Chapter 23 Homework Problems
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. Three point charges are arranged as shown in Figure
P23.9. Find (a) the magnitude and (b) the direction of the
electric force on the particle at the origin.
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10. Two small metallic spheres, each of
mass m = 0.200 g, are suspended as |
pendulums by light strings of length L |
as shown in Figure P23.10. The spheres L Ir‘(j
are given the same electric charge of |
7.2 nC, and they come to equilibrium
when each string is at an angle of § =
5.00° with the vertical. How long are

the strings? Figure P23.10

m m

11. B8] Two small beads having positive charges ¢, = 3¢ and
g = qare fixed at the opposite ends of a horizontal insu-
lating rod of length d = 1.50 m. The bead with charge ¢,
is at the origin. As shown in Figure P23.11, a third small,
charged bead is free to slide on the rod. (a) At what posi-
tion x is the third bead in equilibrium? (b) Can the equi-
librium be stable?
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14. [EJ Review. Two identical particles, y

20.

space and separated by a distance §
d. A third particle with charge —0Q
is free to move and lies initially at
rest on the perpendicular bisector —Q
of the two fixed charges a distance <—x—;|/
xfrom the midpoint between those
charges (Fig. P23.14). (a) Show that
if x is small compared with d, the ‘F
*q

each having charge +g¢, are fixed in |)
*q
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motion of —Q is simple harmonic

along the perpendicular bisec-

tor. (b) Determine the period of Figure P23.14
that motion. (c) How fast will the

charge —0 be moving when it is at the midpoint between
the two fixed charges if initially it is released at a distance
a << dfrom the midpoint?

A small object of mass 3.80 g and charge —18.0 pC is sus-
pended motionless above the ground when immersed in a
uniform electric field perpendicular to the ground. What
are the magnitude and direction of the electric field?

M B Figure P23.21, 1.00 m
determine the point (other

than infinity) at which the = &
electric field is zero. —2.50 unC 6.00 nC



23. Three point charges are located on a circular arc as shown

in Figure P23.23. (a) What is the total electric field at P, the
center of the arc? (b) Find the electric force that would be

43. An electron and a proton are each placed at rest in a uni-

form electric field of magnitude 520 N/C. Calculate the
speed of each particle 48.0 ns after being released.
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exerted on a —5.00-nC point charge placed at P. 50. A small sphere of charge

¢; = 0.800 nC hangs from
the end of a spring as in

+3.00 nC

Figure P23.50a. When ==
another small sphere of =
charge ¢, = —0.600 pC @ -——-———- - —— g ——
is held beneath the first Q 3 d

sphereasinFigure P23.50b,
the spring stretches by d =
3.50 cm from its original

length and reaches a new 72
equilibrium position with a) b
a separation between the

25. [B Four charged particles are at charges of r = 5.00 cm. Figure P23.50

the corners of a square of side a
as shown in Figure P23.25. Deter-
mine (a) the electric field at the
location of charge ¢ and (b) the
total electric force exerted on ¢.

What is the force constant
of the spring?

67. Review. Two identical blocks resting on a frictionless, hori-
zontal surface are connected by a light spring having a
spring constant £ = 100 N/m and an unstretched length
L; = 0400 m as shown in Figure P23.67a. A charge Q is
slowly placed on each block, causing the spring to stretch
to an equilibrium length L. = 0.500 m as shown in Figure
P23.67b. Determine the value of Q, modeling the blocks as
charged particles.

@ IV A uniformly charged ring of radius 10.0 cm has a total
charge of 75.0 uC. Find the electric field on the axis of the
ring at (a) 1.00 cm, (b) 5.00 cm, (c) 30.0 cm, and (d) 100 cm
from the center of the ring.
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m A uniformly charged insulating rod
odsoniiioinn |

of length 14.0 cm is bent into the shape
of a semicircle as shown in Figure P23.35.
The rod has a total charge of —7.50 pC. °0 @
Find (a) the magnitude and (b) the direc-

tion of the electric field at O, the center of ‘
the semicircle. -
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