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BOOK REVIEWS

A Student’s 
Guide to Fourier

Transforms 
2nd Ed. 

J. F. James 

Fourier knew it, Helmholtz
knew it and Lord Rayleigh

knew it: the harmonics of a
fundamental vibration result
in music to our ears. Our ears
are harmonic analyzers which
decompose sound into fre-
quency components and thus
execute real-time Fourier
transforms.

Jean Baptiste Joseph
Fourier (1768-1830), building
on the earlier works of 18th

century mathematicians,
developed a mathematical
series to analyze the conduc-
tion of heat in solids. His
seminal work, “The Analytical
Theory of Heat,” is available
from Dover Publications as an
unabridged republication of
the posthumous 1878 edition.
In this book, Fourier pro-
vided a non-rigorous mathe-
matical approach to the
solution of the heat diffusion
equation in solids.

The present book, by P. F.
James, is a testament to the
wide utility and applicability
of Fourier’s methods and
their development. Fourier
showed that a trigonometric
series can represent arbitrary
periodic functions. A non-

periodic series can still be
synthesized if all the frequen-
cies are present. Fourier’s
work demonstrates the power
and beauty of mathematical
physics in such diverse appli-
cations as physical optics, heat
transfer, image compression
and computerized x-ray
tomography.

“Ninety percent of all
physics is concerned with
vibrations and waves of one
sort or another,” James writes
on the first page. In the
remainder of the book, he
demonstrates the connection
between the Fourier analysis
of wave phenomena and
other branches of physics.

The book is divided into
two parts: the first is a concise
overview of Fourier trans-
forms, the ‘top-hat’ function,
the sinc-function, the
Gaussian function, the Dirac
‘delta-function,’ the Dirichlet
conditions, and convolutions.
The second part, devoted to
applications, covers
Fraunhofer diffraction, signal
analysis, spectroscopy and
spectral line shapes, two-
dimensional (2D) Fourier
transforms of various aper-
tures, multidimensional
Fourier transforms and the
theory of computerized axial
tomography. The final chap-
ters discuss discrete and digi-
tal Fourier transforms and the
fast Fourier transform, which
is included as a BASIC 
computer routine. The book
ends with a useful appendix
of mathematical proofs. There
is an annotated bibliography
but the author did not include
an index. This volume con-
tains minor corrections and
additions to the first edition.

The book is written for
advanced students. Although
it assumes no previous
knowledge of the subject, a
solid background in mathe-
matics, including functions of

a real variable is, in my opin-
ion, a prerequisite. Other
books are more suitable for
use as a textbook because
their contents are more fully
developed. These include vol-
umes by: Joseph W. Goodman
(1968); Jack D. Gaskill (1978);
Joseph Henry Stark (1982);
Ronald N. Bracewell (1986);
Ellis Horword Steward
(1987); Robert M. Gray and
Joseph W. Goodman (1995);
and Raymond G. Wilson
(1995). I think that the inclu-
sion of 3D images of diffrac-
tion patterns is critical to

Fourier’s work demonstrates the
beauty of mathematical physics in
such diverse applications as physical
optics, image compression and 
computerized x-ray tomography.

helping students visualize
Fraunhofer diffraction.

Although the book is a
clear and concise exposition
of the author’s interest in
applications of the Fourier
transform, he writes that it is
“deliberately incomplete.” I
fear that many readers will
find it too concise and too
incomplete to be appropriate
for students.

Cambridge University Press, 2002;
$60. The publisher also offers a less
expensive paperback edition. Review
by Barry R. Masters, a Fellow of OSA
and of SPIE, who works as a consul-
tant in Arlington, Va. 

Tell us what you think: http://www.osa-opn.org/survey.cfm
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Electromagnetic
Scintillation
Volumes I and II

Albert D. Wheelon

F ew books available today
focus solely on electro-

magnetic scintillation; a
reader might have to look in a
number of books in different
subject areas to find what
these two volumes concisely
detail. Author Albert D.
Wheelon, for the past decade
a visiting scientist in the
Environmental Technology
Laboratory at the National
Oceanic and Atmospheric
Administration, has pub-
lished 30 papers in leading
journals on the topics of radio
physics and space technology.

Volume I, on geometrical
optics, is aimed at
astronomers, instrument
engineers, systems engineers
and atmospheric scientists.
Suitable for use as a textbook
or for self-study, it focuses on
signal phase and signal angle
of arrival errors, both of
which can be accurately
described by means of geo-
metrical optics. The author
builds mathematical models
and uses them to derive for-
mulas which relate changes in
the refractive index to wind
speed, humidity, plasma 

density and other important
atmospheric phenomena. The
scientist or engineer con-
fronted with electromagnetic
scintillation can use the book
to manipulate his or her sys-
tem in such a way as to pre-
serve signal integrity.

The chapters in Volume I
cover: waves in random
media; geometrical optics
expressions; the phase struc-
ture function; the temporal
variation of phase; angle of
arrival fluctuations; phase dis-
tributions; and field strength
moments. There are hundreds
of references, as well as chal-
lenging problems, at the end
of each chapter. The highly
sophisticated mathematics
used throughout are accom-
panied by good descriptive
writing and many useful dia-
grams and tables.

In Volume II, the author
covers weak scattering and its
effects on amplitude and
intensity fluctuations of the
received signal. The random
nature of the medium
between satellites and the
medium through which
earthbound signals from
space must pass affects the
phase, amplitude, polariza-
tion and diffraction patterns
of each signal. After introduc-
ing the Rytov condition and
the Rytov approximation, the
author dives into the interest-
ing science and mathematics.
The remaining nine chapters
cover: amplitude variance;
spatial covariance; the power
spectrum; frequency correla-
tions; phase fluctuations;
double scattering; field
strength moments; amplitude
distributions; and polariza-
tion changes. Volume II is tar-
geted to atmospheric
scientists, communication
engineers, advanced electro-
magnetic researchers, optical
scientists and environmental
researchers. Readers should

have an advanced under-
standing of electromagnetics
and calculus.

There are 11 appendices in
Volume I and 15 in Volume II.
The illustrations, graphs and
tables are clear and support
the text well.

I recommend the series to
those interested in advanced
applied electromagnetics or
advanced atmospheric science
applied to communications.
I look forward to publication
of Volume III, which will
cover longer signal paths 
with stronger scattering 
characteristics.

Cambridge University Press, 2001 and
2003; $120 (Volume I), $110 (Volume
II). Review by David Finsmith, electro-
optical engineer and consultant based
in Rochester, N.Y. 

X-Ray Lasers 2002
J. J. Rocca, J. Dunn 

and S. Suckewer, eds.

This volume, a collection
of papers presented at the

8th International Conference
on X-Ray Lasers in 2002,
reviews advances in the devel-
opment and applications of
X-ray lasers. The papers pub-
lished here offer an up-to-
date progress report on
traditional and non-tradi-
tional approaches to the
development of X-ray lasers,

as well as descriptions of a
number of applications. One
focus is the development of
compact, practical X-ray
lasers produced by tabletop
ultrashort optical lasers
pumping fast capillary dis-
charges. Such sources allow
for tabletop interferometric
measurements of very high
density plasmas since they
have peak spectral brightness
several orders of magnitude
higher than synchrotron
sources.

The proceedings cover
source development, new
optics and X-ray instrumen-
tation, all of which are essen-
tial to realization of the full
potential of new X-ray
sources in numerous scientific
and technological applica-
tions. The volume provides a
comprehensive survey of
recent developments which
will be helpful to researchers
as well as to applications-
oriented scientists and engi-
neers.

This volume is a timely
addition to the literature. It
would have been even more
helpful to advanced graduate
students and young
researchers if the editors or a
few leaders of the field could
have augmented it with intro-
ductions summarizing the
developments and applica-
tions described and speculat-
ing about the future
directions of the field. To
reach a wider readership, the
publisher should consider a
paperback edition at a sub-
stantially reduced price.

American Institute of Physics, 2002;
$205. Review by K. K. Lee, principal
scientist Booz Allen Hamilton,
Arlington, Va.

The opinions expressed in the 
book review section are those 
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necessarily reflect those of 
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Ultrafast Lasers
Technology and Applications
Martin E. Fermann, Almantas
Galvanauskas and Gregg Sucha, eds. 

P art of the Marcel Dekker series
on optical engineering, this

book covers the burgeoning num-
ber of applications of ultrafast
lasers in industry and research. The
first part includes sections on

ultrafast solid-state lasers and amplifiers, ultrafast fiber oscilla-
tors, ultrashort pulse fiber amplifiers and ultrafast mode-
locked semiconductor lasers. The second part covers industrial
and medical applications, micromachining, changes induced
in transparent materials, rapid scanning time delays, electro-
optic sampling and field mapping, terahertz wave imaging,
phase controlled few-cycle light, ultrahigh bit rate communi-
cation systems, nonlinear microscopy, optical coherence
tomography and ophthalmology. The text is augmented by
many excellent diagrams of systems and waveforms in the
time and frequency domain. The book offers readers a fasci-
nating glimpse of the future by touching on several evolving
application areas.

Marcel Dekker, 2003; $225. Review by David Finsmith, an electro-optical engi-
neer and consultant based in Rochester, N.Y.

Fractal and Wavelet Image
Compression Techniques
Stephen T. Welstead 

This two-part book and its accom-
panying software focus on the

algorithmic development of fractal
image compression and wavelet image
compression. Starting from simple
wavelets, the author carefully develops
the mathematical framework leading

to the wavelet transform and its inverse. The use of scaling and
wavelet functions is well supported by examples and the con-
nection to multiresolution analysis is made accessible. The
author covers Daubechies wavelets and presents a short dis-
cussion of other wavelet systems developed up to 1999. The
reader will find an introduction to zero-tree encoding and its
application to wavelet transforms, as well as hybrid fractal-
wavelet coding schemes, rate distortion, encoding speed and
larger images. Readers are also introduced to iterated function
systems within the context of metric spaces. I highly recom-
mend this book to members of its target audience: advanced
students and professionals who are not specialists in the field
of image compression but have a good background in mathe-
matics and linear algebra.

SPIE Optical Engineering Press, 1999; $50. Review by Axel Mainzer Koenig,
chief executive officer of 21st Century Data Analysis, Portland, Ore. 

Here are the
answers to the
optics cross-
word puzzle,
created by 
OSA Treasurer
Stephen D.
Fantone, which
was published
in the April
issue.

Do you
have a puzzle 
or brain teaser
to share? 
Write us at
opn@osa.org.

Tell us what you think: http://www.osa-opn.org/survey.cfm
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