Physics 51

Chapter 22, 13th ed, Freedman

Homework Solutions


22.1.
(a) Identify and Set Up:   
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 where 
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 is the angle between the normal to the sheet 
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 and the electric field 
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Execute:   In this problem E and 
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 are constant over the surface so 
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(b) Evaluate:   
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 is independent of the shape of the sheet as long as 
[image: image8.wmf]f

 and E are constant at all points on the sheet.

(c) Execute:   (i) 
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(ii) 
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Evaluate:   
[image: image14.wmf]E
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 is 0 when the surface is parallel to the field so no electric field lines pass through the surface.


22.4.
(a) Identify:   Use Eq. (22.5) to calculate the flux through the surface of the cylinder.

Set Up:   The line of charge and the cylinder are sketched in Figure 22.4.
	[image: image15.jpg]end view





	Figure 22.4


Execute:   The area of the curved part of the cylinder is 
[image: image16.wmf]2.
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The electric field is parallel to the end caps of the cylinder, so 
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 for the ends and the flux through the cylinder end caps is zero.

The electric field is normal to the curved surface of the cylinder and has the same magnitude 
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 at all points on this surface. Thus 
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(b) In the calculation in part (a) the radius r of the cylinder divided out, so the flux remains the same, 
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(c) 
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 (twice the flux calculated in parts (a) 
and (b)).

Evaluate:   The flux depends on the number of field lines that pass through the surface of the cylinder.
22.11.
(a) Identify and Set Up:   It is rather difficult to calculate the flux directly from 
[image: image23.wmf]E

d

F=×

ò

EA

r

r

 since the magnitude of 
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 varies over the surface of the cube. A much easier approach is to use Gauss’s law to calculate the total flux through the cube. Let the cube be the Gaussian surface. The charge enclosed is the point charge.

Execute:   
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 By symmetry the flux is the same through each of the six faces, so the flux through one face is 
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(b) Evaluate:   In part (a) the size of the cube did not enter into the calculations. The flux through one face depends only on the amount of charge at the center of the cube. So the answer to (a) would not change if the size of the cube were changed.


22.15.
Identify:   Each line lies in the electric field of the other line, and therefore each line experiences a force due to the other line.

Set Up:   The field of one line at the location of the other is 
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 For charge 
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 on one line, the force on it due to the other line is 
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Execute:   
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 The force on one line due to the other is 
[image: image33.wmf],

FEq

=

 where 
[image: image34.wmf]7

(0.0500 m)  2.6010 C.

q

l

-

==´

 The net force is 
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Evaluate:   Since the electric field at each line due to the other line is uniform, each segment of line experiences the same force, so all we need to use is 
[image: image36.wmf],
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 even though the line is not a point charge.


22.17.
Identify and Set Up:   Example 22.5 derived that the electric field just outside the surface of a spherical conductor that has net charge q is 
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 Calculate q and from this the number of excess electrons.

Execute:   
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Each electron has a charge of magnitude 
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Evaluate:   The result we obtained for q is a typical value for the charge of an object. Such net charges correspond to a large number of excess electrons since the charge of each electron is very small.

22.25.
      Identify:   The uniform electric field of the sheet exerts a constant force on the proton perpendicular to the sheet, and therefore does not change the parallel component of its velocity. Newton’s second law allows us to calculate the proton’s acceleration perpendicular to the sheet, and uniform-acceleration kinematics allows us to determine its perpendicular velocity component. 
Set Up:   Let 
[image: image41.wmf]x
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 be the direction of the initial velocity and let 
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 be the direction perpendicular to the sheet and pointing away from it. 
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 The electric field due to the sheet is 
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 and the magnitude of the force the sheet exerts on the proton is 
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Execute:   
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 Newton’s second law gives 
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 Kinematics gives 
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 The speed of the proton is the magnitude of its velocity, so 
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Evaluate:   We can use the constant-acceleration kinematics equations because the uniform electric field of the sheet exerts a constant force on the proton, giving it a constant acceleration. We could not use this approach if the sheet were replaced with a sphere, for example.
22.32. 
Identify:   The net electric field is the vector sum of the fields due to each of the four sheets of charge.

Set Up:   The electric field of a large sheet of charge is 
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 The field is directed away from a positive sheet and toward a negative sheet.

Execute:   (a) At 
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(b) 
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(c) 
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Evaluate:   The field at C is not zero. The pieces of plastic are not conductors.

22.40.
       Identify:   Apply Gauss’s law.

Set Up:   Use a Gaussian surface that is a cylinder of radius r, length l and that has the line of charge along its axis. The charge on a length l of the line of charge or of the tube is 
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Execute:   (a) (i) For 
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 Gauss’s law gives 
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(ii) The electric field is zero because these points are within the conducting material.

(iii) For 
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 Gauss’s law gives 
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The graph of E versus r is sketched in Figure 22.40.

(b) (i) The Gaussian cylinder with radius r, for 
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 must enclose zero net charge, so the charge per unit length on the inner surface is 
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 (ii) Since the net charge per length for the tube is 
[image: image67.wmf]a

+

 and there is 
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 on the inner surface, the charge per unit length on the outer surface must be 
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Evaluate:   For 
[image: image70.wmf]rb
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 the electric field is due to the charge on the outer surface of the tube.
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	Figure 22.40



22.43.
Identify:   First make a free-body diagram of the sphere. The electric force acts to the left on it since the electric field due to the sheet is horizontal. Since it hangs at rest, the sphere is in equilibrium so the forces on it add to zero, by Newton’s first law. Balance horizontal and vertical force components separately.

Set Up:   Call T the tension in the thread and E the electric field. Balancing horizontal forces gives 
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 The electric field for a sheet of charge is 
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Execute:   Substituting the numbers gives us 
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Evaluate:   Increasing the field, or decreasing the mass of the sphere, would cause the sphere to hang at a larger angle.

22.46.
       Identify:   Apply Gauss’s law and conservation of charge.

Set Up:   Use a Gaussian surface that is a sphere of radius r and that has the point charge at its center.

Execute:   (a) For  
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 radially outward, since the charge enclosed is Q, the charge of the point charge. For 
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 radially inward, since the total enclosed charge is 
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(b) Since a Gaussian surface with radius r, for 
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 must enclose zero net charge, the total charge on the inner surface is 
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 and the surface charge density on the inner surface is 
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(c) Since the net charge on the shell is 
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 and there is 
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 on the inner surface, there must be 
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 on the outer surface. The surface charge density on the outer surface is 
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(d) The field lines and the locations of the charges are sketched in Figure 22.46a.

(e) The graph of E versus r is sketched in Figure 22.46b.
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	Figure 22.46


Evaluate:   For 
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 the electric field is due solely to the point charge Q. For 
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 the electric field is due to the charge 
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 that is on the outer surface of the shell.
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