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Random
Heterogeneous

Materials
Salvatore Torquato

Springer-Verlag, New York, 2002
ISBN 0387951679

728 pages, $69.95 (hardcover)

REVIEWED BY CHRISTIAN BROSSEAU

O ver the past 50 years, materials pro-
cessing engineers have studied the

functional and structural properties of
disordered heterogeneous media, includ-
ing composite and porous materials,
micellar dispersions and colloidal sus-
pensions. Among the challenges con-
fronted by designers of such multiscale
systems is the need to connect micro- or
mesostructural features to macroscopic
materials response, e.g. fluid permeabil-
ity, elastic moduli and electrical conduc-
tivity. Recent advances in computational
techniques offer unparalleled control of
morphology, which in turn has allowed
researchers to produce a seemingly
unlimited number of exquisitely struc-
tured materials endowed with tailored
transport, mechanical, electromagnetic
and other physical properties.

Random Heterogeneous Materials out-
lines recent theoretical advances in the
field and describes the tools that have
led to a resurgence of interest in these
and related materials. The author, an
expert on complex systems, is responsi-
ble for much of the recent progress in
the field of random heterogeneous
materials. A good portion of the mate-
rial presented here has not appeared in
any previous book on the subject.

The book is divided into two parts.
The first one describes the foundations
of the statistical characterization of the
microstructures of random heteroge-
neous materials. This part of the book
will appeal to those who want to learn
the statistics of many-particle systems
with a minimal time commitment, as
well as to readers who are looking for a
concise discussion of the image analysis
and reconstruction of real materials.
The second part of the book deals with
the effective properties of random het-
erogeneous materials and their link to
microstructure. In this context, the
author explains how to apply homoge-
nization techniques with the goal of
obtaining materials having specific
properties.

Random Heterogeneous Materials is a
well-written monograph characterized by
a high degree of originality. The teaching
is effective; most of the mathematical
derivations are elaborated in detail,
without excessive verbiage. Although
much of the book is written in such a
way as to address the needs of specialists
and advanced students, the reader need
not necessarily have an extensive back-
ground in mathematics. A number of
open research questions are outlined in
the presentation. Although the book
does not contain any exercises, it does
include numerous examples that have
been carefully worked out, along with
meticulous notes on the history and lit-
erature of the field.

The topics covered reflect the
author’s interests and expertise, and it 
is quite reasonable that his emphasis
should be different from mine. For
example, there is no discussion of the
progress that has recently been made in
the field of computational electromag-
netics of heterostructures. It’s obvious
that a single book cannot cover all the
topics of interest in this wide-ranging
field. Even so, this subject would have fit
into the whole quite naturally.

I thoroughly enjoyed this book. It
answers the longstanding need for a
textbook aimed at those who wish to
learn more about the fascinating but still
poorly understood area of condensed
matter physics. Torquato’s monograph
would make an excellent text for self
study or for a graduate course in disor-

dered materials. It will be welcomed by
the physical and materials science com-
munities alike.

Christian Brosseau (brosseau@univ-brest.fr) is a pro-
fessor of physics in the Physics Department at the
Université de Bretagne Occidentale in Brest, France. 

Alien Vision
Exploring the Electromagnetic

Spectrum With Imaging
Technology

Austin Richards
SPIE Press, 2001

160 pages, $56 (paperback)

REVIEWED BY J.C. ROSENBERG

A lien Vision begins with an 1893
quote from Ambrose Bierce:

“I am not mad; there are colors we can-
not see.” This quote sets high expecta-
tions for a book which deals with the
entire electromagnetic spectrum, how
we see visible light and how we image
frequencies outside the visible range.
Austin Richards, an industrial physicist
who practices in the field of imaging,
does not disappoint us: this clearly
written, humorous and outstandingly
illustrated non-technical tour of the
spectrum of light, from gamma rays to
radio waves, is quite enlightening and a
pleasure to read.

Alien Vision provides a context for
understanding the 13 orders of magni-
tude of the electromagnetic spectrum. It
also offers some surprising insights and
anecdotes for the physicist and non-
physicist alike. Two examples: how rat-
tlesnakes “see” you in the dark (heat
detection and simple eyes) and why
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Handbook of 
Optical Coherence

Tomography
Brett E. Bouma and 

Guillermo J. Tearney, Eds.
Marcel Dekker Inc., 2002

ISBN 0824705580
741 pages, $225 (hardcover)

REVIEWED BY AXEL MAINZER KOENIG

This handbook provides a comprehen-
sive description of optical coherence

tomography (OCT), a technology that
enables a number of applications in
diverse fields because of its unique ability
to allow noninvasive exploration of
microstructures in turbid media. The aim
of the book is to serve as a reference for
engineers and scientists involved in the
development of OCT technology, as 
well for medical clinicians who want to
understand its fundamentals. The book is
a collection of 28 papers written by inter-
national experts on the technology, imag-
ing concepts and applications of OCT.

In the section on applications, readers
will find a wealth of information on
medical applications in areas including
ophthalmology, dermatology, dentistry,
gynecology, cardiology, laryngology, urol-
ogy and gastroenterology. This section
also includes contributions on high den-
sity data storage and the study of matrix
polymer composites.

In the following section, the reader
will learn about the analogies between
OCT and B-mode ultrasound, as well as
about the resolution limits of OCT. The
chapter on theory gives a useful introduc-
tion to low coherence interferometry and

axial resolution. Detection electronics,
noise sources and design issues are also
discussed.

In the section on imaging concepts, the
reader will appreciate the treatment given
to speckle reduction techniques, Doppler
and polarization-sensitive OCT. An intro-
duction to optical coherence microscopy
and to full-field optical coherence
microscopy is provided. Alternative OCT
techniques and OCT in the Fourier
domain are also discussed in this section.

The technology section features a use-
ful introduction to design issues for OCT
scanners and questions related to system
integration as well as to signal and image
processing. All the papers contain excel-
lent gray scale images, as well as in some
cases high quality color shots. The color
images demonstrate the potential of
polarization sensitive OCT and the
enhanced capabilities of OCT in ophthal-
mology. Each contribution ends with a
useful summary and excellent references.

I highly recommend Handbook of
Optical Coherence Tomography because it is
well organized, accessible and up to date.

Axel Mainzer Koenig (Dspace21@aol.com) is with
21st Century Data Analysis, Portland, Ore. 

Lasers in Medicine
Ronald W. Waynant, Ed.

CRC Press, 2001
ISBN 0849311462

352 pages; $159.95 (hardcover)

REVIEWED BY REVA GARG

The first application of a laser in
medicine is attributed to dermatolo-

gist Leon Goldman, who used a ruby

Richard Feynman felt comfortable 
viewing the first atomic blast through a
car windshield (the glass blocked the UV
radiation).

The book could be a useful text for
high school through graduate level
physics courses. It could also serve as an
introduction to scientific thinking and
imaging technology for readers unfamil-
iar with physics. The organizational 
concept is a tour of the spectrum that
begins with the infrared and ultraviolet
and moves on to the extremes of
microwave and millimeter waves, X-rays
and gamma rays. At each stop, the char-
acteristics of the radiation are examined
along with the nature of their interac-
tion with matter and, where applicable,
our senses. Imaging techniques are
explored in terms of both technology
and applications. References to current
and emerging technology make the sub-
ject matter more concrete in the context
of the world we inhabit. The author’s
strategy of combining visual representa-
tions with science and the real world
applications driving development is 
a powerful way to tie the concepts
together.

Also included is a chapter on acoustic
imaging. Although not a form of elec-
tromagnetic radiation, sound can be
used to “view” areas which would other-
wise be impossible to see. Examples are
underwater imaging and the examina-
tion of a fetus in the womb, a case in
which X-ray imaging would be neither
prudent nor acceptable.

The final chapter of the book is enti-
tled “Sweeping Through the Spectrum:
Comparative Imagery.” Here we see both
the author’s face and the Milky Way
imaged at a variety of wavelengths. This
approach supports an appreciation of
the implications of seeing beyond our
normal visual range.

The book features: approximately 120
images; chapter endnotes; a glossary that
defines in simple language the key terms
used; a bibliography aimed at popular
works addressing the subjects of each
chapter; and an index. The volume
deserves a wide audience.

J.C. Rosenberg (jrosenberg@kpmg.com) is manag-
ing director, Bearing Point Consulting Inc., San
Francisco, Calif. 
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laser to remove a tattoo. Since then, both
lasers and medicine have witnessed
much progress. Among members of the
general public, lasers inspire visions of
painless, long-term healing and the
promise of quickly and easily attaining
beautiful, smooth skin. Although
patients generally manifest concern at
the thought of the radiation in X-rays,
laser beam radiation is perceived as
being harmless, almost as if lasers were
imbued with magical powers. The grow-
ing demand for laser treatment has led
many physicians—especially ophthal-
mologists, dermatologists and cardio-
vascular surgeons—to jump on the laser
bandwagon.

The editor of this book, Ronald W.
Waynant, offers us an interesting
overview of laser medicine at the dawn
of the 21st century. In the foreword,
Leon Goldman, widely regarded as the
father of laser medicine, highlights the
areas in which lasers are being used 
to improve on conventional practice.
Although the main purpose of the book
is to educate clinicians about the oppor-
tunities and limitations inherent in the
use of lasers, it touches on a number of
other areas as it explores developments
in laser medicine over the course of the
past three decades.

The need for clinicians to grasp the
basic physics of laser-tissue interactions
is emphasized. In an attempt to
expound on the science in a coherent
fashion, Waynant has amassed contri-
butions from experts in various medical
specialties. Each chapter describes sig-
nificant applications of laser technology
and offers the author’s perspective on
the state-of-the-art within his or her
area of specialization. The discussions
convey enough basic information to
enable readers to assess the usefulness of
lasers for a specific purpose and to
understand their limitations. Chapter 1
covers the fundamentals of lasers,
including pump sources, laser wave-
lengths and powers. The following
chapters cover: the optical and thermal
response of tissue to laser radiation;

uses and effects of ultraviolet radiation
on cells and tissues; the physics of ultra-
violet laser ablation; techniques that
allow doctors to pinpoint the location
of a malignant tumor; therapeutic and
diagnostic applications of lasers in oph-
thalmology; applications of lasers in
cardiovascular medicine; and the merits
and limitations of the use of lasers in
photodynamic therapy.

The well-organized discussions are
strengthened by the consistent use
throughout of measurements,
acronyms and definitions. The book is
well illustrated with figures and dia-
grams. There is an index, and each
chapter features a list of references.
Lasers in Medicine gives physicians
enough information to assess whether a
laser is useful for a specific purpose, so
they can make informed buying deci-
sions. The book would also be a useful
academic reference for biomedical
researchers.

Reva Garg (reva@unb.br) is a research associate
with the Instituto de Física, Universidade de Brasília,
Brasília-DF, Brazil.

Signal 
Processing Noise

Vyacheslav P. Tuzlukov
CRC Press, 2002

ISBN 0849310253
663 pages, $130

REVIEWED BY HSIUNG HSU

S ignal Processing Noise is part of the
CRC Press Electrical Engineering and

Applied Signal Processing Series. The

Topics covered include:

• the physiological underpin-
nings of color vision, color
matching and discrimination;

• color appearance and systems 
to specify it;

• the physics and chemistry of
color and color reproduction. 

OSA published the original edition
of The Science of Color in 1953. 
It sold for more than 40 years
through eight printings.

Order online at www.osa.org/pubs/bookstore2
Members, $78; Nonmembers, $95

THE SCIENCE OF COLOR
2nd Edition, Steven K. Shevell, Ed. 

The Science of Color reviews principles and facts 
underlying the interdisciplinary field of color.  

New 

Edition

The opinions expressed in the 
book review section of OPN are those 
of the reviewer and do not necessarily 

reflect those of OPN or OSA.
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Lévy Statistics and
Laser Cooling

François Bardou, Jean-Philippe
Bouchaud, Alain Aspect 

and Claude Cohen-Tannoudji
Cambridge University Press, 2002

ISBN 0521004225
214 pages, $90 (paperback)

REVIEWED BY HSIUNG HSU

T his highly theoretical book, which
aims to set forth a model for subre-

coil cooling, is unique in that it covers
atomic physics and quantum optics as
well as statistical processes. Although the
book is written primarily for scientists
and researchers working in laser cooling
applications such as ultrahigh resolution
spectroscopy, atomic interferometry and
Bose-Einstein condensation, the analysis
and modeling may have applications in
other areas as well.

Inspired by the quantum jump
descriptions of the cooling process, the
model represents the evolution of the
atom in terms of an inhomogeneous
random walk in momentum space with
a momentum dependent jump rate that
vanishes at p = 0, where p denotes the
atomic momentum. In the most fre-
quently used laser cooling schemes, an

ensemble of atoms interact with laser
beams with suitable polarization, inten-
sities and frequencies to promote reso-
nant exchange of linear momentum
between atoms and photons. This in
turn enables achievement of the small-
est possible momentum spread as the
atomic moments are damped. Because
of spontaneous emission, this state is
still characterized by fluctuations in p
(random walk). Further cooling is
achieved by means of an inhomoge-
neous diffusion process when the fluo-
rescence rate at which photons are
spontaneously re-emitted exactly van-
ishes at p = 0 and the trapped atoms are
further cooled by evaporative cooling.
In this phase, the more energetic atoms
are removed from the trap, allowing
those that remain to cool further.

The book contains an introduction,
which is followed by a discussion of
laser cooling and subrecoil cooling. The
statistical properties of the trapping
and slow recycling processes are
described, as is the fact that subrecoil
cooling is characterized by an inhomo-
geneous jump rate that depends on the
position p in momentum space. The
concept of Lévy statistics is reviewed
and applied to laser cooling; the char-
acteristics of trapped atoms are ana-
lyzed; the momentum distribution,
along with the physical interpretation
of its statistical description, is also pre-
sented. The book features experimental
tests of the Lévy statistics analysis in
quantum optics, along with applica-
tions of the theory described. It fea-
tures three appendices and an
exhaustive list of references.

Lévy Statistics and Laser Cooling is
too specialized to be used as a text for a
regular graduate course. It would, how-
ever, be an excellent reference for a semi-
nar on topics related to laser cooling.

Hsiung Hsu (hsiunghsu@hotmail.com) is with the
Department of Electrical Engineering at Ohio State
University.

book presents a general analysis of com-
plex signal processing in the presence of
additive Gaussian noise and multiplica-
tive noise caused by distortion in the
amplitude and phase structure of the
information signal. The author’s objec-
tive is to show that it is possible to raise
the boundary of potential noise immu-
nity for any complex signal processing
system. He suggests in the preface of
this fairly mathematical book that the
reader consult his two earlier works,
Signal Processing in Noise: A New
Methodology,1 and Signal Detection
Theory.2

Signal Processing Noise has nine chap-
ters that focus on: the main concepts
and definitions of probability and statis-
tics; classical and modern signal detec-
tion theories; a generalized statistical
model of multiplicative noise; the statis-
tical characteristics of signals under the
influence of multiplicative noise; the
generalized analysis of signal processing
in the presence of both additive
Gaussian noise and multiplicative noise;
analyses of signal distortion at the out-
put of linear systems due to multiplica-
tive noise; signal detection in the
presence of additive Gaussian noise and
multiplicative noise; effects of noise on
measurement precision; signal resolu-
tion in time and frequency in the pres-
ence of noise. There are two appendices:
the first is on the delta function; the sec-
ond is on the correlation function and
the energy spectrum of the noise modu-
lation function. Each chapter features its
own list of references. There is an index
at the end of the book.

Signal Processing Noise is probably an
updated version of the earlier book by
the same title which was published by
the author in Russian in 1998. It would
have been nice if the mathematical anal-
ysis of noise in signal processing sys-
tems had been paired with some basic
physical interpretation. In addition,
although the author indicates that it is
possible to improve the noise immunity
of any signal processing system, no spe-
cific information on optimal detection
schemes is given. The book may be of
interest to researchers working in the
area of noise statistics and random
variables. It would certainly be a nice

supplementary reference for a graduate
course in communications.

References

1. IEC, Minsk, 1998 (in Russian).

2. Springer-Velag, New York, 2001.  

Hsiung Hsu (hsiunghsu@hotmail.com) is with the
Department of Electrical Engineering at Ohio State
University.


