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PREFACE TO THE SECOND EDITION

The present edition represents an improved and augmented form of the first edition.
Certain parts of the text and some figures have been remade and improved. The content
has been augmented by adding three appendices devoted to the Special and General
Theory of Relativity in connection with the Theory of the Electromagnetic field, based on
several works including published contributions of the author.

The author should like to gratefully thank Dr. Phys. Jacques CURÉLY, from the
Université Bordeaux 1 (France), for the attention paid to the review of the new form and
content of the book, and in particular to the added parts.

Bra�ov, on the 22nd of July, 2009.
Andrei NICOLAIDE

PREFACE TO THE FIRST EDITION

In the present work the physical fundamentals of electromagnetic phenomena are
studied having in view their technical applications.

The book contains the general theory of the electromagnetic field necessary for the
study of the principal applications in the following domains: Electrostatics,
Electrokinetics, Electrodynamics and Magnetostatics.

The general theory contains the introduction (i.e., the definition) of fundamental
concepts among which: field and substance, electric charge, electric current, state
quantities of electric and magnetic fields, as well as the study of laws and energy of the
electromagnetic field.

The general theory is presented in four chapters. Further, three appendices are added.
For practical applications, the consideration of electromagnetic phenomena at a

macroscopic scale is of special interest. However, in many applications, it is necessary to
know the phenomena at a microscopic scale.

At the same time, it is useful to have in view that the physical model is, in many cases,
relatively simple in the case of a microscopic study. For this reason, in this work, the
following procedure has been used: The various quantities and phenomena have been first
examined at a microscopic scale, and then, by calculating the average values, the passage
to macroscopic quantities describing the phenomena has been accomplished.

Concerning the presentation of the general laws, there are, in principle, two
possibilities:

a. The introduction of these laws directly, as a generalization of experimental facts;
b. The derivation of these laws starting from the Coulomb law and the Special Theory

of Relativity. The Special Theory of Relativity has been used because it permits the
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derivation of the equations of the theory of electromagnetic field starting from a small
number of general equations.
Appendix 3, which contains the main formulae of the Special Theory of Relativity,

and the derivation of certain relations between forces, given by the author, facilitates to
follow the calculations of Chapters 2 and 3.

Also, some relatively recent considerations on the theory of relativity have been
mentioned in Introduction.

The text has been elaborated so that all references to the special theory of relativity
may be omitted; however, in this case, the number of basic general equations that are not
derived from more general relations is greater.

The study of the mentioned domains, namely Electrostatics, Electrokinetics,
Electrodynamics, Magnetostatics, can be carried out by using the general laws of
electromagnetic field for these various cases. Certain important problems concerning the
mentioned domains are analysed in the present work.

A more detailed study of the mentioned domains can be found in several works
devoted to these subjects, including the works of the author, mentioned in Bibliography.

The system of units used in this work is the International System of Units (SI) and all
formulae are written in this rationalized system.

This work differs to some extent from many other usual textbooks and works by the
attention paid to certain subjects like the passage from the microscopic theory to the
macroscopic one, the way of using the Special Theory of Relativity, and the simplicity of
the presentation.

Certain parts of this work, especially those related to the Theory of Relativity,
represent the content of the lectures of an extra-course given by the author at the
Université Bordeaux 1 (France) in the summer semester of 2001.

The author thanks especially Doctors of Physics: Jean-Claude GIANDUZZO, Head of
the Centre of Electrical and Electronic Resources, and Jacques CURÉLY, both from the
Université Bordeaux 1 (France), for their support for the presentation of these lectures
and for their valuable comments.

At the same time, the author wishes to thank Professor Florin Teodor T�N�SESCU,
from the Polytechnica University of Bucharest, secretary general of the Academy of
Technical Sciences in Romania, for his valuable support and suggestions.

Further, the author wishes to thank Professor Dan BIDIAN, from the Transilvania

University of Bra�ov, for having read the manuscript and for his useful comments.

The present work is devoted to the students in Electrical Engineering and Computers
and also to all those interested in an introduction in Electromagnetics.

Finally, the author should like to gratefully thank Dr. Phys. Jacques CURÉLY, from the
Université Bordeaux 1, for the attention paid to the review of the manuscript and for his
valuable comments and suggestions.

Andrei NICOLAIDE
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A linear current density, also called linear current sheet (p. 72).
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A – vector potential in the reference frame K in motion relatively to the

reference frame K  (p. 153).
oA , 1A – vector potentials in the reference frames oK  and 1K  (p. 268).

B magnetic induction, also called magnetic flux density (p. 41, 108-110);
magnetic induction in any reference frame K  (p. 151, 152).

B – magnetic induction in any reference frame K  in motion relatively to the
reference frame K  (p. 152, 153).

ji MB intrinsic magnetic induction (p. 78).

21, nn BB
normal components at two points, very near, situated on both sides of the
separation surface of two media, in the same reference frame (p. 160).

PoB – magnetic induction at point P  in the reference frame oK  (p. 114).

21, BB – vector quantities at two points, very near, situated on both sides of the
separation surface of two media, in the same reference frame (p. 160).

c – velocity of light in empty space, i.e., in vacuo (p. 102).
qC – curve with an electric charge distribution (p. 48).
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vd – volume element (p. 48).

od v , 1d v – volume element in the reference frame oK  and 1K , respectively, (p.103).
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electric induction (p. 123), in any reference frame K  (p. 152).
D – electric displacement in any reference frame K  in motion relatively to

the reference frame K  (p. 152).
21, nn DD normal components at two points, very near, situated on both sides of the

separation surface of two media, in the same reference frame (p. 156, 157).
oD – electric displacement in the reference frame oK  (p. 108).

21, DD – vector quantities at two points, very near, situated on both sides of the
separation surface of two media, in the same reference frame (p. 156).

e electric charge of electron in absolute value (p. 38).
e – electromotive tension or electromotive force (p. 55).
E electric field strength, also called electric field intensity (p. 53);

electric field strength, macroscopic value (p. 50);
electric field strength in any reference frame K  (p. 151, 153).

E – electric field strength in any reference frame K  in motion relatively to
the reference frame K  (p. 151, 153).

cE Coulombian component of the electric field strength (p. 53).
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oE electric field strength at a point at rest in the reference frame oK
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component) (p. 53).
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