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The subject of the design of lenses has
interested many physicists and mathe-
maticians over the years. Lens design has
evolved from the "black-art" stage of the
pre-computer days to what now appears
on the surface to be a "mathematical ex-
ercise" using a computer. Success in lens
design, however, is not found through
magic or mathematics alone, but is de-
veloped through an appreciation by a
specialist of the limitations and possibil-
ities for the application of a few simple
principles that can be explicitly evaluated
only through extensive numerical com-
putation.

Rudolf Kingslake's Lens Design Fun-
damentals stands as the best text on the
subject of classical lens design. Classical
lens design here is defined as the exercise
of determining and predicting the aber-
ration correction that may be attained in
a lens through the examination and un-
derstanding of the limited set of aberra-
tion coefficients that may be easily com-
puted on each surface of the lens system.
Today, the use of high-speed computers
permits the exploration of hundreds of
possible variations of a lens type within
the brief span of a few minutes. The lens
designer then serves in the role of an ob-
server, entering the design process to
suggest a change in the direction of the
program. No method has yet been de-
veloped that completely eliminates this
human intervention, and it is no accident
that the designer who comprehends the
principles of design enumerated in this
book is likely to be the more successful
designer. In short, a solution cannot be
found if it just is not there.

This book is a "how to do it" text in the
sense that Kingslake describes several
examples of lenses from the point of view
of aberration correction. The specialist
will learn much of value from these ex-
amples, while the novice will gain an ap-
preciation for the reason that lens types
take on the form that they do.

Kingslake begins with a general dis-

Passage of rays at various field angles through a typical lens is shown in the above illustration from
Rudolf Kingslake's Lens Design Fundamentals, reviewed here. Kingslake discusses in detail the
interpretation of aberration plots, which describe the aberration correction of the lens. The lens
designer generates these plots from numerical values obtained from ray tracing.

cussion of the design process, and devel-
ops several formulae and techniques for
tracing rays and setting up the first-order,
or paraxial, characteristics of lens sys-
tems. A minor complaint is that he has
chosen to retain a traditional "back-
wards" sign convention for ray angles that
is the opposite of standard geometrical
convention. This choice is unfortunate,
as it makes integration of the formulae
and techniques into other optical-analysis
programs somewhat more difficult and
subject to possible errors.

The discussion of the source of aber-
rations and their correction on a surface-
by-surface or element-by-element ap-
proach is excellent and informative. Al-
though most modern lens design uses a
high-speed computer to vary all parame-
ters simultaneously, the principles dis-
cussed in this book will be useful in un-
derstanding why many of the computer-
derived solutions tend to look the way
they do. The discussion of the aberra-
tions in terms of ray-intercept curves has
long been a standard for comparing types
of lenses used by the specialist in optical
design. The discussion of the topic here
will help to make this description more
widely understood and help in commu-
nication.

This book is directed toward the spe-
cialist. The generalist may feel that the

approaches of classical lens-design
methods described here are more empir-
ical than would seem to be appropriate for
such an old field. If anyone spends a little
time studying this book, however, he will
learn that the process of lens design is not,
and likely never will be, subject to com-
plete automation. This book summarizes
many years of experience in the subject,
and will likely be the last word on the
subject of optical design for several
years.

Robert R. Shannon is a professor at the Opti-
cal Sciences Center of the University of Ari-
zona and is a specialist in optical design and
engineering.
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The field of physical metallurgy is, by
now, a fairly mature one, not only in terms
of the sophistication of much of the re-
search in the field, but also because many
facets and techniques of physical metal-
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