
plest PBG consists of alternate dielectric
layers with different refractive indexes, as,
for example, in a Bragg mirror. More com-
plicated structures, in two or three dimen-
sions, have been realized only recently, by
use of micromachining techniques based
on Si or GaAs. Among the main character-
istics that make PBGs so attractive for ap-
plications in optoelectronics are the sup-
pression of spontaneous emission, low-
threshold lasing, high mirror reflectivity
and the possibility of second-harmonic
generation.

Sakoda’s book is a very good theoretical
introduction to PBGs. The writing style is
exceedingly clear and the mathematical
formulas are carefully explained. The
straightforward presentation makes it a
good choice for students, Ph.D. candi-
dates and researchers who want to tackle
the topic.

The first two chapters deal with the
eigenmodes of PBGs and their symmetry,
using group theory (as in the case of solid
crystals) and with the same terminology
used for elements of Brillouin zone sym-
metry. Next, the transmission spectra of
the main PBG configurations, i.e., square
or hexagonal lattice, are presented. PBG
optical response is the subject of chapter
five; here, the nonlinear properties of
PBGs are described. Defect modes in
PBGs and their band behavior for a fre-
quency-dependent index of refraction are
the subjects of the next two chapters. The
treatment given photonic crystal slabs in
chapter eight, is, unfortunately, too brief.
Photonic crystal slabs have, in fact, a num-
ber of potential applications thanks to
their planar geometry and to the ease with
which they can be integrated with opto-
electronic and electronic components.
The main application for PBGs, low-
threshold lasing to enhance stimulated
laser emission, is analytically and numeri-
cally investigated. The last chapter of the
book is dedicated to quantum optics in
PBGs, more precisely to electromagnetic
quantization and squeezing in periodic
geometries. The book ends with a list of
references and a short index.

I enthusiastically recommend the book
to students and researchers working in the
areas of solid-state and optoelectronic de-
vices. It would be an extremely worthwhile
acquisition for any university library.

Daniela Dragoman, (danieladragoman@yahoo.com)
is with the Faculty of Physics, Solid State Department,
University of Bucharest, Bucharest, Romania.
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Optical Properties of
Photonic Crystals

Kazuaki Sakoda
Springer Verlag, 2001

ISBN 3540411992
210 pages, $49.95 (hardcover)

REVIEWED BY DANIELA DRAGOMAN

This book, the 80th volume in the pres-
tigious Springer Series in Optical Sci-

ences, is entirely dedicated to photonic
crystals, or photonic bandgap (PBG) de-
vices. Photonic crystals—one-, two- or
three-dimensional periodic structures
characterized by gaps in the dispersion re-
lations that separate the upper and lower
regions—are one of the most important
recent advances in the field of electromag-
netic theory and its applications.

Although the dispersion relation of
these structures presents an evident analo-
gy to the band structure of a solid crystal,
the analogy stops there. Despite the simi-
larities in the energy bands, photonic crys-
tals are not crystals at all. In a photonic
crystal, in fact, there are no elementary ex-
citations or electrons, nothing to produce
the effects that have made solid crystals the
building blocks of the most advanced de-
vices on which modern computers and
communications systems are based. To
avoid confusion, especially among stu-
dents, the term  “photonic crystals” should
thus be used very carefully; the name PBG
is to be preferred for this reason.

PBGs can be excited by incoming elec-
tromagnetic fields with frequencies in the
optical range, although excitations at mi-
crowave and millimeter-wave frequencies
are also frequently encountered. The sim-

Selected Topics in
Advanced Solid 
State and Fibre 
Optic Sensors

S. M.Vaezi-Nejad, Ed.
Inspec/IEE, 2000

ISBN 0852967799
253 pages, $85.00 (hardcover)

REVIEWED BY YANG ENZE

A s its title suggests, this book covers
topics in advanced solid-state and

fiber-optic sensors. It gives a comprehen-
sive introduction to the basic concepts un-
derlying many kinds of sensors and meas-
urement techniques, and is thus well suit-
ed to serve as a supplementary text for an
undergraduate or graduate course in 
electronic or very-large-scale-integrated
(VLSI) circuits. It would have been nice if
there had been more coverage of two areas
that are currently the object of intensive
research and development efforts: fiber-
optic sensors that use lasers and nonlinear
optical interaction in fibers. It would also
have been useful to have had more refer-
ences on electroactive and conducting
polymers. An obvious example of a suit-
able reference that was not mentioned: the
Smart Structures and Materials Series
published by SPIE, chapters 5 and 6, in
which potential applications to microbiol-
ogy, medicine and MEMS are all covered.

This book is not a comprehensive text
on sensors because it does not go into de-
tails on the structures and theory involved.
Nevertheless, it is a very good introducto-
ry text for students and engineers interest-
ed in sensors.
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Quantum Optics 
An Introduction

Werner Vogel, Dirk-Gunnar Welsch,
Sascha Wallentowitz
John Wiley & Sons, 2001

ISBN 352740256X
442 pages, $99.95 (hardcover)

REVIEWED BY DAVID FINSMITH

This 12-chapter book covers the basic
concepts of quantum optics, as well as

the more advanced aspects that are cur-
rently the subject of research around the
world. It consists of lectures given by the
authors at some of the finest educational
institutions in Europe.

The 1977 demonstration of non-classi-
cal light reopened the field of quantum
optics, which had originated in the days in
which Einstein was developing his theories
on the photoelectric effect. In the inter-
vening decades, the field of quantum op-
tics has been developing rapidly: hundreds
of articles on the topic are published each
year in physics and optics periodicals.
More and more books are appearing as
well; the high threshold of math and
physics to be mastered to get the true fla-

BOOK REVIEWS

The first chapter covers the underpin-
nings of common sensors, the develop-
ment of smart sensors and MEMs. Other
chapters describe optical-sensing tech-
niques; recent advances in amplitude-,
phase-, wavelength- and polarization-
modulating sensors; amorphous semicon-
ductor sensors, such as xerography and x-
ray image sensors; dielectrophoretic sen-
sors for microbiological applications; elec-
trically conducting polymers; and thin-
film gas sensors. Each chapter features a
lengthy list of references. There is also an
appendix at the end of the book.

Yang Enze (ezyang@tju.edu.cn) is a professor in the
College of Electronics and Information Engineering,
Tianjin University, Tianjin, China.

Electro-Optical 
Imaging: System
Performance and

Modeling 
Lucien M. Biberman, Ed. 

SPIE Press, 2000 
ISBN 0819439991

1162 pages, $115.00 (hardcover) 

REVIEWED BY JIZHONG CHEN 

Over the past 40 years, great advances
have been made in the understanding

of human perception and in the develop-
ment of advanced sensor systems that sig-
nificantly extend the range of human vi-
sion.These achievements are based on the
study of how the human eye-brain system
relates in the presence of different light
levels to imaging sensors and, in the

process, to the outside world. There is no
doubt that understanding the complex re-
lationship between human vision and the
outside world via imaging sensors is fun-
damental to many applications in military
and civilian life, as well as to the quest for
deeper insight into the workings of the
human body.

There could be no better editor than
Lucien M. Biberman for this significant
compendium of technical literature,
which traces the development of low-
light-level and infrared imaging-system
technology, modeling, performance and
characterization. Biberman has distin-
guished himself as one of the foremost
contributors to the United States’ capabil-
ity in infrared and electro-optical technol-
ogy. He has earned worldwide recognition
for his continuing, pioneering research in
the fields of infrared detectors, sensors,
missile seekers and night vision. With the
enthusiasm and spirit of collegial collabo-
ration that typify him, Biberman has com-
bined the efforts of 23 contributors to pro-
duce this comprehensive book on electro-
optical imaging system performance and
modeling.

The book contains 30 chapters and is
almost 1200 pages long. After an introduc-
tion to the history of imaging devices for
night vision, there is a discussion of the
basic physical concepts of luminance, ra-
diance and natural sources of low-light-
level illumination. Next, different image-
intensifier structures, imaging seniors and
calibration and characterization methods
are discussed. After a chapter on estimat-
ing atmospheric transmission, the book
moves on to cover image-system model-
ing, including the effects of background
and weather statistics.

Visual psychophysics and the visual de-
tection process—the final stage of an elec-
tro-optical imaging system—are covered
next. Here, discussion focuses on the engi-
neering parameters of an electro-optical
imaging device and on man’s ability to ex-
tract information from the device display.
The final chapter is a lengthy one devoted
to the practical problems of searching with
image sensors for U.S. Department of De-
fense applications.

At the end of every chapter, the book
includes an extensive reference list, an in-
dex and author biographies.

The authors have clearly devoted a
tremendous amount of effort to the

preparation of this well-organized, com-
prehensive handbook. I agree with the
publisher, who states that “this effort
shows in the quality of the work, which
will be of value to the entire electro-optics
community.”

Jizhong Chen (chenj@pop900.gsfc.nasa.gov) Sigma
Research & Laser Remote Sensing Branch, NASA God-
dard Space Flight Center, Greenbelt, Maryland. 



52 Optics & Photonics News ■ January 2003

BOOK REVIEWS

vor of this amazing field explains why a
broad readership for these books has not
emerged.

The reader of this book, in particular,
must possess a good understanding of
quantum mechanics and quantum elec-
trodynamics, as well as a familiarity with
Dirac notation coupled with the variety of
commutative operators. Quantum Optics
is very theoretical, and its pages are dense-
ly packed with mathematical formulae.

The first section of the book introduces
the reader to some of the quantum effects
that Einstein became curious about.
Quantum electrodynamics, quantum
states of bosonic systems and a chapter on
phase-space representation establish most
of the notation contained in the rest of the
book. The next section begins with the
quantum theory of damping, moving on
to cover its various representations and
the important concept of harmonic oscil-
lators. Next, an entire chapter is dedicated
to the theory of photodetectors. At the end
of this section, non-classical states, one of
the most interesting areas of quantum op-
tics, are described.

The final section begins with leaky op-
tical cavities and an explanation of the
vacuum field and its coupling to the radia-
tion field inside an optical cavity. The fol-
lowing chapter describes the theory of res-
onance fluorescence with two-level and
multilevel effects and vibronic coupling.
The final two chapters are especially in-
triguing. They are titled,“A Single Atom in
a High Q Cavity” and  “Laser Driven
Quantized Motion of a Trapped Atom.”

The book features a good table of con-
tents and an index, along with dozens of
references and suggestions for further
reading at the end of each chapter. I rec-
ommend it to those researchers and scien-
tists who seek a well-rounded understand-
ing of theoretical quantum optics.

David Finsmith (dfinsmith@msn.com) is with the U.S.
Patent Office, Arlington, Virginia.

Optical Imaging 
And Aberrations

Part II, Wave 
Diffraction Optics

Virendra N. Mahajan
SPIE Press, 2001

ISBN 081944135X
406 pages, $80.00 (hardcover)

REVIEWED BY JAMES C. WYANT

Part I of this book, which covered ray
geometrical optics, was published in

1998. Part II of the book discusses the
characteristics of the diffraction image of
an object formed by an aberrated system.
The emphasis is on the numerical results
of the effects of aberrations on a diffrac-
tion image. Each chapter ends with a set of
problems. The problems are generally well
thought out, and provide a good way of
understanding the material in the book.

The book is divided into five chapters.
It starts with a description of the diffrac-
tion theory of image formation. The Huy-
gens-Fresnel principle is derived from the
Rayleigh-Sommerfeld theory. On this ba-
sis, the point spread function (PSF) and
optical transfer function (OTF) are de-
rived. A comparison of imaging based on
diffraction and geometrical optics is given
in terms of the PSF and the OTF. Expres-
sions for obtaining aberration tolerances
are derived. The chapter concludes with a
very useful short summary of 24 theorems

concerning imaging and diffraction. This
first chapter forms the foundation for the
remainder of the book.

Chapter 2 discusses optical systems
with circular apertures. The effects of pri-
mary aberrations on the Strehl ratio are
discussed, and aberration tolerances are
obtained. Aberrated PSFs and OTFs are
discussed and compared with their coun-
terparts in geometrical optics. Incoherent
imaging and coherent imaging are com-
pared. The Fourier-transforming property
of wave propagation is illustrated by use of
spatial filtering in the Fourier-transform
plane to alter the image of an object. The
chapter contains many plots and photos of
point-spread functions obtained in the
presence of aberration. The third chapter
is similar to the second chapter except that
it covers optical systems with annular
pupils. While it is straightforward to de-
rive the material in chapter 3 from the ma-
terial in chapter 2, I know of no other
place where the imaging properties of an-
nular pupil optical systems are covered so
completely.

The fourth chapter describes optical
systems with Gaussian pupils for both cir-
cular and annular pupil systems. The ef-
fect of arbitrary truncation of beams, with
and without aberrations, is discussed. The
effects of random aberrations on images
are discussed in chapter 5. The time-aver-
aged Strehl ratio, PSF and encircled energy
are given for systems with circular and an-
nular pupils in the presence of random
image motion. The effects of atmospheric
turbulence on both short- and long-expo-
sure images are discussed.

The author is an excellent writer and
the book is very well written. The book
should be of value to students learning
about the effects of aberrations and dif-
fraction on the performance of imaging
systems, as well as practicing engineers.
The practical problems at the end of each
chapter help develop a good understand-
ing of aberrations and diffraction as ap-
plied to real-world problems. I think it is a
great book.

James C. Wyant (jcwyant@optics.arizona.edu) is
with the Optical Sciences Center at the University of
Arizona. 

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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Selected Papers 
On Optical 

Low-Coherence 
Reflectometry & 

Tomography
Barry R. Masters, Ed.

SPIE Press, 2001 
ISBN 0819438375

687 pages, $110.00 (hardcover)

REVIEWED BY DEJAN PANTELIC

For many years, radiation coherence has
been considered advantageous in most

applications. In certain areas, incoherence
can be of benefit as well, a fact that is dis-
cussed in this book. Optical Low-Coher-
ence Reflectometry & Tomography is a col-
lection, edited by Barry R. Masters, of 101
important papers on this very modern
and interesting topic.

Although the word tomography ap-
pears in the title, this book has nothing to
do with reconstruction from projections,
Radon transform or back projection. The
word tomography in this context denotes
a technique in which information about
internal structure is obtained by means of
analysis of the optical radiation backscat-
tered by inhomogeneities inside an object,
such as biological tissues or optical fibers.

Roughly half of the book is devoted to
technical topics such as: sources with short
coherence length; rapid-scanning optical
delay lines; interferometric techniques;
and signal processing. Applications in

fiber-optic telecommunications and med-
icine are also discussed here in general
terms.

The second half of the book is mainly
concerned with applications of the tech-
niques in various branches of medicine:
ophthalmology, dermatology, gastroen-
terology, dentistry, embryology, develop-
mental biology, biopsy, endoscopy, cardi-
ology and vascular morphology. A num-
ber of impressive images of in vivo struc-
tures of various tissues and organs are in-
cluded. This section of the book would ap-
pear to be of most use to researchers in the
life sciences, because the techniques them-
selves are mentioned only briefly. Instead,
various structural details of tissues and or-
gans are shown.

The book ends with a bibliography,
which includes references to other land-
mark papers, books and Internet re-
sources, and a short but useful author and
subject index.

In general, Selected Papers on Optical
Low-Coherence Reflectometry & Tomogra-
phy will be of more use to the novice than
to the experienced researcher, who already
has amassed numerous reprints on these
topics. Yet some possibly hard-to-obtain
papers included here from the medical lit-
erature and SPIE proceedings should be of
interest even to accomplished scientists.
For the most part, the selection of reprint-
ed papers is careful, although it seems that
some of the papers do not deserve the title
“milestone” because they simply repeat the
existing research in a slightly different
context. An introductory paper or papers
on coherence theory, tomographic tech-
niques and inverse scattering problems
would have been a nice addition.

Although the fact that the book is a col-
lection of papers by different authors
makes it difficult to render a definitive
judgment on overall quality, Selected Pa-
pers on Optical Low-Coherence Reflectome-
try & Tomography is certainly extremely
useful. I warmly recommend it even to
those interested in areas not directly con-
nected with reflectometry and tomogra-
phy. For example, researchers in coherent
and incoherent optics, interferometry and
signal processing will find many interest-
ing topics here.

Dejan Pantelic (pantelic@phy.bg.ac.yu), Institute of
Physics, Belgrade, Yugoslavia.
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