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FIGURE 16-6 A neutral metal rod
in (a) will acquire a positive charge
if placed in contact (b) with a
positively charged metal object.
{Electrons move as shown by the
orange arrow.) This is called
charging by conduction.

FIGURE 16-8 Inducing a charge
on an object connected to ground.
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Metals are generally good conductors, whereas most other malterials are
insulators (although even insulators conduct electricity very slightly). Nearly all
natural materials fall into one or the other of these two quite distinct categories.
However, a few materials (notably silicon and germanium) fall into an
intermediate category known as semiconductors.

From the atomic point of view, the electrons in an insulating material are
bound very tightly to the nuclei. In a good conductor, on the other hand, some
of the electrons are bound very loosely and can move about freely within the
material (although they cannot leave the object easily) and are often referred to
as free elecirons or conduction electrons. When a positively charged object is
brought close to or touches a conductor, the free electrons in the conductor are
attracted by this positively charged object and move quickly toward it. On the
other hand, the free electrons move swiftly away from a negatively charged
object that is brought close. In a semiconductor, there are many fewer free elec-
trons, and in an insulator, almost none.

Induced Charge; the Electroscope

Suppose a positively charged metal object is brought close to an uncharged
metal object. If the two touch, the free electrons in the neutral one are attracted
to the positively charged object and some will pass over to it, Fig. 16-6. Since
the second object, originally neutral, is now missing some of ils negative electrons,
it will have a net positive charge. This process is called “charging by conduction,”
or “by contact,” and the two objects end up with the same sign of charge.

Now suppose a positively charged object is brought close Lo a neutral metal
rod, but does not touch it. Although the free electrons of the metal rod do not leave
the rod. they still move within the metal toward the external positive charge,
leaving a positive charge at the opposite end of the rod (Fig. 16-7). A charge is said to
have been induced at the two ends of the metal rod. No net charge has been created
in the rod: charges have merely been separated. The net charge on the metal rod
is still zero. However, if the metal is broken into two pieces, we would have
two charged objects: one charged positively and one charged negatively.
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(b) Metal rod still neutral. t-lul
with a separation of charge

Another way to induce a net charge on a metal object is to first connect it
with a conducting wire to the ground (or a conducting pipe leading into the
ground) as shown in Fig. 16-8a (the symbol < means connected to “ground™).
The object is then said to be “grounded”™ or “earthed.” The Earth, because it is
so large and can conduct, easily accepts or gives up electrons; hence it acts like
a reservoir for charge. If a charged object—say negative this time—is brought
up close to the metal object, free electrons in the metal are repelled and many
of them move down the wire into the Earth, Fig. 16-8b. This leaves the metal
positively charged. If the wire is now cut, the metal object will have a
positive induced charge on it (Fig. 16-8c). If the wire were cut after the negative
object is moved away, the electrons would all have moved back into the metal
object and it would be neutral.
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