
he presents a concise derivation of the 
equations of motion for the Hamiltonian 
dynamics of vortex patch moments in two 
dimensions. It would have been more useful 
to continue with a discussion of the analyt- 
ical and computational aspects of vortex 
merger, rather than relegating it to a foot- 
note. Merger is a fundamental process in 
turbulence. and these results would have 
helped the reader to appreciate the present 
controversy regarding scaling laws of coher- 
ent-structure models of two-dimensional 
turbulence. 

Although Vortex Dynamics contains a 
minimum of graphics and no problem sets, 
I recommend it as a graduate text for 
students with a basic understanding of fluid 
dynamics, a good background in vector 
analysis, and some knowledge of complex 
variable theorv. But the book will be most 
useful to the researcher. Saffman provides 
important physical and mathematical 
frameworks to help us visualize, quantify, 
and understand the emerging nonlinear, 
intermittent, and turbulent computational 
results of large-scale direct numerical simu- 
lations. Despite its omissions, this is a 
major contribution to the literature of phys- 
ical and mathematical vortex dynamics. 

Norman J. Zabusky 
Debartment of Mechanical and 

Aerospace Engineering, 
Rutgers University, 

Piscataway, N] 08855 

Understanding the Universe 

Principles of Physical Cosmology. P. J. E. 
PEEBLES. Princeton University Press, Prince- 
ton, NJ, 1993. xviii, 718 pp., illus. $59.50or £55; 
paper, $29.95 or £19.95. Princeton Series in 
Physics. 

Physical cosmology has rapidly advanced 
from the discovery of the 2.7 K cosmic 
microwave background radiation 28 years 
ago to the detection of small variations in " 
its temperature in different parts of the sky 
to an accuracy of one part in a million. 
Similarly, maps of the distribution of galax- 
ies surrounding Earth that were very local 
only 30 years ago have now expanded to 
show galaxies within the surrounding 10'' 
cubic megaparsecs. The tremendous in- 
crease in the quantity and quality of data 
has done far more than simply add a few 
more decimal points of accuracy to astro- 
nomical measurements: it has led to the 
discovery of new phenomena and unsus- 
oected relations. Some of the most imoor- 
tant developments in cosmology through 
the late 1970s have been chronicled and 

their implications explored by P. J. E. 
Peebles in his Physical Cosmology (1971) 
and The Large-Scale Structure of the Universe 
(1980)-books that to a significant degree 
have even motivated and guided cosmolog- 
ical research. His newest work, Principles of 
Physical Cosmology, presents a completely 
updated overview of the field. 

Principles of Physical Cosmology will ap- 
peal to an even wider audience than did 
Peebles's earlier volumes. Its first main sec- 
tion, spanning 226 pages, is a semihistorical 
account of the development of physical 
cosmology; much of this material could be 
taught in a first-year course in astronomy. 
This serious overview of "the attempt to 
make sense of the large-scale nature of the 
material world around us" is remarkablv 
compact, comprehensive, and readable-a 
real page-turner, at least by the standards 
commonly applied to physics monographs. 
Interspersed throughout this overview are 
some "lengthy but strengthening" technical 
discussions that amplify certain deceptively 
simple-sounding assertions in the main 
text. These sections can be skipped by 
those who feel no need for strengthening. 

The second major section begins with a 
development of general relativity from first 
principles in 42 pages. The brevity of this 
discussion will shock and disappoint some, 
but others will welcome the presentation of 
some essential ohvsics in a manner that does 
not overwhelmAth'e student whose main inter- 
est is physical cosmology. The mathematical 
and dynamical basis of the general relativity 
theory is followed by discussions of small-scale 
and weak-field limits; wall, string, and spher- 
ical solutions; and Robertson-Walker geome- 
try. Peebles then works out the practical 
consequences of general relativity for everyday 
astronomy, presenting many useful formulas 
and graphs of various cosmological tests for 
the parameters of the Robertson-Walker ge- 
ometry. Gravitational lensing is acknowl- 
edged to have evolved from a test of general 
relativity to an extremely useful tool for mea- 
suring mass distributions. 

The third, rather lengthy, section of the 
book explores a number of research topics in 
cosmology. The list spans the range of mod- 
ern research but is not comprehensive, con- 
centrating on structure mapping and dynam- 
ical issues, Peebles's own interests. Each 
chapter begins with a readable overview of 
its focal topic, usually with some reference to 
the classical literature on the subject (for 
example, an account of the mass function of 
stars in the solar neighborhood) as a remind- 
er that cosmology did not just spring up by 
itself but grew out of the mainstream astro- 
nomical tradition. The discussion then takes 
a technical turn, describing current theory 
and results. One important topic covered is 
inflation, the ruling paradigm for under- 
standing the large-scale structure of the uni- 

verse. A complete exposition of inflation 
would require a lengthy presentation of 
quantum field theory, but Peebles manages 
to lay out the fundamental ideas here, pre- 
senting insight into the basis of the theory as 
well as sufficient technical detail to illustrate 
how it works and why it is so compelling. 
The other topics addressed have to do with 
our attempts to measure and understand the 
structure of the universe. Although an im- 
mense amount of progress is reported here, 
in most cases the answers remain elusive and 
in some cases the oroblems are not even well 
understood. This is particularly evident from 
the chapter on galaxy formation, which 
presents the current state of conjecture in 
the field. In his final chapter, "Lessons and 
issues," Peebles acknowledges that "the pic- 
tures under discussion are far from seamless." 

Given the value of Peebles's orevious 
books, many astrophysicists and graduate stu- 
dents will purchase Principles of Physical Cos- 
mology sight unseen. They will not be disap- 
oointed. Accessible to anvone with an under- 
graduate background in physics, it succeeds in 
conveying the excitement of modem research 
through a straightforward presentation of the 
basic technical details. In the end there is no 
other way to appreciate the nature of the 
quest than to become immersed in these 
details. I recommend this book to anyone 
with an interest in astrophysics. 

R. G. Carlber~ - 
Department of Astronomy, 

University of Toronto, 
Toronto, Ontario, Canada M5S 1Al 
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