
with each side ignoring the work of the 
other. Weyl learned both sides. He empha- 
sized the global groups and their algebraic 
topology, and he introduced a new tool: the 
finite group generated by reflections that we 
now call Weyl group. He also made an 
im~ortant contribution to the theorv of 
finite dimensional representations of simple 
Lie groups (including the famous character 
formula). In the preface of his Classical 
Grogps, Their ~nva$ants and Representations, 
Weyl states: "It is high time for a rejuvena- 
tion of the classical invariant theory which 
has fallen in an almost petrified state." I find 
Borel's study of Weyl's work on invariant 
theory, presented in historical perspective 
and also- from a modern point b f  Giew, a 
genuine masterpiece. 

One can enjoy these three brilliant lec- 
tures just as one enjoys going to a good 
concert. But if one wants to know more 
about Weyl's scientific achievements in oth- 
er domains of research than those dealt with 
by Borel, one will have to read other contri- 
butions celebrating Hermann Weyl. Sorne 
of them will undoubtedlv come from anoth- 
er centenaqr celebration, held in Kiel, near 
Weyl's birthplace. 

LOUIS MICHEL 
Institut des Hautes Etudes Scient@ques, 

91440 Bures-sur-Yvette, France 

Elementary Particle Physics 

The Particle Hunters. YWAL NE'EMAN and 
YORAM KIRSH. Cambridge University Press, 
New York, 1986. xii, 272 pp., illus. $49.50; 
paper, $13.95. Translated from the Hebrew edi- 
tion (Givatayim, Israel, 1983). 

It is a good time for popular accounts of 
the recent developments in el em en tar)^ parti- 
cle physics. The accomplishments of the past 
two decades have led to a quite concise and 
unified picture, one that is easily summa- 
rized. Nevertheless this synthesis is not easy 
to appreciate fully without knowing how we 
got to now from then. And the storyteller 
has to decide where to begin: when is 
"then"? Almost invariably the tale begins no 
later than the end of the last century, if only 
to introduce the reader to basic concepts of 
relativity and quantum theory. This book is 
no exception. Of its 260 or so pages, about 
one-third are devoted to the oft-told prehis- 
tory of Bohr, Einstein, Heisenberg, and 
their associates. And given this breadth of 
scope, the writers must opt either for a 
weighty, comprehensive tome (which this 
book, mercifully, is not) or selectivity of 
coverage--or at least of emphasis. 

The Particle Hunters emphasizes develop- 

ments peaking in the early 1960s, culminat- 
ing in the identification of quarks as basic 
building blocks of matter. During this peri- 
od many new states of matter were discov- 
ered. They are now interpreted as quantum 
states of three quarks (baryons) or of a quark 
and antiquark pair (mesons), analogous to 
nuclear or atomic levels. The need for their 
classification and the development of the 
tools for doing so were paramount. The key 
was the identification of conservation laws 
and the symmetries underlying them. A 
principal tool was the mathematics of Lie 
groups. And one of the important contribu- 
tors to all this was Yuval Ne'eman, co- 
author of this book. It is no surprise there- 
fore that the chapters dealing with this 
material are the heart of the book. 

The basic format of The Pavticle Hunters is 
historical narrative. After the aforemen- 
tioned introductory sector and a sequel on 
the experimental developments of the pre- 
war and early postwar periods, the authors 
recount the history of the discovery of 
strange particles and the hadronic reso- 
nances, along with the theoretical response. 
There is a splendid chapter on symmetries, 
including the discrete symmetries of parity, 
charge conjugation, and time reversal, and 
the discovery of their violation in weak 
interactions. 

Quarks do not arrive on the scene until 
the last quarter of the book. Thus the devel- 
opments of the 1970s and early '80s, though 
adequately covered, get somewhat less em- 
phasis. One consequence of this is that what 
is to me the climax of the story, the emer- 
gence of theories of the forces and their 
description in terms of the symmetry princi- 
ple of local gauge invariance, is muted. One 
feels, instead, the steady but inconclusive 
progress in penetrating layers of structure of 
matter, as implied by the present compact, 
yet uncomfortably large, "periodic table" of 
quarks, leptons, and force carriers. 

An excellent feature of the book is its 
emphasis on the experimental side of the 
subject, including the development of parti- 
cle accelerators. Another is the series of 
marginal notes, anecdotal in character, that 
add the all-important human element to the 
narrative. Ne'eman's own story is there, and 
an interesting one it is. And in general the 
coverage of material is complete and accu- 
rate. Kirsh is a specialist in popular exposi- 
tion, and the introduction and management 
of jargon are skillfully done. The book 
should be accessible to most readers of this 
journal. There do exist flaws. For example, 
the authors fall into the not uncommon trap 
of asserting that the gluon-mediated strong 
force between quarks weakens at short dis- 
tances and grows at long distances. (It is 
roughly inverse-square at short distances 

and constant at long distances.) And there is 
a zinger in their discussion of neutrino 
physics, where it is claimed that "experi- 
ments have been carried out in the United 
States in an attempt to exploit neutrino 
beams as a method of communication with 
submarines. . . . Since this method has onlv 
military implications, the results of these 
investigations are being kept secret." It must 
be noted that Ne'eman has been de~unr  

L ,  

director of Israeli intelligence. However, 
high-energy neutrinos are needed to achieve 
such communication. and all research with 
them is unclassified: proposals on neutrino 
communication have consistently been re- 
jected as unfeasible. 

There is a curious omission in the index. 
The most quoted person in the book is 
Alfred Nobel. There are at least four dozen 
references to The Prize in the text but no 
citation in the back of the book. I would 
have preferred it the other way around. 
After all, the unsuspecting reader might get 
the idea that high-energy physicists feel the 
real reward for their labors is that trip to 
Stockholm. That's no reason to build the 
Superconducting Super Collider. 

JAMES D. BJORKEN 
Femi National Accelerator Laborato~, 

Batavia, IL 60510 

Minicourses 

Intersection between Elementary Particle 
Physics and Cosmology. T. PIRAN and S. 
WEINBERG, Eds. World Scientific, Singapore, 
1986 (U.S. distributor, Taylor and Francis, Phila- 
delphia). x, 220 pp., Uus. $42. Jerusalem Winter 
School for Theoretical Physics (Dec. 1983), 
vol. 1. 

Physics in Higher Dimensions. T. PIRAN and 
S. WEINBERG, Eds. World Scientific, Singapore, 
1986 (U.S. distributor, Taylor and Francis, Phila- 
delphia). x, 236 pp., illus. $44. Jerusalem Winter 
School for Theoretical Physics (Dec. 1984), 
vol. 2. 

The Jerusalem Winter School was first 
held in December 1983 and has since met 
annually. Each year a distinguished faculty 
has been assembled to give a set of intensive 
minicourses covering an important, rapidly 
developing area of theoretical physics. By all 
reports the venture has been outstandingly 
successful. 

The two volumes under review are collec- 
tions of written versions of lectures given at 
the first two winter schools. 

The first volume deals with the intersec- 
tion between elementary particle physics 
and cosmology. This area had an impressive 
inhsion of new ideas in the late 1970s, 
notably including a possible microphysical 
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understanding of the origin of the asymme- 
try between matter and antimatter in the 
universe, based on grand unified theories, 
and a method for addressing the classical 
questions of why the universe is so uniform 
and its spatial geometry so flat, based on the 
idea of inflation. In the early 1980s the 
problem of the quantity and nature of the 
invisible mass that seems to dominate the 
gravitational universe and the related prob- 
lems of the formation of large-scale struc- 
tures and the distribution of galaxies have 
sharpened both theoretically and observa- 
tionally. In addition, important data on the 
relative abundance of the very light isotopes 
'H, 'H, 3 ~ e ,  4He, and 7 ~ i ,  believed to be 
synthesized in the first moments of the big 
bang, on the anisotropies-or lack thereof- 
in the microwave background radiation, and 
on the distribution of galaxies are accumu- 
lating continuously. 

It should also be remarked that the very 
early universe and the relics it leaves are the 
main domain of application of modern par- 
ticle physics to understanding the natural 
world (as opposed to understanding elabo- 
rate experiments at accelerators; a possible 
exception is that when neutrinos from the 
sun or from supernovae are observed, their 
intrinsic properties can affect the interpreta- 
tion of the observations). 

Altogether, then, the topic chosen for the 
first school is an important one with con- 
tinuing vitality. How well does the volume 
cover it? On the whole, in this reviewer's 
opinion, very well. 

The volume includes three minicourses by 
James Gunn, Stephen Hawking, and Mi- 
chael Turner. Gunn's course starts with a 
breezy introduction to the standard Fried- 
mann models and their classical conse- 
quences for large-scale kinematics and cos- 
mic ages. This is followed by an elementary 
account of the theory of formation of large- 
scale structure and of galaxies. The exposi- 
tion, which touches many of the main issues 
with a maximum of intuition and a mini- 
mum of formalism, will be especially valu- 
able to students. There is, in these notes, a 
refreshing directness and emphasis on prac- 
tical issues of observation. 

Whereas Gunn's lectures might be said to 
deal with "classical" cosmology, Turner's 
course-at 114 pages, more than half the 
book-deals with "modern" cosmology, 
where microphysical considerations are es- 
sential. Nucleosynthesis, matter-antimatter 
asymmetry, inflation, and the issue of invisi- 
ble matter are introduced in detail. In addi- 
tion, Turner discusses magnetic monopoles. 
Since they should have been produced at 
sufficiently high temperatures in the early 
big bang, their apparent nonexistence (or at 
least, extreme rarity) is a puzzle-solved, 

perhaps, by inflation. Finally, Turner gives a 
substantial discussion of axions, one of the 
leading contenders for the role of invisible 
matter. The microphysical reasons to believe 
in their existence, their production in the 
early universe, and the possibilities for their 
observation are all discussed. In this last 
regard, it is worth noting that if the new 
high-temperature superconductors hlfill 
their promise of delivering large magnetic 
fields over substantial volumes, the search 
for the axion background will become an 
optimistic enterprise. 

Hawking's lectures deal with issues aris- 
ing in quantum gravity-"post-modern" 
cosmology. Fundamental questions are 
raised: How is the wave function of the 
universe to be interpreted? Probabilistically, 
presumably-but what does probability 
mean, for the universe as a whole, since a 
frequency interpretation is clearly inappro- 
priate? What boundary conditions are to be 
imposed on the universal wave function? 
After all, boundary conditions usually set 
the parameters of the influence of the exter- 
nal world, or the past, but here there can be 
no retreat. Such questions, as they arise in 
quantum gravity, are treated briefly but with 
elegance and lucidity. Whether work along 
these lines will yield observable conse- 
quences, or indeed survive revisions in our 
thidung about the nature of gravity in the 
ultraextreme conditions where its quantiza- 
tion matters, remains, however, an open 
question. 

In summary, the first volume is a fine 
addition to the pedagogical literature, and I 
recommend it highly to student and expert 
alike. 

The second volume, Physics in Hhher Di- 
mensions, is in my opinion considerably less 
successful. Given the subject matter, whose 
central core is rather murky, this was per- 
haps inevitable. Indeed, the mainstream of 

speculations on higher-dimensional physics 
has since shifted in directions that are only 
hinted at in this volume. 

There are written versions of five mini- 
courses in the second volume. Two of these, 
by Raoul Bott and Steven Weinberg, are 
essentiallv mathematical. The lectures bv 
Bott present, in less than 40 pages, a slice 
through homotropy theory, de Rham coho- 
mology, and characteristic classes. I think it 
would be very difficult for most physicists to 
learn the material from these notes alone, 
especially because of the sparsity of concrete 
examples or applications. Weinberg presents 
an account of what mathematicians call the 
local theory of G-structures-a generaliza- 
tion of ~iemannian geometry. ~ l t h o u ~ h  the 
ultimate utility of this material for physics is 
most unclear, it is presented with the au- 
thor's usual clarity &d explicitness. 

Michael Duffs lectures on Kaluza-Klein 
theory reflect the author's obvious enthusi- 
asm fbr the subject, but a beginner may find 
his rapid descent into intricate details of 
model building disorienting. Christof Wet- 
terich. on the other hand. Dresents a brief ' I 

but penetrating exploration of just two com- 
paratively sharp issues in Kaluza-Klein the- 
ory: the origin of chirality and the possibili- 
ty of noncompactness in the hidden dimen- 
sions. 

Tohn Schwarz's lectures provide a brief 
but brilliantly clear introduction to super- 
string theory. This theory has come to domi- 
nate recent thinking about higher dimensions 
and more general speculation about high- 
energy physics beyond the standard model. 
Schwarz's lectures in this volume will be a 
usehl entree for phvsicists curious about this 

A ,  

exciting but notoriously difficult subject. 
FRANK A. WILCZEK 

Institgte fir Theoretical Physics, 
University of Cal$omia, 

Santa Barbara, CA 931 06 

Travelers and Their Fate 

Ecology of Biological Invasions of North America and Hawaii. HAROLD A. LMOONEY and JAMES 

A. DRAKE, Eds. Springer-Verlag, New York, 1986. xviii, 321 pp., illus. $59. Ecological Studies, vol. 
58. Based on a symposium, Asilomar, CA, Oct. 1984. 

Ecology of Biological Invasions. R. H. GROVES and J. J. BURDEN, Eds. Cambridge University 
Press, New York, 1986. xii, 166 pp., illus. $42.50. Based on a symposium, Canberra, Australia. 

Quantitative Aspects of the Ecology of Biological Invasions. HANS KORNBERG and M. H. 
WILLIAMSON, Eds. Royal Society, London, 1987. First published as Philosophical Transactions of the 
Royal Society, series B, vol. 314, pp. 501-572. £43. From a meeting, London, Feb. 1986. 

Throughout most of the world, species sequences. SCOPE, the Scientific Cornmit- 
have been purposely or accidentally intro- tee on Problems of the Environment, char- 
duced from one region to another, often tered symposia in North America, Australia, 
with enormous economic and medical con- and Britain to deal with three main ques- 
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