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CHAPTER 1

INTRODUCTION
TO ELECTRO-OPTICS

Ronald W. Waynant and Marwood N. Ediger

1.1 INTRODUCTION

The field of electro-optics has become increasingly more important in the last 20
years as its prodigies and applications have found their way into most facets of
science, industry, and domestic use. This near-revolution, which essentially started
with the advent of the laser, has been the result of extensive parallel and often
symbiotic development of sources, materials, and microelectronics. The combi-
nation of these technologies has enabled a great variety of compact devices with
ever greater intelligence and performance. If source development was instrumental
in initiating the field, materials and detectors were the binding elements. Vast
improvements in optical materials have made fiber optics feasible and the availa-
bility of high-quality, affordable fibers has, in turn, made optical circuits and a
variety of optical sensors possible. Refinement and development of new materials
have resulted in an astonishing variety of devices to modulate, polarize, frequency-
shift, and otherwise control coherent radiation. In turn, detectors have achieved
greater performance and smaller size and cost.

This handbook attempts to cover a broad spectral bandwidth—from x-rays to
far infrared. A primary motivation in extending the short-wavelength limit of the
source spectrum, and the handbook’s coverage of it, is the demand for higher
resolving powers in materials and device fabrication applications as well as medical
and biological imaging. Figure 1.1 depicts the size of objects of interest in the
biological, materials science, and electronics worlds, and the wavelength necessary
to resolve them as prescribed by the Rayleigh criterion. The infrared boundaries
of the spectrum are also continually being strained by sources, materials, and
detectors in the development of a variety of applications such as imaging, optical
diagnostics, and spectroscopy.

Each chapter of this handbook falls into one of four categories: sources, ma-
terials, and their properties (e.g., nonlinear optics), detectors, and applications.
In the remainder of this chapter we present some simple overlying principles of
each category and a topical map to aid the reader in finding the desired information.

11



1.2 CHAPTER ONE
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FIGURE 1.1 Relation of object size and resolving wavelength.

1.2 TYPES OF LIGHT SOURCES

Chapter 2 takes a detailed look at incoherent sources, and Chaps. 3 through 8 are
devoted to the numerous laser sources grouped in part by media and in part by
wavelength. Ultrashort pulse lasers and techniques are covered in Chap. 9.

Although the activity in the field of electro-optics has often been mirrored by
events in laser development, incoherent sources still have an important role. Lasers
are much newer and more space is devoted to them in the chapters to follow;
however, the inescapable fact is that lamps currently have a much greater effect
on our everyday lives than do lasers. With hundreds of millions of plasma discharge
lamps and billions of incandescent light bulbs in constant use on a worldwide basis,
power expenditure on lighting alone approaches the Terawatt level. Even the 22
percent or lower efficiency of most lamps still exceeds that of most lasers.

Arc lamps are characterized by high currents (several amperes) and high pres-
sures (atmospheres) with ballast resistors used to prevent complete runaway. The
lamps can be exceedingly bright. Examples include high-pressure (3 to 10 atmo-



