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Preface

-

It might be said justifiably that the curriculum offered in most elec-
trical engineering departments has changed a good deal during the last
five or ten years. In our own department, for example, there has been an _
increasing emphasis on the teaching of fundamental concepts rather than
more specialized subjects. This is true particularly of the first four years
of our five-year undergraduate curriculum, the fifth year being reserved
for the discussion of the specialized areas. Running parullel with this tend-
ency there has been an increasing emphasis on 8 sound background in
physies and mathematics.

Another aspect of the changes in the curriculum involves the increas-
ing importance of the science of materials, which has led to & number of
new devices used in present-day electrical engineering, and which will
probably become even more important in the future. In our own depart-
ment this has resulted in a gradual filtering-down of subjects such as elec-
tron physics and “molecular engineering” from the graduate level to the
undergraduate level. Thus, a few years ago an elective course in the fifth
year of the undergraduate program was introduced in which the operation
of solid state devices is discussed along the lines of A. van der Ziel's
book Solid State Physical Electronics (Prentice-Hall, Inc., 1957).

More recently, the faculty of our department decided to go one step
further in this direction by offering a new course to be taken by all elec-
trical engineering students in their fourth year. The course was to run for
only one quarter, at least to begin with, and its purpose was to introduce
the students to the physical interpretation of the dielectric, magnetic, and
conductive properties of materials without entering into the actual appli-
cations. This book is a2 modest attempt to provide material for a course
of this kind. It is limited in scope, but the subjects discussed would seem
particularly suitable for a course aimed at giving the students some idea
of the methods and models employed in the study of materials of interest
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vi Preface

to the electrical engineer. Also, I balieve; that it is more userul for a student
to have absorbed a certain amount of knowledge about a limited number
of subjects than to have been exposed to a great variety in a hurry.

Since most undergraduate electrical engineers have no working knowl-
edge of wave mechanics, no attempt has been made to introduce quantum
mechanical concepts, except in a passing manner. This may disappoint
some of my colleazues, who will point out that one can introduce wave
mechanics by qualitative argofments. However, I am not convinced that
the students will benefit greacly from such arguments at this level unless
they have acquired a certaln degree of maturity in handling classical prob-
lems. Thus, the models used in this book are essentially classical or semi-
classical. T feel that the lack of rigor implied by these models is outweighed
by their usefulness in providing the student with a reasonable amount of
insight into the physical mechanisms which underlie the properties of mate-
rials. I have also found that these models provide good exercise for the
student, to which he ean apply his knowledge of elementary field theory.

Although it ia not necessary to adhere to the order in which the subjects
are discussed in this book, it would seem desirable to have dielectries pre-
cede magnetics; on the other hand, one may well discuss all or part of the
last three chapters on conduction in metals and semiconductors before one
deals with dielectric and magnetic properties.

A list of general references is given at the beginning of this book,
whereas references to specialized topics can be found at the end of each
chapter. In general, I have limited the references to representative books
or review articles, A set of problems has been given at the end of each
chapter. In a number of cases these problems are intended to supplement
the text. I have refrained from giving many problems which merely
require application of the slide rule. However, a number of numerical
problems have been included to give the student a feeling for the
order of magnitude of the quantities which enter into the discussion.
Answers to the problems are provided at the end of the book; a table
of frequently occurring physical constants may be found at the
beginning. Throughout this book, the mks system of units has been used.

I wish to express my appreciation to Dr. W. G. Shepherd for his
encouragement before and during the preparation of the manuscript, and
to Dr. K. M. van Vliet for valuable discussions and for reading a large
part of the manuseript.

A. J. DEERXER
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Approximate Values of Physical Constants

Avogadro's number 6.0254 X 10% per gram molecule
Boltzmann’s constant, k 1.380 X 10~ joule degree™
Electric conversion

factor, « 8.834 X 10" farad meter™
Electronic charge, e —~1.601 X 10~* coulomb
Electron rest mass, m 9.107 X 10 * kilogram
Loschmidt’s number 2.687 X 10 meter
Magnetic conversion

factor, o 4x X 107 = 1.257 X 10~* henry meter™
Planck’s constant, b 6.624 X 10~ joule second
Proton rest mass 1.672 X 10~7 kilogram
Velocity of light, ¢ 2.998 X 10® meter second™!

1 Bohr Magneton,
B = eh/4xm 9.27 X 10~* ampere meter’
1 Debye unit 3.33 %X 10~ coulomb meter



