
ments, and he minimizes not the usual 
action operator but only its trace. 

This trace action is real and gauge 
invariant, and it yields just the right 
quantum equations for both complex 
and quaternionic theories, but it cannot 
be fundamentally right. It is actually 
the action of a classical theory, for its 
variables obviously commute. In ad­
dition, it diverges even for a linear 
harmonic oscillator, let alone for a field 
theory. Physics still lacks a good concept 
of quantum dynamical law, one that is 
both mathematically meaningful and 
physically adequate. This is not a prob­
lem of the quaternionic theory alone. 

Adler does cite a gauge-invariant 
quaternionic theory. Its imaginary op­
erator I varies in spacetime and is then 
a natural Higgs field. But this theory 
does not account for color SU(3), the 
one-handed neutrino and several other 
peculiarities of nature that seem to 
belong together. Adler quite reason­
ably shelves this theory. Indeed, the 
gaps in this theory led me to shelve 
the whole quaternionic project in the 
1960s. Adler suggests a quaternionic 
route that might close these gaps. 

Writing for advanced students and 
researchers in particle physics, the 
foundations of quantum physics or re­
lated mathematics, Adler systemati­
cally and thoroughly develops the 
quaternionic quantum theories, syn­
thesizing the earlier studies and build­
ing on them. This monograph is the 
first on the subject and gives by far 
the fullest treatment ever published. 
It abounds in original results and sheds 
new light on the complex and real 
quantum theories as well. Physicists 
and mathematicians open to funda­
mental conceptual innovation should 
take this quaternionic voyage. They 
will truly see the world with new eyes. 

D AVID R ITZ FINKELSTEIN 
Georgia Institute of Technology 

Atlanta, Georgia 

Radiogenic 
Isotope Geology 

Alan P. Dickin 
Cambridge U. P, New York, 1995. 
452 pp. $89.95 he 
ISBN 0-521-43151-4 

It is a strange world in which the 
average graduate student in geology 
knows more about nuclear physics 
than does the average graduate stu­
dent in physics. And yet that is our 
current world, at least at my school, 
the University of California at 
Berkeley. The explosive growth of nu­
clear techniques in the study of Earth 
has been phenomenal, with no end in 
sight. We wonder, what would Willard 
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Libby think today, in viewing this enor­
mous field that is, in effect, an out­
growth of his original radiocarbon 
work? Perhaps he would respond as 
the beaver did when asked if he had 
built the Grand Cooley Dam: "No, I 
didn't. But it was based on my idea." 

To get a sense of the vast expanse 
of this field all you need do is thumb 
through an excellent new text by Alan 
P. Dickin, Radiogenic Isotope Geology. 
Or look at his figure 1.1, which shows 
"some" geologically useful radionuclides, 
22 of them, many well known to geolo­
gists but not to the average physicist. 

Dickin's goals are laudable: to "con­
cisely review the field," which he suc­
ceeds in doing in a terse 452 pages, and 
to give an impression of the "develop­
ment of thought in the field," which he 
is somewhat less successful at doing. 
His unmentioned challenge is to im­
prove on the already classic book in 
the field, Principles of Isotope Geology, 
by Gunter Faure (Wiley), first publish­
ed in 1977 and then revised in 1986. 

Dickin's book is a very welcome ad­
dition to the field, if only because it is 
up-to-date. Just in the fields that I 
know best- accelerator mass spec­
trometry and argon-argon dating-the 
developments of the past decade are 
important and exciting. Dickin's inclu­
sion, for example, of step-heating dia­
grams will prove enormously valuable 
to any student attempting to read the 
current literature in Ar-Ar dating. 
But an encyclopedic text such as this 
cannot give a full introduction to any 
one of the many subjects. For such 
details the student must go to a more 
specialized book-for example, Geo­
chronology and Thermochronology by 
the Ar-40 I Ar-39 Method, by Ian McDou­
gall and T. Mark Harrison (Oxford U. P., 
1988}----<Jr to the articles that are refer­
enced at the end of each chapter. 

A detailed comparison of Dickin's 
book with Faure's reveals the minor 
advantages and disadvantages of each. 
Dickin's discussion of the geomagnetic 
reversal time scale is similar to Faure's 
but better and more up-to-date. 
Faure's book has a somewhat better 
discussion of Ar-isotope correlation 
diagrams. Such comparisons can go 
on indefinitely. But the real praise for 
Dickin is that he has produced a book 
that is in the same class as Faure's 
and is a competitor for selection as a 
graduate text. (However, Faure's book 
has some simple exercises at the end 
of each chapter, with answers; Dickin's 
book has none.) 

I certainly recommend Radiogenic 
Isotope Geology to any scientist who is 
interested in the field, particularly in 
recent developments. Like Faure's 
book it gives a solid foundation for 
someone trying to learn more about a 

particular method of radiogenic analy­
sis. A serious student should own both. 

RICHARD MULLER 
University of California, Berkeley 

Introduction to 
Nonlinear Science 
lla.. Gregoire Nicolis 
~Cambridge U. P, New York, 1995. 

254 pp. $24.95 pb 
ISBN 0-521-46782-9 

The lecture notes of an enthusiastic and 
knowledgeable instructor often provide 
a royal road to the understanding of a 
new subject by a beginner. Many begin­
ning graduate students in physics, chem­
istry and chemical engineering will find 
this to be the case with Gregoire Nicolis's 
Introduction to Nonlinear Science. This 
is not an intermediate or advanced text­
book or treatise, of which there are a 
number of excellent ones in print; it is 
exactly what it purports to be, a first 
introduction that exposes the student to 
a great variety of topics. Nicolis pio­
neered many of the areas covered, par­
ticularly applications to chemical kinet­
ics and chemical engineering reactor the­
ory as well as certain probabilistic 
methods in chaos theory. 

Nicolis presents a broad view of 
most aspects of nonlinear dynamics, 
including spatially extended systems, 
as well as statistical topics that other 
treatments tend to omit. He employs 
two important representative physical 
systems throughout the book to illus­
trate the various methods of nonlinear 
science, the first being convection in a 
layer of fluid heated from below and 
the second being reaction-diffusion 
models leading to chemical oscillations 
and symmetry-breaking pattern-for­
mation equations. 

After a concise derivation of the 
dynamics, he develops techniques ap­
propriate to systems of a finite number 
of degrees of freedom. Among these 
are the use of phase-space methods, 
linear stability theory and local bifur­
cation analysis, including a very in­
sightful derivation of normal forms, the 
use of multiple scales and stability 
criteria. He continues naturally with 
these approaches to spatially extended 
systems with an infmite number of 
degrees of freedom, including a very 
beautiful introduction to the complex 
Ginzburg- Landau equation and some 
other models of pattern formation . 
The author's interests are reflected in 
his masterly exposition of Turing pat­
terns of chemical systems. 

The final chapter deals with chaos­
topics such as the Poincare maps, lo­
gistic and circle maps, period doubling 
intermittency and probabilistic con-



cepts such as the master equation. He 
defines and illustrates ergodicity, mix­
ing, error growth and predictability as 
well as the use of Lyapunov exponents 
and their limitations. This section 
ends with a brief but concise treatment 
of spatiotemporal chaos. 

Nicolis has correctly judged the lim­
ited ability of beginning students to 
appreciate either physical or mathe­
matical "depth." Wisely; he has left 
additional depth as possible enrich­
ment material for the instructor. He 

refers the reader frequently to more 
advanced treatments that cover first 
the mathematics and second the phys­
ics in greater depth. Put simply, he 
writes to delight the student rather 
than the instructor alone. The exer­
cises at the end of each chapter are a 
valuable pedagogical addition, al­
though answers to some of these should 
have been provided. A few ideas could 
have been usefully elaborated in brief 
appendices-for example, the introduc­
tion of the renormalization operator in 
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section 7 .5. All in all, I think this is a 
very valuable and readable introduc­
tion, which I believe will have a long 
and lasting pedagogical influence. 

HARRY L. FRISCH 
State University of New York at Albany 

Observational 
Astrophysics 
a.._Robert C. Smith 
,.. Cambridge U. P, New York, 1995. 

443 pp. $69.95 he ($34.95 pb) 
ISBN 0-521-26091-4 he 
(ISBN 0-521-27834-1 pb) 

Although there are many astronomy 
textbooks at the introductory level, 
there has long been a dearth of astron­
omy and astrophysics textbooks suited 
for more advanced classes. Advanced 
topics in astrophysics are often taught 
as upper-division elective courses in 
undergraduate physics programs. 
They also show up in graduate astron­
omy and astrophysics programs, where 
there is generally a need to introduce 
astronomical techniques, concepts and 
jargon to students who have under­
graduate degrees in physics or mathe­
matics but little background in astron­
omy. Because many introductory as­
tronomy classes are taught in physics 
programs, there is also a need for a 
reference text that goes a little deeper 
than the introductory books do and 
that allows a physics instructor quickly 
to obtain a fuller understanding of the 
physics behind various astronomical 
claims. In the last ten years excellent 
graduate-level texts have appeared, 
but generally they have been restricted 
to single (though sometimes broad) top­
ics. 'I\vo examples are Principles of 
Physical Cosmology by P J. E. Peebles 
(Princeton U. P, 1993) (see PHYSICS TO­
DAY, November 1993, page 87) and Ga­
lactic Dynamics by James Binney and 
Scott Tremaine (Princeton U. P, 1987). 

Robert Smith's Observational Astro­
physics appears to target an audience 
having two or three years of under­
graduate physics and familiarity with 
mathematics through differential cal­
culus. The background in astronomy 
is assumed to be zero. The overall level 
of the book is perhaps a little below 
that of Frank Shu's well-known The 
Physical Universe (University Science 
Books, 1982) and well below that of 
Martin Harwit's Astrophysical Con­
cepts (Springer, 1988). Smith's book 
covers (with considerable variation in 
depth) a broad range of topics, from 
observational techniques through stel­
lar structure and evolution and the 
properties of galaxies, to cosmology. 

The first third of the text covers the 
basics of observational instrumenta-
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