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Solutions to Homework #2


1. Giancoli Chapter 22, Problem 4

(a)
From the diagram in the textbook, we see that the flux outward through the hemispherical 

surface is the same as the flux inward through the circular surface base of the hemisphere.  On that surface all of the flux is perpendicular to the surface.  Or, we say that on the circular base, 
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  Thus 
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(b) 
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 is perpendicular to the axis, then every field line would both enter through the hemispherical 

surface and leave through the hemispherical surface, and so 
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2. Giancoli Chapter 22, Problem 7 

(a)
Use Gauss’s law to determine the electric flux.
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(b)
Since there is no charge enclosed by surface A2, 
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3. Giancoli Chapter 22, Problem 9
The only contributions to the flux are from the faces perpendicular to the electric field.  Over each of these two surfaces, the magnitude of the field is constant, so the flux is just 
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 on each of these two surfaces.  
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4. Giancoli Chapter 22, Problem 17

Due to the spherical symmetry of the problem, the electric field can be evaluated using Gauss’s law and the charge enclosed by a spherical Gaussian surface of radius r.
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Since the charge densities are constant, the charge enclosed is found by multiplying the appropriate charge density times the volume of charge enclosed by the Gaussian sphere.  Let 
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(a)
Negative charge is enclosed for 
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(b)
In the region  
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all of the negative charge and part of the positive charge is 

enclosed.
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(c)
In the region 
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 all of the charge is enclosed.
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(d)
See the adjacent plot.  The field is 

continuous at the edges of the layers.

5. Giancoli Chapter 22, Problem 20
(a)
When close to the sheet, we approximate it as an infinite sheet, and use the result of Example 

22-7.  We assume the charge is over both surfaces of the aluminum.
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(b)
When far from the sheet, we approximate it as a point charge.
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6. Giancoli Chapter 22, Problem 24
Since the charges are of opposite sign, and since the charges are free to move since they are on conductors, the charges will attract each other and move to the inside or facing edges of the plates.  There will be no charge on the outside edges of the plates.  And there cannot be charge in the plates themselves, since they are conductors.  All of the charge must reside on surfaces.  Due to the symmetry of the problem, all field lines must be perpendicular to the plates, as discussed in Example 22-7.
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(a)
To find the field between the plates, we choose a gaussian cylinder, perpendicular to the plates, with area A for the ends of the cylinder.  We place one end inside the left plate (where the field must be zero), and the other end between the plates.  No flux passes through the curved surface of the cylinder.
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The field lines between the plates leave the inside surface of the left plate, and terminate on the inside surface of the right plate.  A similar derivation could have been done with the right end of the cylinder inside of the right plate, and the left end of the cylinder in the space between the plates.
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(b)
If we now put the cylinder from above so that the right end is 

inside the conducting material, and the left end is to the left of the left plate, the only possible location for flux is through the left end of the cylinder.  Note that there is NO charge enclosed by the Gaussian cylinder.
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(c)
If the two plates were nonconductors, the results would not change.  The charge would be 

distributed over the two plates in a different fashion, and the field inside of the plates would not be zero, but the charge in the empty regions of space would be the same as when the plates are conductors.

7. Giancoli Chapter 22, Problem 33
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We follow the development of Example 22-6.  Because of the symmetry, we expect the field to be directed radially outward (no fringing effects near the ends of the cylinder) and to depend only on the perpendicular distance, R, from the symmetry axis of the shell.  Because of the cylindrical symmetry, the field will be the same at all points on a gaussian surface that is a cylinder whose axis coincides with the axis of the shell.  The gaussian surface is of radius r and length l.  
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is perpendicular to this surface at all points.  In order to apply Gauss’s law, we need a closed surface, so we include the flat ends of the cylinder.  Since 
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is parallel to the flat ends, there is no flux through the ends.  There is only flux through the curved wall of the gaussian cylinder.
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(a)
For 
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 the enclosed surface area of the shell is 
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(b)
For 
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 the enclosed surface area of the shell is 
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(c)
The field for 
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due to the shell is the same as the field due to the long line of charge, if we substitute 
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8. Giancoli Chapter 22, Problem 38
The geometry of this problem is similar to Problem 33, and so we use the same development, following Example 22-6.  See the solution of Problem 33 for details.
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(a)
For 
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the enclosed charge is the volume of 

charge enclosed, times the charge density.
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(b)
For 
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 the enclosed charge is all of the charge on the inner cylinder.
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(c)
For 
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 the enclosed charge is all of the charge on the inner cylinder, and the part of 

the charge on the shell that is enclosed by the gaussian cylinder.
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(d)
For 
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 the enclosed charge is all of the charge on both the inner cylinder and the shell.
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(e)
See the graph.  
9. Giancoli Chapter 22, Problem 42

The conducting sphere is uncharged, and the electric field is 0 everywhere within its interior, except for in the cavities.  When charge 
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 is placed in the first cavity, a charge 
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 will be drawn from the conducting material to the inner surface of the cavity, and the electric field will remain 0 in the conductor.  That charge 
[image: image46.wmf]1

Q

-

 will NOT be distributed symmetrically on the cavity surface.  Since the conductor is neutral, a compensating charge 
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will appear on the outer surface of the conductor (charge can only be on the surfaces of conductors in electrostatics).  Likewise, when charge 
[image: image48.wmf]2

Q

 is placed in the second cavity, a charge 
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 will be drawn from the conducting material, and a compensating charge 
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 will appear on the outer surface.  Since there is no electric field in the conducting material, there is no way for the charges in the cavities to influence the charge distribution on the outer surface.  So the distribution of charge on the outer surface is uniform, just as it would be if there were no inner charges, and instead a charge 
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 were simply placed on the conductor.  Thus the field outside the conductor is due to a spherically symmetric distribution of 
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.  Application of Gauss’s law leads to 
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  If 
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 the field will point radially outward.  If  
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 the field will point radially inward.
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