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Chapter 21 — Electric Charge

Class Problems

*2 Identical isolated conducting spheres 1 and 2 have equal
charges and are separated by a distance that is large compared with
their diameters (Fig. 21-21a). The electrostatic force acting on
sphere 2 due to sphere 1 is F. Suppose now that a third identical
sphere 3, having an insulating handle and initially neutral, is
touched first to sphere 1 (Fig.21-21b), then to sphere 2 (Fig. 21-21¢),
and finally removed (Fig. 21-21d). The electrostatic force that now
acts on sphere 2 has magnitude F'. What is the ratio F'/F?
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Fig.21-21 Problem 2.

6 ILW Two equally charged particles are held 3.2 X 1073 m
apart and then released from rest. The initial acceleration of the
first particle is observed to be 7.0 m/s? and that of the second to
be 9.0 m/s?. If the mass of the first particle is 6.3 X 1077 kg, what
are (a) the mass of the second particle and (b) the magnitude of
the charge of each particle?

*7 In Fig. 21-22, three charged particles lie on an x axis. Particles
1 and 2 are fixed in place. Particle 3 is free to move, but the net
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electrostatic force on it from parti-
cles 1 and 2 happens to be zero. If
L3 = L5, what is the ratio q/q,?
*17 In Fig. 21-27a, particles 1 and 2 .A\

have charge 20.0 uC each and are I'T

held at separation distance d = 1.50 \‘/

m. (a) What is the magnitude of the d ;\
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electrostatic force on particle 1 due
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to particle 27 In Fig. 21-27h, particle 3 a

of charge 20.0 uC is positioned so as

to complete an equilateral triangle, (@)
(b) What is the magnitude .of the net Fig. 21-27 Problem 17.
electrostatic force on particle 1 due

to particles 2 and 37

b)

+»21 A nonconducting spherical shell, with an inner radius of 4.0
cm and an outer radius of 6.0 cm. has charge spread nonuniformly
through its volume between its inner and outer surfaces. The vol-
ume charge density p is the charge per unit volume, with the unit
coulomb per cubic meter. For this shell p = b/r, where ris the distance
in meters from the center of the shell and b = 3.0 uC/m? What is the
net charge in the shell?

*25 1w  How many electrons would have to be removed from a
coin to leave it with a charge of +1.0 X 1077 C?

42 In Fig. 21-38, two tiny conducting
balls of identical mass m and identical
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charge ¢ hang from nonconducting éle
[
[
|

threads of length L. Assume that #1s so
small that tan ¢ can be replaced by its
approximate equal, sin 6. (a) Show that
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gives the equilibrium separation x of
the balls. (b) If L =120 cm, m = 10 g, ¢ g
= is lgl?
and x = 5.0 cm, what is lgl? . |
23“ (;})Pl?xtzlﬂln4;'hfat hapfptins t_o Ctlhe Fig. 21-38
alls ol Froblem 2211 one ot them 1s dis- Problems 42 and 43.

charged (loses its charge g to, say, the
ground). (b) Find the new equilibrium separation x, using the given
values of L and m and the computed value of Igl.

Homework #1

Due on 9/9/15 (Byblos) and 9/10/15 (Beirut)

«13 @ In Fig.21-25, particle 1 of charge +1.0 C and particle 2
of charge —3.0 uC are held at separa-

tion L = 10.0 cm on an x axis. If particle 7

3 of unknown charge g5 is to be located Jl 2 .
such that the net electrostatic force on |
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it from particles 1 and 2 is zero. what

must be the (a) x and (b) y coordinates Fig. 21-25 Problems
of particle 37 13.19,30,58, and 67.

*27 ssm  The magnitude of the electrostatic force between two
identical ions that are separated by a distance of 5.0 X 107¥'m is
3.7 % 1077 N. (a) What is the charge of each ion? (b) How many
electrons are “missing” from each ion (thus giving the ion its
charge imbalance)?

38 @ Figure 21-36 shows four A o B o c o
identical conducting spheres that are

actually well separated_ from one an- o

other. Sphere W (with an initial

charge of zero) is touched to sphere Fig. 21-36 Problem 38.
A and then they are separated. Next, sphere W is touched to sphere

B (with an initial charge of —32¢) and then they are separated.

Finally, sphere W is touched to sphere C (with an initial charge of

+48¢), and then they are separated. The final charge on sphere W is

+18e. What was the initial charge on sphere A?

55 Of the charge () on a tiny sphere, a fraction « is to be trans-
ferred to a second. nearby sphere. The spheres can be treated as
particles. (a) What value of a maximizes the magnitude F of the
electrostatic force between the two spheres? What are the (b)
smaller and (c) larger values of « that put /' at half the maximum
magnitude?




