unknown or little understood before
1970—are at the center of atmos-
pheric research, domestic regulation,
and international affairs. With regard
to international affairs, witness the
broad effect on US-European rela-
tions of the Bush administration’s re-
jection of the Kyoto Protocol on cli-
mate change.

Atmospheric pollution emerges
from almost every form of human ac-
tivity, so it is clear that attempts to
limit pollution must be comprehen-
sive. Efforts to extract an under-
standing of the causes and conse-
quences of pollution, particularly
global warming, reach backward into
the earliest epochs of Earth’s history
and project forward a century or more.

Mark Jacobson’s new undergradu-
ate textbook Atmospheric Pollution:
History, Science, and Regulation cap-
tures important parts of the vast
panorama of science and human ex-
perience related to the atmosphere.
Jacobson is an associate professor of
civil and environmental engineering
at Stanford University. His recent
work on the role of soot in global
warming is groundbreaking. His book
covers a field so large that no previous
text has satisfactorily reflected the
full array of problems and issues, par-
ticularly as an introduction for sci-
ence majors. Jacobson’s book also falls
short of that objective, but may be the
best available.

Starting with a basic introduction
to Earth’s geologic history, atmos-
pheric structure, composition, and
chemistry, Jacobson discusses the ori-
gins of smog, its effects, and global ef-
forts to regulate it. Some details of
smog chemistry are discussed at too
great a length, but the narrative is
clear, the figures have strong peda-
gogic value, and the photographs are
thoroughly engaging. Too little is said
about regional smog and its long-
range transport, a problem that now
assumes transcontinental scale, and
too much is said about aerosol-related
air pollution. The latter is under-
standable because aerosols are at the
center of Jacobson’s recent research.

The text is highlighted with inter-
esting stories that dig deeper than
most anecdotes. For example, similar
books often note that Thomas Midgley
Jr invented both tetraethyl lead and
chlorofluorocarbons. The wuse of
tetraethyl lead as a gasoline additive
was responsible for widespread lead
poisoning in children and chlorofluo-
rocarbons cause ozone depletion.
Some books note the irony that this
prolific inventor, who suffered from
polio later in life, died by entangle-
ment in a hoist he had designed to lift
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his body upright in bed. But few, if
any, have delved into the interesting,
relevant, and unfortunate details of
the decision, by Midgley and others, to
pursue tetraethyl lead over other, pos-
sibly safer, alternatives. Such histori-
cal notes richly complement the sci-
entific details.

After a discussion of meteorology
that is advanced enough that it may
confuse some beginners, Jacobson
moves on to comprehensive chapters
on indoor air pollution, acid deposi-
tion, ozone depletion, and acid rain.
The strongest of these chapters treats
ozone depletion. The weakest, on
global warming, contains only a
skimpy discussion about the impacts
of temperature increase and other cli-
mate changes. More problematically,
the scientific details in that chapter
are sometimes outdated.

Overall, the book carefully builds a
framework for understanding atmos-
pheric issues, and that framework pro-
vides a solid basis for examining what
might be done to address those issues.
The problems at the end of each chap-
ter are simple, yet instructive. The text
doesn’t condescend with oversimplifi-
cation and is only occasionally too dif-
ficult for a beginning science major.

My one disappointment is that reg-
ulation too often receives cursory
treatment. The subtitle of the book
suggests a balance in the content that
is not really achieved. In particular,
only one sentence addresses the land-
mark emissions trading provision of
the 1990 Clean Air Act amendments.
Furthermore, little in the sections on
ozone depletion and global warming
reflects the potential impacts of pro-
posed or implemented policies. At-
mospheric Pollution is not a resource
for understanding air-pollution policy,
but it is a well-rounded introduction
to problems of the atmosphere and of-
fers rich material for students con-
templating their solutions.

Michael Oppenheimer
Princeton University
Princeton, New Jersey

An Introduction
to Seismology,
Earthquakes, and
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Seth Stein and
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Blackwell, Malden, Mass., 2003.
$34.95 paper (498 pp.).
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Seismology is the study of earth-
quakes and Earth structure using the

waves that accompany quakes and
other Earth vibrations. Analysis of
those seismic waves is the basis of
most current knowledge about our
planet’s interior. Seth Stein and
Michael Wysession, two highly re-
garded seismologists, have written a
massive book that is a welcome addi-
tion to the handful of seismology texts
appropriate for graduate or advanced
undergraduate study. But with its
enormous quantity of material, often
presented in detailed figures, and its
emphasis on deep-Earth examples,
An Introduction to Seismology, Earth-
quakes, and Earth Structure is a valu-
able reference for specialists as well.

The text covers the meat and pota-
toes of seismology—seismic-wave
propagation, Earth structure, and
earthquake sources. Much more is
presented, though, including plate
tectonics, signal processing, seismom-
etry, and inverse theory. An extensive
appendix outlines matrix algebra,
vector calculus, and even principles of
computer programming. Each chap-
ter ends with a brief discussion of
classic and current references, fol-
lowed by homework problems. Some
of those problems are designed to be
solved with computers. Answers to
odd-numbered problems are in the
back of the book, and solutions to all
of them are available to instructors
over the Internet.

Stein and Wysession begin their
book with an introduction on the soci-
etal implications of earthquakes,
which, worldwide, cause significant
economic disruption and an average
of more than 10 000 deaths per year.
The authors then present the basic
seismological theory, beginning with a
rather long section that discusses
waves on a string. That treatment is
followed by a more traditional devel-
opment of waves in elastic solids,
moving from stress and strain to wave
equations. The book fully treats re-
flection and transmission of waves,
including conversions between com-
pressional and shear waves.

Theory, starting with reflection and
refraction techniques, is then applied to
determine Earth structure. Stein and
Wysession pay particular attention to
waves that travel through, bounce off,
or refract around Earth’s core. That’s
perhaps not surprising, because
Wysession’s research is in deep-Earth
structure. The development of wave
propagation is followed by a welcome
section on the implications of seismo-
logical results—particularly Earth’s ra-
dial velocity structure—for the compo-
sition of the crust, mantle, and core.

Stein and Wysession thoroughly de-
scribe earthquake sources and include
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a useful account of body and surface
waveform modeling. Also notable is
their discussion of ground deforma-
tion during the entire earthquake
cycle, and new deformation mapping
techniques, such as those using inter-
ference of space-based radar images.

The material on plate tectonics
highlights one of Stein’s research spe-
cialties, the thermal evolution of the
lithosphere. The text offers a clear
and complete explanation of how a
single physical process—the cooling of
the lithosphere at mid-ocean ridges—
controls ocean depth, plate thickness,
and heat flow.

The description of the heating of
oceanic plates as they reenter the
mantle at subduction zones is like-
wise well developed. The mathemati-
cal descriptions of the lithosphere
lead naturally to a clear explication of
the forces that drive tectonic plates.
The book presents, as well, extended
and appreciated discussions of fault-
ing, friction, and crustal strength.

The clear, precise, but sometimes
long-winded style of the book reflects
its comprehensive nature. The
lengthy, thorough discussions con-
trast with the elegant brevity of Peter
Shearer’s Introduction to Seismology
(Cambridge U. Press, 1999). On some
topics, the book’s very thoroughness
renders it unwieldy, and the mathe-
matical formalism is sometimes more
complicated than necessary. Look
elsewhere for a quick refresher on
Snell’s law—even the subscripts have
subscripts.

The book’s numerous figures are a
key asset. Those illustrations, avail-
able online, often seem to have been
constructed particularly for the text.
In many cases, they compactly convey
large amounts of detailed informa-
tion. For example, a number of figures
illustrate the surprising complexity of
the interaction of seismic waves with
material having jumps or gradients in
wave velocity. That complexity is bet-
ter conveyed by Stein and Wysession’s
book than any other text I know of.

An Introduction to Seismology,
Earthquakes, and Earth Structure is
a very good text with an up-to-date
point of view. It’s a bit expensive for a
course textbook, but it is quite versa-
tile. The large amount of material cov-
ered makes the book useful for several
different courses. As the basis for a
standard seismology course, it would
work best for the more tenacious stu-
dent. The text is appropriate for a geo-
physically oriented plate-tectonics
course or for a course on time-series
analysis and inverse theory with ex-
amples and homework problems
taken from geophysics. All in all, it is
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an indispensable reference for serious
students of solid-Earth geophysics.

Heidi Houston

University of California

Los Angeles
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