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This tenth volume of the series initiated by
Rudolf Kingslake in 1965 carries on admira-
bly the tradition of high caliber periodic
updating of the state of the art in optics and
optical engineering. The eight chapters are
all written by recognized experts in their
respective subjects. Although the chapters
differ widely in subject matter and in depth
of treatment, all are well written, easy to
understand, and contain a wealth of valuable
information. The index is adequate, the book
is sturdy, and the many figures are clearly
reproduced.

In the first chapter on "Thin -Film Optical
Coatings," H. A. Macleod begins by briefly
summarizing the historical development of
the technology, the various techniques used
in vacuum deposition, methods and appara-
tus used in process monitoring, and tech-
niques for testing the finished product. The
balance of the work deals in modest detail
with the theory of coating design, effects of
design and manufacturing variations on per-
formance, and effects of the environment
and manner of use. There are 135 references
cited to facilitate further study.

"Dimensional Stability of Materials Use-
ful in Optical Engineering," by S. F. Jacobs,
is the subject of the second chapter. The
author describes ultraprecise differential
instrumentation developed over a period of
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years to measure the extremely small varia-
tions with temperature of dimensions of low -
expansion materials. Measurements reported
include effects of temperature cycling on
Zerodur, Invar, and fused silica; thermal
expansion homogeneity of Heraeus -Amersil
TO8E fused quartz; and expansivity of Schott
Duran, Ohara E6, Zerodur, Invar, and
Super -Invar. The advantage of the latter
material over conventional Invar is limited
to a small temperature range. In the conclu-
sion of the chapter, Jacobs indicates the
advantages and disadvantages of the differ-
ential measurement technique and lists some
follow -on experiments that should prove
useful to the community.

In Chap. 3, W. B. Wetherell gives the
most complete discussion of "Afocal Lenses"
this reviewer has ever seen. Not only are
classical telescopes of Galilean and Kepler -
ian forms discussed in detail, but also the
afocal relay system, binoculars, periscopes,
range finders, afocal devices used for deviat-
ing a beam, reflecting afocal systems, axicons,
zoom attachments, anamorphic attachments,
atmospheric dispersion compensators, finite
conjugate afocal relays, alignment telescopes,
and Fourier transform lenses! A wealth of
diagrams (54) clarify function of the devices,
while equations are used appropriately to
relate parameters and to define first -order
characteristics. The two appendixes are
especially noteworthy; the first is a two -page
discussion of the earliest history of the tele-
scope, identifying the key participants in the
nebulous "invention" of the device, while the
second is a list of some 130 patents dealing
specifically or generally with afocal systems.
While certainly not exhaustive, the list does
provide a valuable source of further infor-
mation as well as insight into the historical
development of the technology. The list of
references, while surprisingly short (39) for a
treatise of this length, does include major
pertinent works.

Chapter 4 is a graphic "Catalog of Zer-
nike Polynomials" prepared by C. -J. Kim
and R. R. Shannon. The values of the Zer-
nike set in describing aberrations and the
effects of disturbances such as atmospheric
turbulence and surface/ alignment defects
are first explained. The mathematical basis
for the technique is then summarized briefly.

The balance of the chapter is a library of
computer -generated figures showing, for each
of the first 37 terms, (a) wavefront error con-
tour map, (b) isometric plot of the wavefront
error, (c) isometric plot of the point- spread
function, and (d) isometric plot of the modu-
lation transfer function. A constant 0.1 wave
rms value is assigned to each aberration. The
presentation is intended to help interpreta-
tion of sources of errors in actual optical
systems. This reviewer can appreciate the
potential usefulness of the method and hopes
the authors (or others) will report selected
analyses and/ or experiments to illustrate its
application in specific detail for the benefit
of the community.

In Chap. 5, R. E. Parks addresses "Tradi-
tional Optical Fabrication Methods" with
the intent to bridge communications gaps
between designers, engineers, and opticians
and thus help avoid pitfalls resulting from
inadequate appreciation of how and why
optics are made and tested the way they are.
Parks divides his discussion into two basic
parts, dealing first with making one of a kind
(called "one off ") followed by consideration
of the changes in processes when larger
quantities are involved. After explaining the
merit of using catalog optics in certain appli-
cations, Parks provides very useful guide-
lines for ordering raw material. He stresses
the importance of early involvement of those
who later will fabricate the parts. Methods
and equipment used in rough shaping,
generating, loose abrasive lapping, polishing
and figuring, centering, edging, cleaning,
and inspection are summarized. The discus-
sion of quantity production methods includes
use of pressings, multipart blocking, and
control of fabrication processes. The author
acknowledges that much has been left out of
this brief (26 -page) chapter. Indeed, hardly
anything is said about processing flatwork
such as prisms. This reviewer regrets that
Parks did not expand his coverage to give the
reader greater benefit of his personal expe-
rience in the practical aspects of producing
high quality optics.

The longest chapter in this volume is by
G. M. Sanger and deals with "The Precision
Machining of Optics." Based on material
generated by many individuals (acknowl-
edged at the end of the chapter) in connec-
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tion with an SPIE- sponsored "Advanced
Institute on Diamond Turning, " this detailed
and authoritative work discusses basic
machine types; techniques for shaping var-
ious types of components; machine control
techniques; cutting tools; postmachining
polishing, testing and cladding; vibration
control and utilities; and "current status,
applications, and trends." With 77 figures, 7
tables, 96 references, and a clearly written
text, this treatise should become a landmark
reference in the field.

M. P. Chrisp describes the design and use
of reflective surface relief gratings and their
in -plane mounts in Chap. 7, "Aberration -
Corrected Holographic Gratings and their
Mountings." Basic aberration theory and its
historical development, grating and mount-
ing designs (classical and newer types), tech-
niques for accomplishing those designs,
systems involving holographic gratings and
other optical elements, and the types of aber-
rations that have been corrected by holo-
graphic gratings are covered. The treatment
is comprehensive and includes numerous
(109) references. It is highly recommended
reading for novice and expert alike.

New techniques for accomplishing holo-
graphic interferometry in real time and at a
high sampling rate are described in the final
chapter, "Basic Electronic Speckle Pattern
Interferometry, " by O. J. Lykberg and G. A.
Slettemoen. In this work, the principles of
the ESPI technique are established and
related to basic holographic interferometry.
The manner in which fringes are formed is
then derived and explained in terms of basic
apparatus setups. Modes of operation and
applications are described and illustrated.
The chapter closes with a status report on the
development of the technique (as of 1983)
and a survey of its positive and negative fea-
tures. There are 90 references, many of which
deal with industrial applications in analyzing
transient phenomena such as vibration anal-
ysis of moving parts, detection of defects in
components, detection of strain in moving
structures, and biomedical research.

On the whole, it is believed that this
volume will make a worthy addition to the
libraries of all optical scientists and engineers.

The Measurement of Appearance,
Second Edition
Richard S. Hunter and Richard W. Harold,
xvi + 411 pp., illus., index, bibliography,
glossary, appendix. ISBN 0- 471 -83006 -2.
John Wiley & Sons, Inc., 605 Third Avenue,
New York, NY 10158 (1987) $65.00 hard-
bound.

Reviewed by David L. MacAdam, The Insti-
tute of Optics, University of Rochester,
Rochester, NY 14627.

Written by a pioneer of the subject, this
book's purpose is to explain the attributes of

appearance of objects and methods available
for measuring them. It is intended as a text-
book and as a reference source. The book
fulfills its primary purpose. It discusses all,
and perhaps more than most readers might
want to read, about appearance and propos-
als for measuring it. The primary premise is
that object appearance involves not only
color but also such attributes of appearance
as gloss, luster, and translucency.

The first six chapters (94 pages) are clear,
thorough, and well organized. They are con-
cerned with (I) the physical characteristics of
light sources that influence the appearance
of objects and need to be specified and con-
trolled for measurement of appearance and
(2) the physical properties of objects that
control the interactions of light with objects,
which are related to their appearance and
need be considered in its measurement.

The character of the book changes at
Chap. 7, where it becomes less well orga-
nized and is marred by incomplete, mislead-
ing, and even erroneous information. What
follows is an analysis of some of the points in
the discussion of color and color differences
that this reviewer found to be inaccurate.

On p. 96, consistent determinations of the
luminosity curve are said to be made by (1)
whole- spectrum heterochromatic brightness
comparisons, (2) the "cascade" method of
comparison of small wavelength differences,
in progression through the spectrum, and (3)
flicker photometry, in which perception of
differences of colors is prevented by moder-
ately rapid alternation of different wave-
lengths. In practice widely different results
are obtained with these three methods, no
pair of which agree. Those inconsistencies
cause problems of current practical impor-
tance in lamp design and evaluation and in
illuminating engineering.

Perhaps of less practical importance, but
nevertheless fundamental, is the erroneous
caption for Fig. 7.2 on p. 98. The filter pri-
maries used by J. Guild cannot be specified
by single wavelengths. Single -wavelength
primaries would produce pairs of color -
matching curves that are precisely zero at
those wavelengths, for all observers. Such
curves are shown in Fig. 7.3 for the results
obtained by W. D. Wright, who did use
single -wavelength primaries. The curves
obtained by Guild, shown in Fig. 7.2, cross
the zero axis at various wavelengths in the
ranges from 459 to 464, 530 to 543, and 605
to 629 nm. That is evidence that Guild did
not use primaries that can be identified with
the wavelengths shown in the caption of Fig.
7.2.

Figure 7.9 on p. 110 does not, as stated in
lines 4 -6, show "how chromaticities of objects
move with a shift from Illuminant C to
Illuminant A." The caption of the figure
states correctly the significance of the shifts.

Neither of the methods indicated on p.
111 is adequate or recommended by the CIE
(Commission Internationale de l'Eclairage),
or any authority, for simulating color con-
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stancy. The multiplying constants mentioned
in line 22 are mentioned nowhere else. The
description on p. 104 of the selected- ordinate
method is for that reason incomplete. (The
paragraph that follows it is also incomplete:
the selected -ordinate method has been used
for on -line tristimulus integrators, where it
obviated need for multiplication or intricate
mechanism. Errors resulting from random
spectrophotometric errors are minimized by
use of the selected -ordinate method.) Finally,
use of dominant wavelength and purity was
never proposed by anyone except Hunter
and Harold, on p. I11, for simulating chro-
matic adaptation or color constancy. It is
not suitable for either purpose. Use of the
von Kries coefficient law for such purposes,
which has been recommended for trial by the
CIE, is nowhere mentioned in this book.

The ellipses in Fig. 8.5 (p. 128) were
obtained by transformation of circles drawn
in Fig. 8.4. Like those in Fig. 8.5, from which
they were derived, the ellipses in Fig. 8.9 (p.
132) would represent uniform chromaticity
spacing only if Fig. 8.4 were a perfectly uni-
form chromaticity diagram. When the nearly
equivalent diagram shown in comparison
with it in Fig. 8.6 was recommended in 1960
by the CIE, it was merely described as "more
nearly uniform than the x,y diagram." In
1976, the CIE replaced that diagram by one
with the vertical v (blue -to- yellow) axis
expanded 50 %. Therefore, the ellipses in Fig.
8.5, which correspond to circles in the dia-
gram that was never accepted as uniform and
that has been abandoned by the CIE, and the
ellipses in Fig. 8.9, which were derived from
those in Fig. 8.5, cannot represent just -per-
ceptible (uniform) differences, as incorrectly
stated in the caption of Fig. 8.9.

Lines 13 -15 on p. 136 incorrectly state
that the Munsell renotation system is based
on visual bisections of differences between
colors. Newhall et al. [J. Opt. Soc. Am. 33,
385 -418 (1943)] reported that the judges
drew arrows from the measured x,y chro-
maticities of actual Munsell colors to chro-
maticities that they thought revised colors
should have in order to exhibit more accu-
rately the chromas and hues designated by
the original notations.

In the 4th line from the bottom of p. 138,
the multipliers mentioned were used with
sets of equal numbers of selected ordinates.
Those are the multipliers mentioned pre-
viously on p. 1 I 1 without explanation and
omitted entirely on p. 104.

Use of a cube -root approximation for
Munsell value was published three years
before Fig. 8.16 (p. 144). In Proc. IRE 43
(Sept. 1955), J. H. Ladd and J. E. Pinney
reported that the standard deviation of the
best cube -root formula was 0.029, whereas it
could be reduced to 0.018 by use of the expo-
nent 0.352.

Adoption of the simplified version of the
Adams -Nickerson space, mentioned on p.
143, was suggested "in the interest of uni-
formity" as a replacement for all other for-
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mulas. In 1974, after agreement in favor of
the L *a *b* formula at the 1973 preparatory
meeting of the CIE committee, the L *u *v
formula was injected. At the 1975 CIE Con-
gress, both formulas were included in a sin-
gle resolution. Only thus, on the coattails of
general support for the L *a *b* formula, was
the very different L *u *v* formula recom-
mended. Adoption of two formulas, even if
"of similar merit" (p. 144), cannot be "in the
interest of uniformity." Subsequent amend-
ments and additions, described in pp.
145 -148, make the final resolution (with its
two formulas) far more complicated than the
FMC2 formula, which is not shown any-
where in this book. Complication was the
most serious objection ever made to the
FMC2 formula. Simplicity and apparent
general support for the L *a *b* formula in
1973 led MacAdam to hope that agreement
could be reached on it. Only on that basis did
he withdraw the FMC2 formula. Since not
one but two formulas were recommended by
the CIE, MacAdam feels no obligation to
support them or to abandon the FMC2
formula, the note on p. 177 of this book
notwithstanding.

On p. 153, lines 6 -8 state, incorrectly, that
the observer "was asked to determine the
point at which one [color] became visually
different from the other." In fact, the observer
changed the color of one half until he judged
that it matched the other. A perfect match
was possible. The standard deviation of 30
attempts to match was taken as one radius of
the ellipse. The apparatus was changed to
alter the direction of possible variation of
chromaticity before each set of 30 matches.
Six to ten different directions of change, and
thus pairs of opposite radii, were used to
determine each ellipse. Contrary to line 3,
the observer made about 25,000 color
matches, not "observations of color differ-
ences." Contrary to lines 16 -17, the ellipses
do not represent the way the observer "spaced
just -perceptible color differences." Each
radius is 10 times the standard deviation of
matching, or about 3 times the just- notice-
able difference.

The observer did not space just- percepti-
ble differences from the centers, as stated in
the caption of Fig. 8.17 on p. 154. The
observer made 30 attempts to match the
color of each center, in each of 6 to 10 series
of trials, during each of which possible varia-
tions were limited to one direction from the
center. The directions were different for the
different series of 30 matches.

The word "distortion" in the caption of
Fig. 9.3 on p. 177 is incorrect. Nothing was
distorted. The points correctly show the
standard deviations of color matchings. The
circle fits them. The coordinate system is
drawn in a well -defined way that utilizes Fig.
9.2 and two other similar figures, which are
necessary but omitted from this book.

Figure 9.5 on p. 188 shows only the
results of the first of 17 sets of color match -
ings. It shows the greatest differences found

in those 17 sets. Comparable, but much less
different, ellipses obtained in the last (17th)
set of matchings were published in the same
paper as this figure.

In these and many other ways, the history
of development of methods for measuring
color and color differences presented in this
book is inaccurate, incomplete, and biased.

After 143 discursive pages about evalua-
tion of color and color differences, the book
finishes with six better chapters on instru-
ments, methods, and examples of applica-
tions of measurements of appearance. A
19 -page Appendix includes seven tables. The
9 -page Bibliography, which is combined
quite effectively with an Author Index, con-
tains very few references from the last decade.
The 11-page Glossary/ Subject Index is quite
complete and useful. The book is well
designed and printed. It contains very few
typographic errors.

The Measurement of Appearance, Second
Edition is unique. It can be quite useful to a
patient and discerning reader. Although it is
idiosyncratic and sometimes inaccurate or
biased, it contains much material that can-
not be found elsewhere. It is like an enormous
mosaic, in which scattered flaws, although
serious, may be noticed by only a wary
observer.
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photochemical mechanisms that can give
rise to spectral hole formation in electronic
or vibrational mode absorptions of mole-
cules, ions, and color centers in low- tempera-
ture organic and inorganic solids.
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derivation and implementation.
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