Physics 51
Chapter 21 (parts A and B), 13th ed, Freedman
Homework Solutions

21.9.
         Identify:   Apply Coulomb’s law.

Set Up:   Consider the force on one of the spheres.

(a) Execute:   
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(b) 
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And then 
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Evaluate:   The force on one sphere is the same magnitude as the force on the other sphere, whether the spheres have equal charges or not.
21.15. 
Identify:   Apply Coulomb’s law. The two forces on 
[image: image8.wmf]3
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must have equal magnitudes and opposite directions.
Set Up:   Like charges repel and unlike charges attract.

Execute:   The force 
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has magnitude 
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and is in the x-direction. 
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Evaluate:   The result for the magnitude of 
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doesn’t depend on the magnitude of 
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21.16.
Identify:   Apply Coulomb’s law and find the vector sum of the two forces on Q.

Set Up:   The force that 
[image: image20.wmf]1

q

exerts on Q is repulsive, as in Example 21.4, but now the force that 
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exerts is attractive.

Execute:   The x-components cancel. We only need the y-components, and each charge contributes equally. 
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 Therefore, the total force is 
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Evaluate:   If 
[image: image25.wmf]1

q

is 
[image: image26.wmf]20C

m

-. 

 and 
[image: image27.wmf]2

q

is 
[image: image28.wmf]20C,

m

+. 

 then the net force is in the 
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21.19.
      Identify and Set Up:   Apply Coulomb’s law to calculate the force exerted by 
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 Add these forces as vectors to get the net force. The target variable is the x-coordinate of 
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Execute:   
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For 
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Evaluate:   
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 attracts 
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 in the x-direction so 
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 must attract 
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21.29.
       (a) Identify:   Eq. (21.4) relates the electric field, charge of the particle, and the force on the particle. If the particle is to remain stationary the net force on it must be zero.

Set Up:   The free-body diagram for the particle is sketched in Figure 21.29. The weight is mg, downward. For the net force to be zero the force exerted by the electric field must be upward. The electric field is downward. Since the electric field and the electric force are in opposite directions the charge of the particle is negative.
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	Figure 21.29
	
	


Execute:   
[image: image49.wmf]32

5

(14510 kg)(980 m/s)

21910 C and 219C

650 N/C

mg

qq

E

m

-

.´.

===.´=-. 

2


(b) Set Up:   The electrical force has magnitude 
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Execute:   
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This is a very small electric field.

Evaluate:   In both cases 
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 In part (b) the 
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 ratio is much smaller 
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 so E is much smaller in (b). For subatomic particles gravity can usually be ignored compared to electric forces.

21.35. 
Identify:   Apply constant acceleration equations to the motion of the electron.

Set Up:   Let x be to the right and let
[image: image59.wmf]y
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be downward. The electron moves 2.00 cm to the right and 
0.50 cm downward.

Execute:   Use the horizontal motion to find the time when the electron emerges from the field. 
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 EMBED Equation.DSMT4  [image: image63.wmf]6
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Evaluate:   
[image: image68.wmf]0

yyy

vvat

=+

gives 
[image: image69.wmf]132

6410 m/s.

y

a

=.´

 The electric field between the plates is 
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 This is not a very large field.
21.46. 
Identify:   Apply Eq. (21.7) to calculate the field due to each charge and then require that the vector sum of the two fields to be zero.

Set Up:   The field of each charge is directed toward the charge if it is negative and away from the charge if it is positive.

Execute:   The point where the two fields cancel each other will have to be closer to the negative charge, because it is smaller. Also, it can’t be between the two charges, since the two fields would then act in the same direction. We could use Coulomb’s law to calculate the actual values, but a simpler way is to note that the 8.00 nC charge is twice as large as the 
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 charge. The zero point will therefore have to be a factor of 
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 farther from the 8.00 nC charge for the two fields to have equal magnitude. Calling
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the distance from the –4.00 nC charge: 
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Evaluate:   This point is 4.10 m from the 8.00 nC charge. The two fields at this point are in opposite directions and have equal magnitudes.


21.47.
Identify:   
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 The net field is the vector sum of the fields due to each charge.

Set Up:   The electric field of a negative charge is directed toward the charge. Label the charges 
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 , 

qq

 and 
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 as shown in Figure 21.47a. This figure also shows additional distances and angles. The electric fields at point P are shown in Figure 21.47b. This figure also shows the xy coordinates we will use and the x and y components of the fields 
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Evaluate:   The x-components of the fields of all three charges are in the same direction.
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	Figure 21.47
	
	


21.52.

Identify:   For a long straight wire, 
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[image: image91.wmf]1022

0

1

18010 Nm/C.

2

p

=.´×

e


Execute:   
[image: image92.wmf]10

0

1510C/m

108m

2(250N/C)

r

p

-

.´

==.

.

e


Evaluate:   For a point charge, E is proportional to 
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 For a long straight line of charge, E is proportional to 
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21.54.

(a) Identify:   The field is caused by a finite uniformly charged wire.

Set Up:   The field for such a wire a distance x from its midpoint is
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Execute:   
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[image: image97.wmf]4
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(b) Identify:   The field is caused by a uniformly charged circular wire.

Set Up:   The field for such a wire a distance x from its midpoint is 
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Execute:   Solving for r gives 
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The charge on this circle is 
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The electric field is
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[image: image103.wmf]4
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Evaluate:   In both cases, the fields are of the same order of magnitude, but the values are different because the charge has been bent into different shapes.

21.73.

Identify:   The electric field exerts a horizontal force away from the wall on the ball. When the ball hangs at rest, the forces on it (gravity, the tension in the string, and the electric force due to the field) add to zero.
Set Up:   The ball is in equilibrium, so for it 
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 The force diagram for the ball is given in Figure 21.73. 
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 is the force exerted by the electric field. 
[image: image107.wmf].

q

=

FE

rr

 Since the electric field is horizontal, 
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 is horizontal. Use the coordinates shown in the figure. The tension in the string has been replaced by its x- and y-components.
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	Figure 21.73


Execute:   
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 Combing the equations and solving for 
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 Since q is negative and 
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Evaluate:   The larger the electric field E the greater the angle the string makes with the wall.

21.89. 
Identify:   Divide the charge distribution into infinitesimal segments of length
[image: image123.wmf].
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 Calculate 
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Set Up:   The charge 
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 of a segment of length 
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Execute:   (a) 
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(b) 
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Evaluate:   (c) For 
[image: image138.wmf],

xa

?



 EMBED Equation.DSMT4  [image: image139.wmf]1

22

0

1

((1/)1)(1/1).

4

kqQkqQkqQqQ

Faxax

axax

xr

p

-

=--=++×××-»»

e

 (Note 
that for 
[image: image140.wmf],

xa

?



 EMBED Equation.DSMT4  [image: image141.wmf].)

rxax

=-»

 The charge distribution looks like a point charge from far away, so the force takes the form of the force between a pair of point charges.

21.103.
Identify and Set Up:   Example 21.11 gives the electric field due to one infinite sheet. Add the two fields as vectors.

Execute:   The electric field due to the first sheet, which is in the xy-plane, is 
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 Similarly, we can write the electric field due to the second sheet as 
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Evaluate:   The electric field is independent of the y-component of the field point since displacement in the 
[image: image151.wmf]-direction
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is parallel to both planes. The field depends on which side of each plane the field is located.
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