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Preface

The infrared region of the electromagnetic spectrum is generally defined
as those wavelengths lying between the visible and microwave regions. Its
importance arises from the fact that every material object emits, absorbs,
transmits, and reflects infrared radiation in a characteristic manner. This
has a twofold implication. First, from a study of the intensity and wave-
length distribution of the radiation which has arisen from or interacted with
an object, information concerning the object may be obtained. This
information may be used, for example, to distinguish a body from its
surroundings or to identify an unknown material. Second, the radiation is
of itself important. The manner in which it interacts with a material may
be used to change the characteristics of that material. Or again, it may be
employed as a medium for conveying information from point to point.

Although the existence of infrared radiation was realized well over a
century ago, only in the last two decades have applications been widespread.
The field of infrared technology, the use of infrared radiation for military
and commercial purposes, may be considered to have originated in World
War II. Since then interest has increased greatly to the point where
infrared technology has become of major military importance. Although
the commercial applications have not seen such explosive growth, they
have nevertheless increased steadily in recent years.

At the time the manuscript for this book was prepared, little organized
information related to infrared technology was available. The existing
literature treated selected topics in this area, but did not provide an
integrated presentation of the entire subject. This work is an endeavor
to fulfill this need.
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viii PREFACE

Broadly speaking, the field of infrared technology can be subdivided
into four main categories. The first deals with the nature of infrared
radiation. Examples of topics in this area are the spectral and angular
distribution of radiation emitted from heated bodies; the reflection, refrac-
tion, absorption, diffraction, and scattering of radiation by media; and the
several photoelectric effects. The second major category is comprised of
infrared components and materials including sources, window materials,
and detectors.

The integration of infrared components into systems constitutes the
third major category. These include optical, electronic, and cooling
systems. Applications, both commercial and military, make up the fourth
and final category. This book treats the first two categories. The last two
are left to a companion volume now in preparation.*

It is our intent in this volume to provide a discussion useful to two
different groups of readers. One of these groups is composed of senior or
first-year graduate students having an academic interest in the subject.
The other group consists of scientists and engineers in both commercial and
military laboratories who are engaged in the development of infrared com-
ponents and the evaluation of materials and components for use in infrared
applications. Accordingly, for the sake of logical completeness, we have
included some material which can be found in books treating subjects other
than infrared technology. Inclusion of this material will allow the reader
to understand the principles underlying the behavior of infrared compon-
ents while relying on a minimum number of assumptions. As examples
of this, we have included a mathematical discussion showing the relation-
ships between the optical constants and more basic parameters; we have
developed expressions describing the attenuation of radiation by the
atmosphere; and we have treated the interactions between radiation and
charged particles leading to such phenomena as dispersion and free carrier
absorption. In addition, we have included some material as a matter of
convenience for those working in the field of infrared technology. Thus
we have included a chapter on the physics of semiconductors to enable the
designer of infrared detectors and optical components to make predictions
concerning the behavior of new materials; we have treated fluctuation
phenomena to clarify the nature of those effects which set a fundamental
limit to the performance of detectors and the electronic components of
electrical systems; and we have included sections describing the measured
characteristics of detectors and optical materials.

It is a pleasure to acknowledge the encouragement and cooperation
given us by Minneapolis-Honeywell. We were greatly aided by the diligence
and care of Mrs. L. Lehr, who often deciphered illegible script and

* Elements of Infrared Technology: Systems and Applications.
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transformed it into well-organized manuscript. We are also indebted to
John F. Ready for his painstaking review of the entire work and his
numerous helpful comments. Mrs. E. L. Swedberg and Mrs. R. T. Squier
provided valuable assistance in mathematical computations and the prep-
aration of figures. We should like to acknowledge the helpful comments
of Dr. W. N. Arnquist, Dr. S. S. Ballard, Dr. C. Hilsum, and Dr. J. N.
Howard, and the cooperation of Dr. D. E. Bode, Dr. P. H. Cholet,
Dr. M. Garbuny, Dr. R. M. Langer, Dr. H. Levinstein, Mr. G. McDaniel,
and Dr. R. H. McFee. Finally any acknowledgment would be incomplete
without mention of our wives, whose constant encouragement and long
hours of proofreading contributed greatly to the manuscript.

PauL W. KRUSE
LAURENCE D. McGLAUCHLIN
RicuMOND B. McQUISTAN

Honeywell Research Centre
October 1961
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Definition and history

1.1 DEFINITION

The electromagnetic spectrum is the continuum consisting of the ordered
arrangement of radiation according to wavelength, frequency, or photon
energy. It has been established experimentally that the electromagnetic
spectrum includes waves of every length from an extremely small fraction
of a millimeter to many kilometers. There is no single source or detection
mechanism that is useful over the entire electromagnetic spectrum, and as a
result the spectrum has been separated into rather loosely defined spectral
regions. The bases for these broad subdivisions have generally been in
accordance with the various means of generating, isolating, and detecting
the radiations involved.

Although all electromagnetic radiation when absorbed by matter
produces heat, radiation in a certain spectral region, namely, the infrared
region, can be more readily detected by the heat it produces. In addition,
it turns out that heated bodies provide excellent sources of this type of
radiation; thus infrared radiation is sometimes referred to as thermal
radiation. The further subdivision of the infrared into near, intermediate
and far (depending upon the “distance” from the visible region) has also
met with some acceptance.

Another definition of infrared radiation is: it is that portion of the
electromagnetic spectrum lying between the visible and microwave regions,
that is, the wavelengths between 7.5 x 10~ mm and approximately 1 mm.
These limits can be expressed in various forms involving wavelength,
frequency, photon energy, or wave number. In terms of commonly used
units, the limits are given in Table 1.1.
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