Charge separation can also be done in nonconductors, If you bring a posi-
tively charged object close to a neutral nonconductor as shown in Fig. 16-9,
almost no electrons can move about freely within the nonconductor, But they can
move slightly within their own atoms and molecules. Each oval in Fig. 16-9 repre-
sents a molecule (not to scale); the negatively charged electrons, attracted to the
external positive charge, tend to move in its direction within their molecules.
Because the negative charges in the nonconductor are nearer to the external
positive charge, the nonconductor as a whole is attracted to the external positive
charge (see the Chapter-opening photo, p. 439).
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FIGURE 16-9 A charged object
brought near an insulator causes a
charge separation within the insu-

lator’s molecules. FIGURE 16-10 Electroscope.

An electroscope is a device that can be used for detecting charge. As shown
in Fig. 1610, inside of a case are two movable metal leaves, often made of gold.
(Sometimes only one leaf is movable.) The leaves are connected by a conductor
to a metal knob on the outside of the case, but are insulated from the case itself.
If a positively charged object is brought close to the knob, a separation of charge
is induced: electrons are attracted up into the knob, leaving the leaves positively
charged, Fig. 16-11a. The two leaves repel each other as shown, because they are
both positively charged. Tf, instead, the knob is charged by conduction, the whole
apparatus acquires a net charge as shown in Fig, 16-11b. In either case, the
greater the amount of charge, the greater the separation of the leaves.

Note that you cannot tell the sign of the charge in this way, since negative
charge will cause the leaves to separate just as much as an equal amount of
positive charge; in either case, the two leaves repel each other. An electroscope
can, however, be used to determine the sign of the charge if it is first charged by
conduction, say, negatively, as in Fig. 16-12a, Now if a negative object is brought
close, as in Fig. 16-12b, more electrons are induced to move down into the
leaves and they separate further, If a positive charge is brought close instead,
the electrons are induced to flow upward, leaving the leaves less negative and
their separation is reduced, Fig. 16—12c.

The electroscope was much used in the early studies of electricity. The same
principle, aided by some electronics, is used in much more sensitive modern
electrometers.
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FIGURE 16-11 Electroscope
charged (a) by induction, (b) by
conduction.
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FIGURE 16-12 A previously charged
electroscope can be used to determine the
sign of a charged object.
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