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This textbook is intended for the introductory course in electromag-
netic fields for students of engineering. The text is divided into five parts,
covering vector analysis, electrostatics, magnetostatics, Faraday’s Law
and material characteristics, and Maxwell’s Equations. Wherever possible,
the approach is to appeal to the student’s physical intuition, and to this
end a large number of illustrations is provided. Special features include
a chapter on computer solution of electrostatic problems, emphasizing
matrix inversion methods, and one on the characteristics of dielectric and
magnetic materials. The text contains more than enough material for a
one semester course. Numerous problems are given at the end of each
chapter, with the more difficult problems indicated by a dagger.

After a survey of the applications of electromagnetic theory, Part I
presents the vector concepts of curl, divergence, and gradient in terms of
the limiting integral definitions which yield useful physical insights.
Physical pictures, such as the divergence meter and the curl meter, are
emphasized. Appendix D is a useful adjunct to this chapter, introducing
a shorthand notation which leads to the generalized divergence theorem
and the generalized Stokes’ Law.

In Part IT the basic laws of electrostatics are derived by inductive
logic rather than by the usual approach of starting with Coulomb’s Law.
Thus the curl and divergence properties of the electrostatic field, rather
than the inverse-square behavior of charges, are emphasized. The discus-
sion of dielectrics emphasizes the drift of bound charges, which results in
polarization. Perhaps more emphasis than usual is placed upon the paral-
lel role of the bound, free, and total charge sources. In the discussion of
approximate methods the emphasis is on the matrix inversion techniques
for electrostatic problems. Examples are given and computer programs
for the examples are provided in Appendix E. The problems and examples
in this chapter might offer material for term projects.

After introducing the theory of magnetism, Part ITT further unifies the
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concepts of vector analysis by introducing Helmholtz’s Theorem, and
emphasizes that in electrostatics and magnetostatics we have really been
studying the general properties of curlfree and divergenceless vector
fields, respectively.

Faraday’s experiments are described in abbreviated form, in Part IV,
leading up to a statement of Faraday’s Law. Some of the effects of mo-
tion are discussed in terms of a new electric field E” measured by a mov-
ing observer. Voltage is redefined in terms of E’ and numerous examples
are given. A descriptive account of the characteristics of dielectric and
magnetic materials is given.

In Part V the subject of Maxwell’s equations is approached from sev-
eral points of view, thereby providing complete justification for the
second curl equation.

The author wishes to acknowledge the assistance and advice of a num-
ber of persons. The ideas and encouragement of Wilbur R. LePage were
especially important in the crucial early stages of the writing. My wife,
Judy, provided encouragement and also proofread the entire manuseript.
Several colleagues, including Richard McFee, Rajendra Nanavati, Philipp
Kornreich, Stephen Kowel, Robert Wallenberg, and Joseph Mautz, re-
viewed portions of the manuscript, and Joseph Mautz, Daniel Warren,
and Andrew Farrar wrote the computer programs for Appendix E. Finally,
I am grateful to the secretaries who typed the many versions of the text.

ArrLoN T. Apams
Syracuse, New York
August, 1971



VECTOR IDENTITIES

A x (Bx C) = B(A-C) — C(A-B)
V(o) = ¢Vy + ¢yVé

V-(YA) = VY-A + Y(V-A)

VX (YA) = VY XA+ ¢V XA)
v-(Ax B) = B:(VXA)—A-(Vx B)
V- (VXA) =0

VX (VV)=0
VXVXA=V(V-A)— VA

THE GENERALIZED DIVERGENCE THEOREM
AND THE GENERALIZED STOKES' LAW
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[[ axv) @Fis= farer

Divergence Theorem: / [ / V:-Fdv = # F-nds

Stokes Law: [[ Vv x F-nds = ¢ Fdl




GAUSS’ LAW
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