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Bright Earth 
Art and the Invention of Color 

Philip Ball
Farrar, Straus and Giroux, 2002 

ISBN 0374116792
382 + ix pages, $30.00 (hardcover)

REVIEWED BY M. L. WOLBARSHT 

In Bright Earth, Philip Ball takes you
with him on a trip through the ages,

showing the use of color in art. The mate-
rial in the main is interesting and well
presented. The author is at his best in
describing where the pigments that have
been used come from and the problems
associated with each. Procurement, stabil-
ity, cost and clarity are all important fac-
tors in determining the palette of the
individual artist.

The chapter on the physics and chem-
istry of color, “Plucking the Rainbow,” is
as charmingly written as the rest of the
book, but the description of the inner
workings of the eye and the visual system
as a whole is far from such science as we
have today. The author depends on
Newton's analysis of color: an excitation
of a multiplicity of receptors, each tuned
to a specific wavelength, just as the ear
recognizes the pitch of a sound or the
strings in a harp are excited sympatheti-
cally by the identical tone from another
source. Pitch, however, is a linear dimen-
sion from low to high.

Even recognizing that color vision
uses few receptors—perhaps only three—
does not change the linear display of
wavelength in the rainbow to the color
wheel that is our perception of it. There is

a good reason for the mixture of red with
deep blue. The main receptor for long
wavelengths has a secondary sensitivity
band with a peak near the beginning of the
ultraviolet. Thus, deep blue appears to be
mixed with red, giving purple and a closed
color circle, rather than a simple linear dis-
play of colors. Color vision, which, by the
way, all mammals seem to possess, seem-
ingly evolved to enable the recognition of
threats and the identification of foods. The
other properties are accidental and the
neural mechanisms in the visual system are
as important as the color receptors them-
selves in modifying our perception of
color.

The author shows how the price of
certain pigments, especially types of blue,
has led to legal battles between various
artists and their patrons. His presentation
of the history associated with the pigments
used in the fine arts is quite interesting,
even exciting in places. The story does not
stop with the invention of modern organic
dyes, it may even intensify. With a much
wider range of permanent colors available,
some artists turn their backs and use a
very restricted color palette. Although Piet
Mondrian and others allied with him pro-
fess a philosophical basis for their decision
to exclude browns, greens and non-
primary colors, the difficulty that men
with a defective color sense such as
protanopia or deuteranopia have in appre-
ciating many of these colors suggests a
genetic basis of at least some of the artists
in making such a choice.

Photography, particularly color pho-
tography, is also described in sufficient
detail to allow the reader to appreciate its
alliance with more conventional forms of
art in relation to color and pigment his-
tory. Photography is certainly an art form
in its own right; the author, however, is
more concerned with the stimulus that it
gave to painting. Fugitive scenes and col-
ors could be captured to be used later as
the basis for conventional oil and water-
color renditions in the artist's studio.
Occasionally, the photograph was more
highly regarded than the painting for
which it was the basis. The restoration
and conservation of oil paintings as
regards the color and the specific pig-
ments used are also treated at length in a
very interesting and informative way. The
author gives several examples of the con-

siderations involved in specific cases of
restoration or conservation.

Readers with a background in any of
the subjects covered by Philip Ball will
find many statements to question or with
which they may even violently disagree.
Nevertheless, the overall presentation is
worth studying closely. Certainly, the
book belongs in the library of anyone
seriously interested in pigments in the
fine arts as well as the primary visual
materials for color vision.

M.L. Wolbarsht (deryag@psych.duke.edu) is a 
professor of ophthalmology and biomedical 
engineering at Duke University, Durham, N.C. 

Handbook of Optical
Fibre Sensing
Technology           

Jose Miguel Lopez-Higuera, Ed.
Wiley Publishing, 2002

ISBN 0471820539
795 pages, $180 (hardcover)

REVIEWED BY DAVID FINSMITH       

H andbook of Optical Fibre Sensing
Technology, a 36-chapter com-

pendium, is edited by Jose Miguel Lopez-
Higuera, who has worked on the
development of sensors and smart struc-
tures for a variety of industrial, environ-
mental, power and civil engineering
projects. He currently teaches at
Cantabria University in Spain.

The book, which is divided into four
parts, features chapters by leading engi-
neers and physicists. Among the handful
of books dedicated to sensors, this one is



The fourth and final section focuses
on specific applications in all areas of
engineering, from nuclear and electrical
power to industrial engineering, aviation
and automobile guidance. Biomedical
sensors and environmental sensing are
also covered.

The table of contents and indexes are
good. There are hundreds of references at
the end of each chapter. The book is light-
handed in its use of mathematical formu-
las. Numerous excellent diagrams help the
reader grasp the material. Each chapter
starts with an introduction and some
background which, for the most part, is
helpful rather than repetitive. Handbook of
Fibre Optical Sensing Technology can be
understood by anyone with an under-
graduate background in physics or electri-
cal engineering. I would recommend it as
a reference work for the libraries of many
scientists and engineers in all fields.

David Finsmith (dfinsmith@yahoo.com) is with the
U.S. Patent Office in Arlington, Va.                                
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unique in that it is dedicated exclusively
to optical fiber sensors. The first and
shortest section is an introduction to the
characteristics of different types of optical
fibers. Part 2, “Fundamentals of Photonics
and Components for Sensing,” begins
with the interactions between matter and
light and the mechanics of wave guiding
by means of the different fiber materials
in commercial use today. Manufacturing
of optical fibers is discussed, as are the
components of integrated fiber optic
sensing systems.The final two chapters in
part two focus on optical amplifiers and
superfluorescent fiber optic sources.

In the third and central section,
“Principles and Techniques for Sensing,”
the physical principles employed by spe-
cific systems are detailed in a descriptive,
accessible style.Topics covered include dis-
tributed optical fiber sensing, laser
Doppler velocimetry, fiber gyroscope prin-
ciples, fiber grating technology, discrimi-
nation techniques for optical sensors and
passive and active optical sensor networks.

Uniform 
Color Scales

ISBN 1-55752-268-5 (3-ring notebook)

The Uniform Color Scales
demonstrates a unique scientific 

color system through the 
presentation of 558 uniformly 

spaced color samples that 
include not only scales of constant

lightness and hue but also six 
entirely different scales that exhibit

variations of both attributes. 
The significance of this color 
system is that it addresses a 

long-standing problem in the field 
of colorimetric research. It provides 

the first approach for evaluating 
the noticeability of combined 
luminance and chromaticity 

differences. 

Order online at
www.osa.org/pubs/bookstore

Members, $78; Nonmembers, $95

Have you reported significant findings 
in a refereed publication over 
the course of the past year?

Please submit a summary 
of your article to OPN’s 

December issue, “Optics in 2003.”

For requirements/submission form:
www.osa.org, click on OPN

e-mail a request to opn@osa.org
or call 202-416-1423 

Optics in 2003

CALL FOR PAPERS



Mind at 
Light Speed

A New Kind of Intelligence 
David. D. Nolte

The Free Press, 2001
ISBN 0743205014

320 pages, $26 (hardcover)

REVIEWED BY DANIELA DRAGOMAN

M ind at Light Speed is a popular sci-
ence book that describes the

tremendous advances made in the field of
optical science since the invention of the
laser. The book is not, however, a simple
catalogue of discoveries. The author’s
main goal is to show the tremendous
potential of light-based machines such
as optical computers, optical neural net-
works, optical Internet systems and
quantum computers. A reader who is
already familiar with the excellent popu-
larized accounts of recent discoveries
published monthly in Physics Today and
OPN will want to skip the sections of
this book that deal with this material. To
undergraduate students and other
young readers, however, the entire book
will be of interest.

The book comprises 10 well-written
chapters that together constitute an
accessible description of the booming
domains of optical science and related
technologies. Chapters 2, 6, 7 and 8 are
simple explanations of laser function,
fiber optics, holograms, optical solitons
and optical communications. Chapters
3, 4 and 5, the most interesting ones in
the book, are dedicated to brain func-
tion, the visual system, visual perception

and the theory of language and informa-
tion. Physics in the 20th century devel-
oped without account being taken of the
interaction among physical and biologi-
cal systems. Twenty-first century physics,
in contrast, must be built on a synthesis
of biological and traditional physical
systems. The great mystery of our cen-
tury is, in fact, the brain. And beyond
simple models of neurons and neural
networks, we do not know much about
how it functions. The adult human brain
has 20 billion neurons, each of which
shares 1000 synapses with other neu-
rons. It is an unexplored universe, more
complex than that of the galaxies, stars
and planets that surrounds us. The quest
to understand brain function is the most
important challenge of this century.

The final chapter of the book is dedi-
cated to quantum teleportation and
quantum computers. Despite extensive
coverage of some recent research pro-
jects in this area, quantum computers
are still in their infancy and can handle
(with difficulty) only a few bits.
Technological and physical impediments
are still keeping them from entering into
competition with their classical counter-
parts.

The great merit of this book is its
effort to link artificial intelligence based
on optical concepts with the brain, and
especially with visual intelligence and
mechanisms of vision. Mind at Light Speed
is a valuable and thought-provoking
book.

Daniela Dragoman (danieladragoman@yahoo.com),
Faculty of Physics, University of Bucharest,
Bucharest, Romania. 
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Polarised Light in
Science & Nature 

David Pye
Institute of Physics Publishing, 2001

ISBN 0750306734
136 pages, $24.99 (paperback)

REVIEWED BY AKHLESH LAKHTAKIA

Check out any Barnes & Noble book-
store and you will find that barely 0.1

percent of the shelf space is occupied by
books on science. Nature guides consti-
tute roughly half of this small percentage
and a good portion of the remainder are
books written by science journalists. If the
books in the latter category happen to
address physics, they will be more similar
to a volume penned by Sidney Sheldon
than to a classic written by, say, Nadine
Gordimer or Naguib Mahfouz. Popular
physics books produced by physicists are
not plentiful, and science books without
journalistic “enhancements” rarer still.
Happily, David Pye’s slim volume belongs
to that rarest category of books that fea-
ture an inviting description of physical
phenomena, simple demonstrations, lucid
explanations and a coherent story line.
Flashes of color are provided by the occa-
sional photograph.

The polarization of light, either by
reflection or by passage through birefrin-
gent materials, is a standard topic in
optics courses. The fact that we humans
cannot see polarization and must infer it
by experiment may be the reason for the
late discovery of polarization (in 1808 by
Malus1,2) as well as for the difficulties

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.

The author’s main goal is 
to show the tremendous
potential of light-based
machines such as optical
computers, optical neural
networks, optical Internet
systems and quantum 
computers.



June 2003 ■ Optics & Photonics News 55

IN MEMORY

I t is my sad duty to report the tragic
death of OSA Fellow Professor Pal

Greguss, as the result of a tragic acci-
dent, in his beloved Budapest. He was
82 years old and still very active in
research, art, music and the many other
fields he loved so well. Those who knew
him will want to join me in offering the
most sincere condolences to Edith, his
wife, secretary and constant compan-
ion, as well as to their children and
grandchildren.

I first came to know Pal through
holography, a field pioneered by Dennis
Gabor, a fellow Hungarian. Pal was the
first to make an acoustic hologram.
More recently, he had turned his 
attention to another of his inventions:
the NASA prize winning panoramic
annular lens (PAL). The PAL, the first 
360-degree lens to be both simple to
fabricate and capable of good imaging,
has proved valuable in several areas.
The invention of the acoustic 
hologram and the PAL are
probably the best-known
aspects of a remarkable
scientific career that
resulted in over 300
refereed papers,
20 patents and 
much, much more.

The measure of a
man is more than the
number of his published
papers and the prizes with
which he has been recog-
nized. It also includes his
impact on the rest of
humanity. A man who
suffered unspeakable
abuse under the Nazis and indignities
under the communists, Pal was a true
pioneer of the “reunification” of the
once-separated East and West scientific
blocs. If there was any bitterness in him,
I never saw it in over 35 years of close
friendship. He had mastered the
supreme art of letting go of the past in
order to embrace the future. I and

countless others are grateful for that as
well as for his enthusiasm and opti-

mism. I have learned that these
characteristics, which I first

saw in Dennis Gabor
and Pal, were common
among all the great
scientists and mathe-
maticians of the time
in Budapest, perhaps 
the most remarkable

such group our world
has ever seen.

Pal will be sorely
missed.

— H. John Caulfield 
Alabama A&M University

Research Institute
Normal, Ala.

Each December, Optics & Photonics News publishes
information about OSA members who have died during
the course of the year. To ensure that our memorial
information is as comprehensive as possible, we need
your help. Please write us at opn@osa.org should you
learn of the death of a friend or colleague active in
optics so that we may recognize them in the pages of
OPN. Please include a phone number where you may
be reached.

OSA Fellow Pal Greguss
A Reminiscence

Photo of Budapest, 
taken with a PAL lens.

Pal Greguss, the inventor of the acoustic
hologram.

experienced by many a student in an
optics course. In contrast, many insects,
fish and other animals can both detect
and analyze polarized light: their use of
polarization for camouflage, communica-
tion and navigation is the dominant
theme of the latter half of the book. The
growing emphasis that physicists and
engineers place on biology makes this
part of the book a particularly welcome
addition to the literature.

The only formula in this book is
chemical: the catalytic hydrolysis of
sucrose into glucose and fructose.
Although the absence of even simple
mathematical formulas in many popular
physics books usually leads to oversimpli-
fication, Pye’s deft descriptions and the
photogenic opulence of optical phenom-
ena ensure that physics is never short-
changed in this volume. Linear
polarization and reflection by specularly
smooth planar surfaces have, of course,
been introduced nonmathematically in
books for over a century and a half. Pye’s
genius is that, in the first half of the book,
he presents photoelasticity, crystal
anisotropy, natural optical activity,
Faraday rotation and the Kerr effect in the
same manner: with a profusion of illus-
trations and in straightforward language
without a surfeit of jargon.

The experiments Pye describes are of
the kitchen table variety, involving bottle
tops and glass lids, safety razors and
hacksaws.

All optics researchers should buy this
book for three reasons. First, it will evoke
nostalgia by reminding them of the awe
they felt when they first observed optics in
nature. Second, it is an ideal gift to steer
undergraduate and graduate students
toward the study of optics. Third, the
book will help you bond with your
favorite teenager by giving you an oppor-
tunity to spend quality time together per-
forming optical experiments—at a cost
significantly less than that of two movie
tickets, popcorn and soda.

Akhlesh Lakhtakia (axl4@psu.edu) is a professor at
Pennsylvania State University, University Park, Penn.
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