
CHAPTER 1

STATIC FIELDS AND SOURCES

This chapter is a brief review of the basic laws governing static electric
and magnetic fields. The defining relations between static fields and their
sources are examined. Definitions and units of measurements for electric
and magnetic field strength, flux, flux density, and force are summarized.
For a more comprehensive study of static electric and magnetic fields, refer
to any elementary text on electromagnetics such as Ramo, Whinnery, and
Van Duzer [1]; Kraus and Carver [2]; Plonsey and Collin [3]; or Paul and
Nasar [4].

1.1 POINT CHARGE—COULOMB'S LAW

Charles Augustin de Coulomb (1736-1806) was a French physicist, inventor
and army engineer. He made many fundamental contributions in the fields
of friction, electricity and magnetism, including the formulation of Coulomb's
law. The unit for electric charge was named in his honor.l

The source of the static electric field is stationary charge. The simplest
source is a point charge Q as shown in Fig. 1.1. If a unit positive test charge
q is placed in the vicinity of Q, a force F is exerted on the test charge which
is given by Coulomb's law as

' Much of the biographical data in Chapters 1 and 2 is from the World Book Encyclopedia, Free
Enterprises Educational Corp., Chicago, 1973.
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Figure 1.1 Radial electric field from a point charge.

where F force in newtons, N
Q charge in coulombs, C
q unit positive test charge, one coulomb
e = erso permittivity of the medium, farads/meter (F/m)
£r relative permittivity (or dielectric constant) of the medium
£o permittivity of free space, 8.854 x 10" l 2 farads/meter
R distance between charges in meters (m)
aR unit vector in the radial direction.

By definition, the electric field strength E is
F

E == — newtons per coulomb (N/C). (1.2)
q

For a point charge then,

E = ra/j volts per meter (V/m). (1.3)

In the International System of Units (SI), the units of volts per meter and
newtons per coulomb are equivalent.

Note that the radial electric field from a point charge falls off as I/ /?2 .

1.2 ELECTRIC FLUX DENSITY AND GAUSS'S LAW

Karl Friedrich Gauss (1777-1855) was a German mathematician. Often re-
ferred to as the Prince of Mathematics, he is considered one of the greatest
mathematicians of all time, ranked with Archimedes and Newton. A child
prodigy, he became famous for his work in number theory, geometry, astron-
omy, and for important contributions to the mathematical theory of electro-
magnetism. His inventions include the bifilar magnetometer and the electric
telegraph.




