapter 8,

Galaxy cluster in Hercules. Such clustering is the largest scale evidence of gravitation.

and other theories are applied to
cosmology in the final chapter 16. The
major applications of general relativity
are to the post-Newtonian equations of
motion, gravitational radiation, and
stellar structure and collapse in chap-
ters 9-11, and to an extensive discus-
sion of the "canonical" big-bang model
of the universe in chapter 15.

Weinberg has discussed many topics
not often found in similar texts, in-
cluding relativistic imperfect fluids
(especially as applied to perturbations
in the expanding universe), symmetric
spaces, representations of the Lorentz
group, the quantization problem and
an unusually complete investigation of
intergalactic emission and absorption
processes. It is characteristic of the
scope of this book that one can find
thorough analyses of the methods of
determination of the astronomical dis-
tance standards as well as the way to
include the effects of gravitation on
spinor fields. But perhaps its most

startling feature is the amazing com-
pleteness of its references, compiled by
an author who directs most of his re-
search in other areas! The text is also
relatively free of serious misprints.

In keeping with his philosophy,
Weinberg employs the classical compo-
nent tensor notation throughout, ex-
cept during a brief discussion of differ-
ential forms where the abstract formu-
lation is alluded to. A more serious
deficiency is the lack of any problems.
In addition, his decision only to touch
upon the nature of black holes now ap-
pears overly pessimistic in view of the
recently discovered binary x-ray
sources as potential indicators of their
existence. Also, Weinberg has not in-
cluded any reference to the work of
Kenneth Nordtvedt (as later extended
by him, Kip Thorne. Clifford Will and
others) on powerful new solar-system
tests of gravitation theories. He la-
ments the difficulty of measuring the
ratio of gravitational to inertial mass of
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Look into
Lumonics' new, series 600A

TEA LASERS
SERIES TEA-600A Co, LASER/AMPLIFIER MODULES

• Oscillator outputs to 300 joules • Peak power to 1.5 GW
• Beam divergence as low as 1 mr • 99%+pulse reliability

• Amplifier gain 4.3%/cm, ±5% uniformity

Series TEA-600A Modules are de-
signed for the purpose of pro-
ducing high energy, high bright-
ness pulses at 10.6M- Operation
is by transverse excitation of
gas at atmospheric (or higher)
pressure.

Systems are based on the use
of modules which may be used
individually or in series as either
amplifiers or oscillators.
Each module consists of a dis-
charge cavity 9x9x50 cm, Marx
type energy storage bank, trig-
gering circuitry, gas flow system
and, in the case of an oscillator,
optics and adjustable mounts.
A 50 kvdc power supply is
optional.

In amplifier applications, mod-
ules are intended for use in the
large signal or saturated regime.
Each provides a volume of ex-

Write or call today for detailed information.

cited gas 50x8x8 cm where the
gain is everywhere in excess of
4%/cm and is uniform to ±5%.
Optical homogenity is better
than x/30.
Preionization of the discharge
cavity is by means of a propri-
etary uv flash source. Systems
do not involve vacuum equip-
ment or fragile foils and produce
no measurable amounts of X-rays.

Standard Lumonics hardware
may now be purchased off the
shelf, which can amplify Ins,
10.6M pulses at the mj level to
the 100 joule level. Larger am-
plifiers are currently under con-
struction and will be announced
shortly.
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the Earth, an experiment that is now
being performed by lunar laser ranging,
one hopes to the necessary accuracy.

The reader should be on the lookout
for some confusing notation in the
chapter on the principle of equiva-
lence, and a discussion of counts of
radio sources that neglects some of the
observational problems that make
their interpretation more difficult.
Also, the cosmological constant ap-
pears in the Einstein field equations
with opposite sign in chapters 7 and
16. These are examples of a few minor
difficulties.

In general, however, one is contin-
ually impressed by the thoroughness of
discussion, and Weinberg's ability to
distill the essential features of a physi-
cal situation. This is not a book for
casual reading, but one that must be
worked with to obtain the fullest mea-
sure of its benefits. It is appropriate
for a full year course for those students
who have a solid foundation in special
relativity and classical electrodynam-
ics, although parts of the book can eas-
ily be adapted to a shorter time period.
The reaction of my class in gravitation
theory has been very favorable.

The ever-widening vista of possibili-
ties for observing the effects of strong
gravitational fields throughout the uni-
verse is inspiring a new generation of
physicists and astronomers. After di-
gesting this feast of knowledge provid-
ed by Weinberg, they should be well
prepared to join in the quest to under-
stand more fully the nature of this fun-
damental interaction.

Robert V. Wagoner has just joined the de-
partment of physics at Stanford University.
Previously he was associate professor of as-
tronomy at Cornell University.

Enrico Fermi, Physicist

Emilio Segre
University of Chicago, Chicago,
$6.95

1970.

58
Circle No. 29 on Reader Service Card

PHYSICS TODAY/JUNE 1973

This biography of Enrico Fermi as a
scientist inserts itself between the book
Atoms in the Family (U. of Chicago
Press, Chicago, 1954) written by Fer-
mi's wife, Laura, one year before Fer-
mi's death, and the two volumes of his
collected papers, published a few years
later by the Accademia Nazionale dei
Lincei and the University of Chicago
Press.

Segre's book is addressed to a rather
wide audience, including not only non-
specialized scientists, but also other
people interested in the personality of
a great scientist. Among Fermi's col-
laborators and friends, Emilio Segre


