This is an example of a law that is now well established: the law of conservation
of electrie charge, which states that

the net amount of electric charge produced in any process is zero;
or, said another way,

no net electric charge can be created or destroyed.
If one object (or a region of space) acquires a positive charge, then an equal
amount of negative charge will be found in neighboring areas or objects. No
violations have ever been found, and this conservation law is as firmly established
as those for energy and momentum.

m Electric Charge in the Atom

Only within the past century has it become clear that an understanding of elec-
tricity originates inside the atom itself. In later Chapters we will discuss atomic
structure and the ideas that led to our present view of the atom in more detail.
But it will help our understanding of electricity if we discuss it briefly now.

A simplified model of an atom shows it as having a tiny but heavy, posi-
tively charged nucleus surrounded by one or more negatively charged electrons
(Fig. 16-3). The nucleus contains protons, which are positively charged, and
neutrons, which have no net electric charge. All protons and all electrons have
exactly the same magnitude of electric charge; but their signs are opposite. Hence
neutral atoms, having no net charge, contain equal numbers of protons and electrons.
Sometimes, an atom may lose one or more of its electrons, or may gain extra elec-
trons, in which case it will have a net positive or negative charge and is called an ion,

In solid materials the nuclei tend to remain close to fixed positions, whereas
some of the electrons may move quite freely. When an object is neutral, it
contains equal amounts of positive and negative charge. The charging of a solid
object by rubbing can be explained by the transfer of electrons from one object
to the other. When a plastic ruler becomes negatively charged by rubbing with a
paper towel, the transfer of electrons from the towel to the plastic leaves the
towel with a positive charge equal in magnitude to the negative charge acquired
by the plastic. In liquids and gases, nuclei or ions can move as well as electrons.

Normally when objects are charged by rubbing, they hold their charge only
for a limited time and eventually return to the neutral state. Where does the
charge go? Usually the charge “leaks off” onto water molecules in the air. This
is because water molecules are polar—that is, even though they are neutral,
their charge is not distributed uniformly, Fig. 16—4. Thus the extra electrons on,
say, a charged plastic ruler can “leak off” into the air because they are attracted
to the positive end of water molecules. A positively charged object, on the other
hand, can be neutralized by transfer of loosely held electrons from water mole-
cules in the air. On dry days, static electricity is much more noticeable since the
air contains fewer water molecules to allow leakage. On humid or rainy days, it
is difficult to make any object hold a net charge for long.
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FIGURE 16-3 Simple model of
the atom.
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FIGURE 16-4 Diagram of a water
molecule. Because it has opposite
charges on different ends, it is called
a “polar” molecule.
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Suppose we have two metal spheres, one highly charged and the other electri-
cally neutral (Fig. 16-5a). If we now place a metal object, such as a nail, so that
it touches both spheres (Fig. 16-5b), the previously uncharged sphere quickly
becomes charged. If, instead. we had connected the two spheres by a wooden
rod or a piece of rubber (Fig. 16—5c¢), the uncharged ball would not become
noticeably charged. Matenals like the iron nail are said to be conductors of  Conduciors and insulators
electricity, whereas wood and rubber are nonconductors or insulators,
Charged Neutral ‘._WL Wood FIGURE 16-5 (a) A charged metal sphere and a
e u" ” z +m’ neutral metal sphere. (b) The two spheres connected by
1 : v I I a conductor (a metal nail), which conducts charge from
& - - - one sphere to the other. (¢) The two spheres connected
(a) (b) (c) by an insulator (wood); almost no charge is conducted.
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