vidual in de Gennes as illuminated in
Plévert’s biography.

Murugappan Muthukumar

University of Massachusetts Amherst

Introduction to
Holography

Vincent Toal

CRC Press/Taylor & Francis, Boca

Raton, FL, 2012. $99.95 (472 pp.).
ISBN 978-1-4398-1868-8

Last year was the 50th anniversary of
Emmett Leith and Juris Upatnieks’s
seminal demonstration of holography,
the concept that was
developed in the 1940s
by Dennis Gabor and
that earned him the
1971 Nobel Prize in
Physics. Since that cru-
cial 1962 demonstra-
tion, numerous books
have been published
that deal with different facets of holog-
raphy. I vividly recall my own first
steps; the excellent textbook Optical
Holography (Academic Press, 1971) by
Robert Collier, Christoph Burckhardt,
and Lawrence Lin was a helpful tutor.
And yet, even now, the field is far from
mature. As proof, consider such impres-
sive recent innovations and practical im-
plementations as digital holographic
microscopy, incoherent holography,
x-ray holography, holographic televi-
sion, and holographic tweezers. Conse-
quently, there is room enough for a new
book on the technique.

Seeking to fill that void is Dublin In-
stitute of Technology professor Vincent
Toal, who can look back to 30 years of
teaching and research in optics and
holography. Readers will get a sense of
that experience from every page of his
new text, Introduction to Holography. In
its outline, the book is reasonably con-
ventional. Part 1 covers the basics of op-
tics; part 2, principles of holography;
part 3, practical uses of holography; and
part 4, technological applications of
holography. But the execution of part 4,
my favorite, is rather novel. It goes be-
yond discussions in existing textbooks
by focusing on state-of-the-art develop-
ments of both classical and more ad-
vanced holographic applications.

It’s certainly a matter of taste as to
which applications must be treated and
which could be omitted without loss of
integrity or novelty. In my opinion, the
author has found a good compromise
between traditional and emerging ones.
The book discusses most of the afore-
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mentioned holographic innovations. It
also presents solid explanations and
will encourage the use of such fre-
quently discussed applications as holo-
graphic displays, holographic data
storage and information processing,
computer-generated holograms, and
polarization holography. Chapter 15
has a nice section about Nils Abram-
son’s light-in-flight principle and pro-
vides a welcome way to bring the ele-
gant visualization of holography into
the classroom.

Introduction to Holography is far from
being light fare. But the author presents
the mathematical derivation for every
basic equation that is used in the book.
Moreover, the spirit of the subject is not
lost in the equations; the author clearly
and carefully explains the physics be-
hind the mathematics and offers so-
phisticated guidance for experimental
work. Problems and references for fur-
ther reading are provided at the end of
each chapter.

Toal has written a welcome reference
for experienced explorers of the holo-
graphic wonderland. But his book will
also serve another important purpose
brought to mind by the Ludwig
Wittgenstein quote he uses at the front
of the book: “Explanations come to an
end somewhere.” Toal’s clear presenta-
tion provides a starting point for stu-
dents and other newcomers and might
help orient them toward research that
will uncover new explanations. In any
event, the text is proof that, unlike ex-
planations, holography is far from com-
ing to an end.

Wolfgang Osten
University of Stuttgart
Stuttgart, Germany

The Story of Earth

The First 4.5 Billion Years,
from Stardust to Living
Planet

Robert M. Hazen

Viking, New York, 2012. $27.95
(320 pp.). ISBN 978-0-670-02355-4

The story of Earth has been told and
retold many times, using a familiar,
decades-old outline that leads from its

birth by planetesimal

accretion, to its molten

infancy, to the origin
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Earth: The First 4.5 Billion Years, from
Stardust to Living Planet is a new ac-
count by geologist Robert Hazen that
brings the outline up to date with the
latest research and links the story in a
unique and compelling way to the for-
mation of minerals at different stages in
Earth’s history.

Hazen is a good writer; reading the
book is a pleasure, but the content is
dense. The Story of Earth is neither a ca-
sual read nor a scientific text. There are
no references and no equations, and in
places, I would have welcomed a figure
or two. But the descriptions are com-
plete. I would recommend this book to
anyone committed to understanding
Earth and its history. As an added
bonus, the reader will see that history
through diverse minerals and gems.

The book begins with the Big Bang
and moves quickly to the formation of
Earth in the rotating disk of material
surrounding the young Sun. The focus
then turns to the large impact thought
to have ejected from Earth the material
that became the Moon. In that chapter,
and throughout the book, Hazen de-
scribes not just what we think we know
but how and why we came to believe it
was so. For example, he describes the
three competing theories for the Moon’s
origin that were most popular before the
Apollo missions: fission from Earth,
capture, and coformation. The composi-
tional and isotope data from the Apollo
samples showed that the Moon was es-
sentially material similar to Earth’s crust
but depleted in volatiles. Consideration
of the Apollo results spurred the new
idea of impact formation.

An internationally known researcher
with a broad interest in Earth sciences
and astrobiology, Hazen knows what is
happening in those fields and what
leads are under investigation. A good
example is his discussion of the possible
role of methane in breaking Earth out of
global, glacial “Snowball Earth” events.
Methane is a more potent greenhouse
gas than carbon dioxide. But its sources
and their variation over Earth’s timeline
remain an area of research.

Hazen recounts a teacher telling him
that if confronted with any mystery
rock, he would be right 90% of the time
by guessing it to be composed of plagio-
clase, a component of basalt—good to
know if you travel to the Moon or Mars.
Basalt, the rock that rules the worlds,
was our planet’s first covering and is
still the most abundant rock on Earth’s
sea floor and on Mercury, Venus, Mars,
and the Moon. But as Hazen explains, it
is granite that makes the land as we
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know it. Granite forms when basalt is
slowly melted in the presence of water
and the lighter, silicon-rich materials
come to the top. The results are of fun-
damental importance for Earth. The
granite collects and floats on the basalt,
forming the continents. If not for gran-
ite, Earth would be a water world with
only small basalt islands like the
Hawaiian chain.

Although the mineralogy of early
Earth is interesting, the diversity of min-
erals soared after complex life began to
produce oxygen. Hazen and his col-
leagues were the first to point out that
two-thirds of the 4500 known minerals
(including my favorite, turquoise) could
not have formed without free oxygen.
Indirectly, those gems are biomarkers.

In his final chapter, Hazen looks to
Earth’s future. All good things must end
someday, and so it will be with Earth.
As the Sun gets brighter, eventually be-
coming a red giant, Earth will no longer
be in the habitable zone and will be
turned to a cinder or outright vapor-
ized. Hazen shows us that final picture
and then puts it in context with the
near-term effects of human activities.
We humans are not destroying Earth;
we are only making it uncomfortable
for ourselves. In time, the many species
we drive to extinction will be replaced
by others, and the sea-level rise that will
destroy our coastal cities will be a blur
in the history of geological change.

Christopher P. McKay
NASA Ames Research Center
Moffett Field, California
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