PEP 2017
Assignment 10

21.67 -« CP Two positive point charges Q are held fixed on the
x-axis at x = a and x = —a. A third positive point charge ¢, with
mass m, is placed on the x-axis away from the origin at a coordi-
nate x such that |x| << a. The charge g, which is free to move
along the x-axis, is then released. (a) Find the frequency of oscilla-
tion of the charge ¢g. (Hint: Review the definition of simple har-
monic motion in Section 14.2. Use the binomial expansion
(1 +z2)"=1+4nz+n(n—1)z%/2+ -+, valid for the case
|z| < 1.) (b) Suppose instead that the charge ¢ were placed on the
y-axis at a coordinate y such that |y| << a, and then released. If
this charge is free to move anywhere in the xy-plane, what will
happen to it? Explain your answer.

21.73 -+ CP A small 12.3-g plastic ball is tied ~ Figure P21.73
to a very light 28.6-cm string that is attached to
the vertical wall of a room (Fig. P21.73). A uni-
form horizontal electric field exists in this
room. When the ball has been given an excess
charge of —1.11 uC, you observe that it
remains suspended, with the string making an
angle of 17.4° with the wall. Find the magni- 17.4°
tude and direction of the electric field in the
room.

21.95 - CALC Positive charge +Q is distributed uniformly along
the +x-axis from x = 0 to x = a. Negative charge —Q is distrib-
uted uniformly along the —x-axis from x = 0 to x = —a. (a) A
positive point charge ¢ lies on the positive y-axis, a distance y from
the origin. Find the force (magnitude and direction) that the posi-
tive and negative charge distributions together exert on g. Show
that this force is proportional to y_3 for y > a. (b) Suppose
instead that the positive point charge ¢ lies on the positive x-axis, a
distance x > a from the origin. Find the force (magnitude and
direction) that the charge distribution exerts on ¢. Show that this
force is proportional to x > for x => a.

22.47 - Concentric Spherical Shells. A

small conducting spherical shell with inner ~ Figure P22.47
radius a and outer radius b is concentric with
a larger conducting spherical shell with inner
radius ¢ and outer radius d (Fig. P22.47).
The inner shell has total charge +2¢g, and
the outer shell has charge +4¢. (a) Calcu-
late the electric field (magnitude and direc-
tion) in terms of ¢ and the distance r from
the common center of the two shells for
D) r<a () a<r<b; (i) b<r<c (v) c<r<d,
(v) r > d. Show your results in a graph of the radial component of
E as a function of r. (b) What is the total charge on the (i) inner sur-
face of the small shell; (ii) outer surface of the small shell; (iii) inner
surface of the large shell; (iv) outer surface of the large shell?




22.37 -+ The electric field El at Figure P22.37
one face of a parallelepiped is uni-

form over the entire face and is 7 2 7
directed out of the face. At the oppo-

site face, the electric field E 5 is also @
uniform over the entire face and is s 007(\

directed into that face (Fig. P22.37). cm

The two faces in question are £ )

inclined at 30.0° from the horizontal,

while E 1 and E » are both horizon-

tal; E| has a magnitude of 2.50 X 10* N/C, and E, has a magni-
tude of 7.00 X 10* N/C. (a) Assuming that no other electric field
lines cross the surfaces of the parallelepiped, determine the net
charge contained within. (b) Is the electric field produced only by
the charges within the parallelepiped, or is the field also due to
charges outside the parallelepiped? How can you tell?

22.61 * (a) An insulating sphere with radius a has a uniform
charge density p. The sphere is not centered at the origin but at
7 = b. Show that the electric field inside the sphere is given by
E = p(F — 77))/3(-:0. (b) An insulating sphere ~ Figure P22.61
of radius R has a spherical hole of radius a
located within its volume and centered a dis-
tance b from the center of the sphere, where
a < b < R (a cross section of the sphere is
shown in Fig. P22.61). The solid part of the
sphere has a uniform volume charge density
p. Find the magnitude and direction of the
electric field E inside the hole, and show that E is uniform over the
entire hole. [Hint: Use the principle of superposition and the result
of part (a).]

22.62 < A very long, solid insulating
cylinder with radius R has a cylindrical
hole with radius a bored along its entire
length. The axis of the hole is a distance b
from the axis of the cylinder, where a <
b < R (Fig. P22.62). The solid material
of the cylinder has a uniform volume
charge density p. Find the magnitude and
direction of the electric field E inside the
hole, and show that E is uniform over the
entire hole. (Hint: See Problem 22.61.)
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