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Preface

The underlying philosophy of this third edition of Laser Electronics is the same as in the
previous two; lasers are very simple devices and are far simpler than the very complicated
high frequency RF or microwave transistor circuits. The main purpose of the book is to
convince the student of this fact. In one sense, lasers are a simple movement of the decimal
point on the frequency scale three to five places to the right, but much of the terminology
and all of the insight developed by the earlier pioneers of radio have been translated to the
optical domain,

The potential of the many applications of lasers and optical phenomena has necessi-
tated the formation of a new word to describe the field: protonics. One would be hard pressed
to define all of its ramifications since new ideas, devices, and applications are frequently
being added. In a very loose sort of way, the early history of radio is being repeated in the
optical frequency domain, and this is a theme that will be employed throughout the book.
Although both have a common basis in electromagnetic theory, there are special phenomena
peculiar to the optical wavelengths.

For instance, a wave intensity of 10°-10'® watts/m? would have been incomprehensi-
ble in 1960, but is now attainable with rather common lasers and comparatively cheap optics.
Similarly, a 50 femtoseconds (50 x 10~'3 s) pulse requires more frequency bandwidth for
transmission than that which was installed in all of the telecommunications networks of
1960. Yet such a pulse is rather common with optical techniques.

The ability to generate such short pulses and transmit them over significant dis-
tances (many hundreds of kilometers) by using low loss fibers and erbium-doped fiber
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amplifiers (EDFA) was a major impetus for the revisions incorporated into this third
edition.

Chapter 4 has been changed to emphasize some of the more sophisticated aspects of
guided wave propagation, such as dispersion in fibers, solitons, and perturbation theory. By
necessity, the chapter is an introduction intended to encourage further investigation. While
those are important topics for a communication system, they may be too involved for a first
course in lasers. Thus, the entire chapter can be skipped if the focus of the course is on the
generation portion of photonics.

Chapter 9 has been rewritten and reorganized to emphasize the dynamics of the laser:
the approach to CW oscillation, Q switching, and various aspects of mode locking. The
latter has been greatly expanded, but, even so, there are important topics not included.

Various additions have been included in Chapter 10 on specific laser systems. The
example of a semiconductor laser pumping a YAG system was carried through in some
detail so as to emphasize the application of the theoretical tools developed in the previous
chapters and to indicate a significant application of the semiconductor laser. The erbium
doped fiber amplifier (EDFA) is also discussed here, and a fairly long-winded simplified
“problem” {with answers) is given to emphasize some of the unique considerations of the
topic and to encourage further investigation of the literature. The multiplicity of levels of the
EDFA serves as an introduction to gain/absorption between bands and to tunable vibronic
lasers such as alexandrite, Ti:sapphire, and dye lasers.

Much of the expansion in photonics is being led by the improvements in the semicon-
ductor laser, which has become the dominant laser for communication and control. Its use
as a pump for the fiber amplifiers and solid-state lasers has also become most important.
Chapter 11 has been expanded somewhat but is still intended to be an introduction to a
course devoted entirely to that laser. '

Most students have a fair grasp of the beauty and elegance of electromagnetic theory
but have the mistaken view that the word photon somehow weakens its applicability. That
is unfortunate. The lowest power laser generates literally billions of photons per second,
and thus the classical field description of it is quite adequate. Even when the photon flux
becomes small—say 10 to 100 s~!, the classical field description will handle the practical
cases. Many of the advances in semiconductor lasers, in particular, can be traced to classical
electromagnetic theory of guidance of the modes by the heterostructures., Chapter 12 is
included to introduce the student to some of the more advanced topics, possibly to be
studied in a second course.

Chapters 13 and 14 are aimed at the student who wants a gradual transition to a
quantum theory of the laser while the simple theory is fresh. Chapter 14 is an attempt to
provide a bridge between the simple rate equation description of a laser and the more formal
quantum theory using the density matrix. The two approaches agree, precisely, for the case
of a CW two-level system, but the former is much easier and more akin to the student’s
background. The latter will handle the transient cases, scattering, two-photon phenomena,
etc., at the expense of considerably more mathematics. The serious student should become
aware of the transition between the two approaches, have confidence in both, and be aware
of the pitfalls and limitations, again in a second course. One of the main conclusions is that
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a stmple rate equation of laser phenomena is quite adequate and accurate most of the time.
A few cases that do not follow this rule are included.

Many more problems are included in this third edition with the primary purpose of
convincing the student of the transparent simplicity of the rate equation approach. Rate
equations are no more difficult than coupled circuit equations (or the differential equation
describing the student’s finances): There is always a source (a salary) and a loss (expenses)
that may or may not be in steady state equilibrium.
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