FIGURE 16-13 Principle of
Coulomb’s apparatus. It is similar to
Cavendish’s, which was used for the
gravitational force. When an
external charged sphere is placed
close to the charged one on

the suspended bar. the bar rotates
slightly. The suspending fiber resists
the twisting motion, and the angle of
twist is proportional to the force
applied. With this apparatus,
Coulomb investigated how the elec-
tric force varies as a function of the
magnitude of the charges and of the
distance between them.

COULOMB’S LAW |

Force direction

FIGURE 16-14 Coulomb’s law,
Eq. 16-1, gives the [orce between
two point charges. O and ;. a
distance r apart.

m Coulomb’s Law

We have seen that an electric charge exerts a force of attraction or repulsion on
other electric charges. What factors affect the magnitude of this force? To
find an answer, the French physicist Charles Coulomb (1736-1806) investigated
electric forces in the 1780s using a torsion balance (Fig. 16-13) much like that
used by Cavendish for his studies of the gravitational force (Chapter 5).

Precise instruments for the measurement of electric charge were not avail-
able in Coulomb’s time. Nonetheless, Coulomb was able to prepare small
spheres with different magnitudes of charge in which the ratio of the charges
was known.” Although he had some difficulty with induced charges, Coulomb
was able to argue that the force one tiny charged object exerted on a second
tiny charged object is directly proportional to the charge on each of them. That
is, if the charge on either one of the objects was doubled, the force was doubled;
and if the charge on both of the objects was doubled, the force increased to four
times the original value. This was the case when the distance between the two
charges remained the same. If the distance between them was allowed to
increase, he found that the force decreased with the square of the distance
between them. That is, if the distance was doubled, the force fell to one-fourth
of its original value. Thus, Coulomb concluded, the force one small charged
object exerts on a second one is proportional to the product of the magnitude of
the charge on one, Q,, times the magnitude of the charge on the other, O,
and inversely proportional to the square of the distance » between them
(Fig. 16—14). As an equation, we can write Coulomb’s law as
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where k is a proportionality constant.’

Coulomb’s law, Eq. 161, gives the magnitude of the electric force that either
object exerts on the other. The direction of the electric force is always along the
line joining the two objects. 1f the two charges have the same sign, the force on
either object is directed away from the other (they repel each other). If the two
charges have opposite signs, the force on one is directed toward the other (they
attract). See Fig. 16-15. Notice that the force one charge exerts on the second is
equal but opposite to that exerted by the second on the first, in accord with

(o] - Newton’s third law.
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‘Coulomb reasoned that if a charged conducting sphere is placed in contact with an identical
uncharged sphere, the charge on the first would be shared equally by the two of them because of
symmetry. He thus had a way to produce charges equal to 3, 7, and so on, of the original charge.
“The validity of Coulomb's law today rests on precision measurements that are much more sophis-
ticated than Coulomb’s original experiment. The exponent, 2, in Coulomb's law has been shown to
be accurate to | part in 10'" [that is, 2 + (1 x 107'%]],
FIGURE 16-15 Direction of the force depends on Fs=force on | Fap =force on 2
whether the charges have the same sign as in (a) and (b). due to 2 ducto 1

or opposite signs (c).
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