FIGURE 16-32 The Earth’s
gravitational field, which at any
point is directed toward the Earth’s
center (the force on any mass points
toward the Earth’s center).
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FIGURE 16-33 A charge inside a
neutral spherical metal shell induces
charge on its surfaces. The electric
field exists even bevond the shell
but not within the conductor itself.

FIGURE 16-34 If the electric
field E at the surface of a conductor
had a component parallel to the
surface, ]T:‘ . the latter would accel-
eriale electrons into motion. In the
static case, E | must be zero, and the
electric field must be perpendicular
to the conductor’s surface: E = E .
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We summarize the properties of field lines as follows:

1. Electric field lines indicate the direction of the electric field: the field points
in the direction tangent to the field line at any point.

2. The lines are drawn so that the magnitude of the electric field, E, is propor-
tional to the number of lines crossing unit area perpendicular to the lines.
The closer together the lines, the stronger the field.

3. Electric field lines start on positive charges and end on negative charges: and
the number starting or ending is proportional to the magnitude of the charge.

Also note that field lines never cross. Why not? Because it would not make
sense for the electric field to have two directions at the same point.

Gravitational Field

The field concept can also be applied to the gravitational force. Thus we
can say that a gravitational field exists for every object that has mass. One
object attracts another by means of the gravitational ficld. The Earth, for
example, can be said to possess a gravitational field (Fig. 16-32) which is
responsible for the gravitational force on objects. The gravitational field is
defined as the force per unit mass. The magnitude of the Earth’s gravitational
ficld at any point above the Earth’s surface is thus (GM./r’), where My is the
mass of the Earth, r is the distance of the point from the Earth’s center, and G is
the gravitational constant (Chapter 5). At the Earth’s surface, r is the radius of
the Earth and the gravitational field is equal to g, the acceleration due to gravity.
Beyond the Earth, the gravitational ficld can be calculated at any point as a sum
of terms due to Earth, Sun, Moon, and other bodies that contribute significantly.

m Electric Fields and Conductors

We now discuss some properties of conductors. First, the electric field inside a
conductor is zero in the siatic sitwation—that is, when the charges are at rest. If
there were an electric field within a conductor, there would be a force on the
free electrons. The electrons would move until they reached positions where the
electric field, and therefore the electric force on them, did become zero.

This reasoning has some interesting consequences. For ane, anyv net charge
on a conductor distributes itself on the surface. For a negatively charged
conductor, you can imagine that the negative charges repel one another and
race to the surface to get as far from one another as possible. Another conse-
quence is the following. Suppose that a positive charge Q is surrounded by an
isolated uncharged metal conductor whose shape is a spherical shell, Fig. 16-33.
Because there can be no field within the metal, the lines leaving the central positive
charge must end on negative charges on the inner surface of the metal. Thus an
equal amount of negative charge, —¢, is induced on the inner surface of the
spherical shell. Then, since the shell is neutral, a positive charge of the same
magnitude, +(J, must exist on the outer surface of the shell. Thus, although no
field exists in the metal itself, an electric field exists outside of it, as shown in
Fig. 16-33, as if the metal were not even there.

A related property of static electric fields and conductors is that the electric

field is alwavs perpendicular to the surface outside of a conductor, If there

were a component of E parallel to the surface (Fig. 16-34), it would exert a force
on free electrons at the surface, causing the electrons to move along the surface
until they reached positions where no net force was exerted on them parallel to
the surface—that is, until the electric field was perpendicular to the surface.

These properties apply only to conductors. Inside a nonconductor, which
does not have free electrons, a static electric field can exist as we will see in the next
Chapter. Also, the electric field outside a nonconductor does not necessarily
make an angle of 90° to the surface.

CHAPTER 16 Electric Charge and Electric Field



