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Solutions to Homework #3


1. Giancoli Chapter 23, Problem 4

By the work energy theorem, the total work done, by the external force and the electric field together, is the change in kinetic energy.  The work done by the electric field is given by Eq. 23-2b.
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Since the potential difference is negative, we see that 
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2. Giancoli Chapter 23, Problem 11

Since the field is uniform, we may apply Eq. 23-4b.  Note that the electric field always points from high potential to low potential.


(a)

[image: image3.wmf]BA

0

.

V

=


  The distance between the two points is exactly perpendicular to 


the field lines.


(b)
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3. Giancoli Chapter 23, Problem 14

(a)
The potential at the surface of a charged sphere is derived in Example 23-4.
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(b)
The potential away from the surface of a charged sphere is also derived in Example 23-4.
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4. Giancoli Chapter 23, Problem 22
Because of the spherical symmetry of the problem, the electric field in each region is the same as that of a point charge equal to the net enclosed charge.

(a)
For 
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For 
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because the electric field is 0 inside of conducting material.


For 
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(b)
For 
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, the potential is that of a point charge at the center of the sphere.
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(c)
For 
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1

rrr

<

<

, the potential is constant and equal to its value on the outer shell, because there is no electric field inside the conducting material.
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(d)
For 
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, we use Eq. 23-4a.  The field is radial, so we integrate along a radial line so that 
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(e)
To plot, we first calculate 
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  Then we plot 


[image: image20.wmf]0

VV

 and 
[image: image21.wmf]0

EE

as functions of 
[image: image22.wmf]2

.

rr




For 
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For 
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For 
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5. Giancoli Chapter 23, Problem 28
(a)
The potential due to a point charge is given by Eq. 23-5.
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(b)
The magnitude of the electric field due to a point 

charge is given by Eq. 21-4a.  The direction of the electric field due to a negative charge is towards the charge, so the field at point a will point downward, and the field at point b will point to the right.  See the vector diagram.
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6. Giancoli Chapter 23, Problem 33
(a)
For every element dq as labeled in Figure 

23-14 on the top half of the ring, there will be a diametrically opposite element of charge –dq.  The potential due to those two infinitesimal elements will cancel each other, and so the potential due to the entire ring is 0.


(b)
We follow Example 21-9 from the 

textbook.  But because the upper and lower halves of the ring are oppositely charged, the parallel components of the fields from diametrically opposite infinitesimal segments of the ring will cancel each other, and the perpendicular components add, in the negative y direction.  We know then that 
[image: image32.wmf]0.

x

E

=






[image: image33.wmf](

)

(

)

(

)

(

)

(

)

(

)

1/23/2

22

22

2222

000

22

3/23/2

2

2222

00

00

3/2

22

0

11

2

sinsin

448

1

  

84

ˆ

4

y

RR

yy

Q

d

dqRQd

R

dEdE

r

xR

xRxR

QQR

EdEd

xRxR

QR

xR

pp

p

qq

pepepe

pepe

pe

=-=-=-=-

+

++

==-=-®

++

=-

+

òò

Ej

l

l

l

r


Note that for 
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which has the typical distance dependence for the field of a dipole, along the axis of the dipole.

7. Giancoli Chapter 23, Problem 44

The potential at the surface of the sphere is 
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  The potential outside the 

sphere is 
[image: image37.wmf]0

0

0

1

,

4

Qr

VV

rr

pe

==

 and decreases as you move away from the surface.  The 
difference in potential between a given location and the surface is to be a multiple of 
100V.



[image: image38.wmf](

)

(

)

(

)

[

]

6

922

0

00

00

0000

0

10.5010C

8.9910NmC10,216V

40.44m

100V    

100V

Q

V

r

rV

VVVVnrr

rVn

pe

-

´

==´=

-=-=®=

-

æö

ç÷

èø

g





(a)
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Note that to within the appropriate number of significant figures, this location is at the surface of the sphere.  That can be interpreted that we don’t know the voltage well enough to be working with a 100-V difference.



(b)
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(c)
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8. Giancoli Chapter 23, Problem 50

We use Eq. 23-9 to find the components of the electric field.
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9. Giancoli Chapter 23, Problem 63

The two fragments can be treated as point charges for purposes of calculating their potential energy.  Use Eq. 23-10 to calculate the potential energy.  Using energy conservation, the potential energy is all converted to kinetic energy as the two fragments separate to a large distance.
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This is about 25% greater than the observed kinetic energy of 200 MeV.

NOTE: In the first line, the factor V is superfluous. With U= qV we have 
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, which is, of course, the same as the energy of fragment 2 in the potential of fragment 1: 
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