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Preface

THE PURPOSE AND EMPHASIS of this completely revised second edition
remain the same: to provide a clear and readable Introduction to Classical
and Modern Optics. Its level is intermediate, for advanced undergraduates
and for a course spanning two semesters or the equivalent.

I have made the text as self-contained as practical, set out the mo-
tivation for each step, and avoided shortcuts of the it-can-be-shown-that
type. Also, I have used extensive cross-references within the text to make
it useful as a reference tool, after formal classwork has ended.

Compared with the first edition, there are numerous major changes.
I have adopted the rational, Cartesian sign convention. This convention,
long used in ophthalmic optics but until recently somewhat slighted in
physics, is essential for the concept of vergence and is mandatory in any
lens design. This dual connection identifies the two groups of readers to
which this Introduction to Optics is addressed in particular: those interested
in the scientific and engineering applications of optics and those preparing
for the ophthalmic professions. '

Another useful innovation is that virtually every chapter on geometric
optics opens with the same triplet combination of lenses. Each time, the
light progresses a little further, showing the logic in the sequence of topics:
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from the propagation of light, to refraction, to aberrations, to the design of
complex systems.

Likewise, every chapter on physical optics has been rewritten, most
extensively the chapters on interference, diffraction, diffraction gratings,
radiometry, absorption, and lasers. The theory of the Fabry—Perot inter-
ferometer, light scattering, and atomic spectra are derived step by step.
Clerk Maxwell’s equations and Fresnel’s equations, discussed in detail, are
now placed together in one chapter. Electron optics has been deleted.

As before, ample space has been allocated to classical topics such as
thin lenses, aberrations, lens systems, and polarization. But modern sub-
jects, such as the use of matrix methods in lens design, catadioptric sys-
tems, gradient-index lenses, fiber waveguides, integrated optics, multi-
layer antireflection coatings, Fourier transform spectroscopy, transfer
functions, optical data processing, holography, and of course lasers and
laser safety, are also presented in reasonable detail. Radiometry and pho-
tometry are discussed in the most recently adopted terminology. Relativ-
istic optics, likely to play an important part in celestial navigation, is fun
to read, aside from its utilitarian aspect.

As a prerequisite, all that is needed is a good background in general
physics and a working knowledge of how to use a hand-held calculator
(preferably including inverse trigonometric and exponential functions). A
concurrent course in calculus is desirable though not essential.

Numerous worked-out examples, from penumbras to relativistic
reflection, are interspersed throughout the text. Problems, ranging from
easy to difficult, are found at the end of each chapter, following the
Suggestions for Further Reading. Most of the examples and problems are
new. All have been use-tested and modified where needed. (Answers to the
odd-numbered problems are found in the back of the book.) None of the
problems is intended as “busy work™; all are realistic and apply to prac-
tical situations; some, in fact, were drawn from consulting work I do from
time to time. Lecture demonstrations are referred to on occasion. A great
many historical footnotes have been included to reveal the human side of
optics’. great masters, adding color to the description of their accom-
plishments. (For the statistical-minded, there are 28 chapters, 368 illustra-
tions, 197 examples, 510 problems, 134 historical footnotes, and 148
Suggestions for Further Reading, not counting the references.)

1 have enjoyed writing this new edition. It took hundreds of hours of
lecturing. It also took the patience of a great many individuals, question-
ing, challenging, attentive, and at times not so attentive, for me to discover
—often by trial and error—how to get a concept across. How do I best
present the idea of principal planes, the use of Cornu’s spiral, the Poincaré
sphere, the theory of stimulated emission? How do I present the fantasti-
cally wide field of optics at a reasonable level and within a reasonable
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length of time? There is no final answer, just steps of successive im-
provement.
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Introduction

I BEGIN THIS INTRODUCTION TO OPTICS by presenting right away a
complex practical problem. Look at Figure 0-1. This is a combination of
lenses, a lens system, containing a positive lens in front (on the left), a
negative lens behind it, and another positive lens in the back (on the right).
These lenses have certain surface characteristics, they have certain thick-
nesses, and they are certain distances apart. Probably, they are made out
of different types of glass. By choosing these parameters correctly, we can
obtain a system of superior performance. In fact, the system shown is the
basis for some of the best, and best known, photographic camera lenses.

Y

Figure 0-1 Example of optical system used for introducing various aspects of
geometric optics.
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How does the systern work? Why are the lenses of the type shown
preferable to other lenses? Why is this system superior to other systems?
These are questions that we are not yet ready to answer. We will use this
system as an example and a guide to introduce many of the concepts of
optics.

More specifically, we will use this model to introduce geometric
optics. Geometric optics is that part of optics where the wave nature of
light can be neglected. Physical optics is more inclusive. In fact, image
formation can be fully understood only by considering wave optics and by
considering optical transformations. This is a very modern concept, funda-
mental to optical data processing, pattern recognition, and holography. In
quantum optics we discuss spectra, absorption, and the ubiquitous laser.
Relativistic optics points to the future.

Some phenomena in optics are easy to see. Others are very subtle.
Tonight. look at a street lamp through the fabric of an open umbrella. You

Figure 0-2 Artist’s conception of a star. Stained-glass window in St. John's
Church, Herford, Germany, fourteenth centruy.
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will see light fans, extending in various directions. These are due to
diffraction.

Or look at a fairly bright star (without the umbrella). You may see
faint light fans that seem to come right out of the star. In reality, they do
not; the effect is due to your eye. Ordinarily, the pupil of the eye is
perfectly round and no such fans are seen. But under certain conditions,
the circumference of the pupil has a few straight segments and these cause
the fans. And so, in the art of all ages, stars have traditionally been
represented as objects with a multitude of points. However, a star with an
odd number of points, as shown in Figure 0-2, is wave-optically impos-
sible because the light fans must, by necessity, always cccur in pairs.

This brief introduction to some areas of optics may have shown you
that optics is a field of science that is lucid, logical, challenging, and
beautiful. Most of our appreciation of the outside world—nature, art—
comes to us through light. We will now proceed to discuss its many aspecis
in the way I have outlined.
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