19. (a) The area of a sphere may be written 4R2= D2. Thus,



q
2.4 106 C

 4.5 107 C/m 2 .
2
D 2
 1.3 m 

(b) Equation 23-11 gives
E


4.5  107 C/m 2

 5.1 104 N/C.
 0 8.85 1012 C2 / N  m 2

39. The forces acting on the ball are shown in the diagram below. The gravitational force
has magnitude mg, where m is the mass of the ball; the electrical force has magnitude qE,
where q is the charge on the ball and E is the magnitude of the electric field at the
position of the ball; and the tension in the thread is denoted by T.

The electric field produced by the plate is normal to the plate and points to the right.
Since the ball is positively charged, the electric force on it also points to the right. The
tension in the thread makes the angle  (= 30°) with the vertical.
Since the ball is in equilibrium the net force on it vanishes. The sum of the horizontal
components yields
qE – T sin  = 0
and the sum of the vertical components yields

T cos   mg  0 .
The expression T = qE/sin , from the first equation, is substituted into the second to
obtain qE = mg tan . The electric field produced by a large uniform plane of charge is
given by E = /20, where  is the surface charge density. Thus,
q
 mg tan 
2 0
and
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2
2 0 mg tan  2 8.85  10 C / N.m 1.0  10 kg 9.8 m/s tan 30


q
2.0 108 C

 5.0  109 C/m 2 .

40. The point where the individual fields cancel cannot be in the region between the sheet
and the particle (d < x < 0) since the sheet and the particle have opposite-signed charges.
The point(s) could be in the region to the right of the particle (x > 0) and in the region to
the left of the sheet (x < d); this is where the condition
| |
Q

2 0 4 0 r 2
must hold. Solving this with the given values, we find r = x = ± 3/2  ± 0.691 m.
If d = 0.20 m (which is less than the magnitude of r found above), then neither of the
points (x  ± 0.691 m) is in the “forbidden region” between the particle and the sheet.
Thus, both values are allowed. Thus, we have
(a) x = 0.691 m on the positive axis, and
(b) x = 0.691 m on the negative axis.
(c) If, however, d = 0.80 m (greater than the magnitude of r found above), then one of the
points (x  0.691 m) is in the “forbidden region” between the particle and the sheet and
is disallowed. In this part, the fields cancel only at the point x  +0.691 m.

41. The charge on the metal plate, which is negative, exerts a force of repulsion on the
electron and stops it. First find an expression for the acceleration of the electron, then use
kinematics to find the stopping distance. We take the initial direction of motion of the
electron to be positive. Then, the electric field is given by E = /0, where  is the surface
charge density on the plate. The force on the electron is F = –eE = –e/0 and the
acceleration is
F
e
a 
 0m
m
where m is the mass of the electron. The force is constant, so we use constant acceleration
kinematics. If v0 is the initial velocity of the electron, v is the final velocity, and x is the
distance traveled between the initial and final positions, then v 2  v02  2ax. Set v = 0 and
replace a with –e/0m, then solve for x. We find

x
Now

1
2

v02  0 mv02

.
2a
2e

mv02 is the initial kinetic energy K0, so
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 0 K 0  8.85 10 C / N  m 1.60 10 J 
x

 4.4 104 m.
19
6
2
e
1.60 10 C  2.0 10 C/m 

