Chapter23 Solutions

P23.2
(a)
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[image: image3.wmf].

	
	
	


P23.4
The force on one proton is [image: image4.wmf] away from the other proton. Its magnitude is


[image: image5.wmf].

P23.9
(a)
The force is one of [image: image6.wmf]. The distance r in Coulomb’s law is the distance between centers. The magnitude of the force is


[image: image7.wmf].

(b)
The net charge of [image: image8.wmf] will be equally split between the two spheres, or [image: image9.wmf] on each. The force is one of [image: image10.wmf], and its magnitude is


[image: image11.wmf].

P23.10
 Let the third bead have charge Q and be located distance [image: image12.wmf] from the left end of 

             the rod. This bead will experience a net force given by


[image: image13.wmf].


The net force will be zero if [image: image14.wmf], or [image: image15.wmf].


This gives an equilibrium position of the third bead of [image: image16.wmf].


The equilibrium is [image: image17.wmf].
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	P23.17
The first charge creates at the origin field [image: image18.wmf] to the right.  Suppose the total field at the origin is to the right. Then q must be negative:


[image: image19.wmf]

[image: image20.wmf].


In the alternative, the total field at the origin is to the left:
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FIG. P23.17


	P23.19
(a)
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FIG. P23.19


(b)
[image: image27.wmf]
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P23.21
(a)
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(b)
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	P23.25
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FIG. P23.25


P23.28
[image: image35.wmf]
	P23.33
Due to symmetry
[image: image36.wmf], and [image: image37.wmf]

where

[image: image38.wmf],


so that,

[image: image39.wmf]

where

[image: image40.wmf] and [image: image41.wmf].
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FIG. P23.33



Thus,


[image: image43.wmf].


Solving,

[image: image44.wmf].


Since the rod has a negative charge, [image: image45.wmf].

	P23.35
(a)
The electric field at point P due to each element of length dx, is [image: image46.wmf] and is directed along the line joining the element to point P. By symmetry,


[image: image47.wmf]
and since
[image: image48.wmf],
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where
[image: image50.wmf].


Therefore,
[image: image51.wmf].
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FIG. P23.35


(b)
For a bar of infinite length,
[image: image53.wmf]
and
[image: image54.wmf].

P23.40
(a)
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  (b)
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P23.45
The required electric field will be [image: image57.wmf].


Work done [image: image58.wmf]

so,
[image: image59.wmf] (since the final velocity [image: image60.wmf])


which becomes
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and
[image: image62.wmf].

P23.47
(a)
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(b)
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(c)
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	P23.62
	At equilibrium, the distance between the charges is [image: image69.wmf]
Now consider the forces on the sphere with charge [image: image70.wmf], and use [image: image71.wmf]:
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[image: image73.wmf], or [image: image74.wmf]
(1)

[image: image75.wmf]:
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(2)

[image: image77.wmf] is the net electrical force on the charged sphere. Eliminate T from (2) by use of (1).

[image: image78.wmf]
[image: image79.wmf] is the resultant of two forces, [image: image80.wmf] and [image: image81.wmf]. [image: image82.wmf] is the attractive force on [image: image83.wmf] exerted by [image: image84.wmf], and [image: image85.wmf] is the force exerted on [image: image86.wmf] by the external electric field.
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FIG. P23.62



[image: image89.wmf] or [image: image90.wmf]
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Thus, [image: image92.wmf] yields [image: image93.wmf]

and [image: image94.wmf], or [image: image95.wmf].
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