
BOOKS 

nately, one of the editors, who had 
been very active in getting the pro­
gram under way, was compelled to 
make a major career change in mid­
stream and as a result contributed 
somewhat less than had been origin­
ally planned. Taken as a whole, 
however, the volume is so rich in 
content that the lapse, while notice­
able, is not of major significance. 
Ample references are given to more 
specialized historical sources for 
those who desire additional material. 

The authors, inspired by a meeting 
at the Royal Society of London in 1979 
and a book, The Beginnings of Solid 
State Physics (Nevill Mott, ed., Royal 
Society, London, 1980), began their 
work in the early 1980s. They had 
hoped to finish this task in perhaps 
three years. It soon became clear, 
however, that much more time and 
effort were needed to cover the field 
adequately. The extra time has been 
used well. 

Nearly 60 years ago, when I was 
involved in early work in this field, I 
lamented the fact that it lacked the 
sense of unity, both professionally 
and in matters of overall style, that 
one found in many other fields of 
physics, such as high energy particle 
physics, then called nuclear physics. 
This valuable volume shows clearly 
that the spirit of unity has been 
achieved. 
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The key issue facing an instructor of 
an undergraduate course in elemen­
tary particle physics is the extent to 
which students should be taught to 
calculate basic quantities. An over­
emphasis on calculation techniques 
leaves too little time to cover the rich 
phenomenology of the field, while an 
underemphasis hides the formalism 
through which the beautiful advances 
of the past two decades can be under­
stood. In Particle Physics, B. R. Mar­
tin and G. Shaw have written an 
undergraduate textbook that avoids 
calculation as much as possible. 

Their approach to the subject is 
mostly modern, focusing on quarks 
and leptons as the building blocks of 
matter and on gauge interactions as 
the basic forces. The authors intro­
duce these entities in the first 
chapter. The Dirac equation is intro­
duced on page 5, but it is never used or 
even seen again in the main text. 
Feynman diagrams are used exten-

sively throughout, although mainly 
as pictures of processes, as opposed to 
representations of quantum mechani­
cal amplitudes. 

The second chapter discusses lep­
tons and quarks in more detail and 
focuses on the formation of hadrons 
from quarks. The third chapter dis­
cusses accelerators and particle detec­
tors. The next three chapters discuss 
spacetime symmetries, isospin, flavor 
and color. The emphasis here is on 
the multiplet structure of hadrons, 
rather than any dynamics. 

The seventh chapter, entitled 
"QCD, Jets and Gluons," deals with 
e+e- annihilation and deeply inelas­
tic scattering. The eighth and ninth 
chapters treat the weak interactions, 
starting with a discussion of Ws and 
Zs. The final chapter deals briefly 
with "open questions": the top quark, 
neutrino masses and mixing, the 
Higgs, grand unification and super­
symmetry. There are also a few 
appendices that treat topics left out of 
the main text: relativistic kinematics, 
amplitudes and cross-sections, gauge 
theories, and isospin formalism. 
These tend to be quite brief and are 
generally useful only as introduc­
tions. 

Short discussions of classic experi­
ments are scattered through the text. 
These are often too brief to do more 
than remind us that physics is an 
experimental science. 

Although the general approach and 
choice of topics are excellent, I regret­
tably must report that this text is 
unsuitable for the undergraduate 
course I teach in elementary particle 
physics, and I suspect it is unsuitable 
for similar courses taught elsewhere. 
The authors have backed away from 
anything that they felt would be 
difficult for students to understand. 
In the process, they have eliminated 
just those things that allow the stu­
dent to grasp the beauty and cohesion 
of the field. 

Here are a few examples of this 
reticence. In the first chapter, Dirac's 
hole interpretation of antiparticles is 
given, but not the Feynman-Sti.ickel­
berg reinterpretation. As a result, 
when Feynman diagrams are dis­
cussed, the student is told that there 
are eight basic processes for the inter­
action of photons and electrons. Is 
this really simpler than telling the 
student that there is only one basic 
process, but that any of the particles 
can travel either forward or backward 
in time? 

The chapter on space-time symme­
tries is generally good, but the con­
cept of relativistic invariance is al­
most completely lacking in the text. 
The student is told that momentum, 
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but not energy, is conserved at the 
vertices of Feynman diagrams. This 
facilitates the discussion of the range 
of forces in terms of the uncertainty 
principle. However, when the au­
thors are finally forced to introduce a 
four-momentum transfer in the dis­
cussion of deeply inelastic scattering, 
its significance is lost on the student. 

The origin of isospin as an approxi­
mate symmetry of the strong interac­
tions is explained fairly well, but the 
use of isospin as a dynamical symme­
try gets just a footnote and brief 
appendix. 

One of the crowning achievements 
of the past two decades is electroweak 
unification. A student cannot possi­
bly appreciate this work from reading 
this text. The weak mixing angle is 
introduced as a parameter, but there 
is no definition of what is mixing with 
what. The couplings of the Z boson to 
fermions are not even given, much 
less derived. Needless to say, the 
brief discussion of the Higgs boson in 
the final chapter is purely descriptive, 
and the student has no way of under­
standing its origin or significance. 

I found the constant refrain that a 
subject "is complicated, and we shall 
not pursue it further" irritating and 
counterproductive. Students should 
be taught that particle physics is 
perhaps subtle, but basically simple 
and beautiful. 

Instructors who prefer the more 
phenomenological approach would be 
well advised to stick to the traditional 
Introduction to High Energy Physics, 
third edition, (Addison-Wesley, 1987) 
by Donald Perkins. Those interested 
in a more conceptual approach should 
consider David Griffiths's Introduc­
tion to Elementary Particles (Wiley, 
1987), which is written with exquisite 
clarity. And for experimental details 
there is the superb collection of re­
prints, The Experimental Founda­
tions of Particle Physics (Cambridge, 
1989) by Robert Cahn and Gerson 
Goldhaber. I use all three in my 
course with reasonable success. 

GARY FELDMAN 
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Earth science is one field where 
power laws and scale invariance are 
frequently encountered. Fractals 
and Chaos in Geology and Geophysics 
is an attempt to bring many examples 
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of power laws from Earth science 
together in one place. It would seem 
natural that the concepts of fractal 
geometry be widely accepted among 
geologists and geophysicists. This has 
however not been the case. Donald 
Turcotte has been a relentless advo­
cate for applying fractals to problems 
in Earth science. In fact, most of the 
work covered in this book is that of 
the author and his students. The 
topics encompass a wide range, from 
blasting and the resulting fragmenta­
tion, to earthquake seismicity pat­
terns and statistics, to Earth's topo­
graphy, to dynamical systems, includ­
ing mantle convection and the origin 
of Earth's magnetic field. All of this 
is accomplished in 17 chapters and 
221 pages. I liken this book to an 
Earth science power-law emporium. 
It is probably the only place where 
this breadth of material can be found 
between two covers. 

Early in the book, the author expli­
citly departs from what many consid­
er the essence of fractals-the notion 
of an underlying geometry. He basi­
cally defines a fractal as a set for 
which some statistical distribution 
function is a power law. Originally at 
least, fractals were advertised as a 
new geometry, described by a dimen­
sion, to be compared to the Euclidean 
dimension. Thus an object exists in 
space and the fractal dimension de­
scribes its irregularity in form and its 
scaling relationships. By relaxing 
this definition you can consider some­
thing such as the power-law probabili­
ty distribution function of particle 
sizes after blasting to be a fractal. 
Such a definition considers only the 
scaling aspect, not how the objects fit 
in space or relate to the surrounding 
world. One cannot determine from 
such a statistical distribution func­
tion whether the particles were 
placed at random in the rubble pile or 
whether they were sorted by size and 
then lined up from large to small. 

In the foreword, the book is said to 
introduce the fundamental concepts 
of fractal geometry and chaotic dy­
namics; relate them to a variety of 
geological and geophysical problems; 
and illustrate what chaos theory can 
really tell us and how it can be applied 
to Earth science. The book is also said 
to be appropriate for those with a 
basic background in physics and 
mathematics and as a text in ad­
vanced undergraduate and introduc­
tory graduate courses in the physical 
sciences. In my opinion, the book 
does not live up to these promises very 
well. 

The book does indeed give many 
examples of power laws in Earth 
science and analyze the consequences. 

But too much is covered in too little 
space. The author's enthusiasm for 
the subject often gets in the way of the 
prose; he seems to have so much to tell 
that the text is frequently choppy, 
more like a collection of loosely con­
nected thoughts. Often, the book's 
only apparent unifying thread is the 
power law and its consequences. 
Each chapter seems pretty much un­
related to the next. Remembering my 
struggles as a beginning graduate 
student, I would have had a devil of a 
time digesting the contents of this 
book in under three readings. This is 
not the book to use for an introduction 
to fractals-for Earth scientists or for 
others. By far the best introductory 
book for physical science courses is 
still Fractals by Jens Feder (Plenum 
Press, New York, 1988). Fractals and 
Chaos in Geology and Geophysics 
does, however, have its merits, and it 
deserves a place on the shelves of 
researchers and teachers of geology 
and geophysics. I know I'll refer to it 
frequently. 
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Behind the fashionable term "chaos" 
stands a serious scientific enterprise 
that has emerged from more than two 
decades of hard work by a multitude 
of researchers. This enormous effort 
has led to a new understanding of 
dynamical systems and a new way of 
looking at familiar natural phenome­
na. Formally, chaos is a property of a 
new class of solutions of the differen­
tial equations describing the evolu­
tion of dynamical systems. These 
solutions are in some sense random, 
even though the underlying equations 
have no apparent randomness. They 
offer new hope for understanding 
disorder and randomness in nature, 
and they open up a wide range of 
possibilities for new discoveries. Fol­
lowing the profound developments in 
analytic and numerical studies of 
chaos, its direct observation and in­
vestigation in the laboratory became 
a challenge. This book shows clearly 
that the challenge is finally being 
met. 

Until recently it was quite difficult 
to find good examples of chaos. Now it 
is difficult to find a place where chaos 


