Physics 104


Assignment 29

29.1.
Identify:   The changing magnetic field causes a changing magnetic flux through the loop. This induces an emf in the loop which causes a current to flow in it.
Set Up:   
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A is constant and B is changing.

Execute:   (a) 
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(b) 
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Evaluate:   These are small emfs and currents by everyday standards.


29.5.
Identify:   Apply Faraday’s law.

Set Up:   Let 
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 be the positive direction for 
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 Therefore, the initial flux is positive and the final flux is zero.

Execute:   (a) and (b) 
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 Since 
[image: image9.wmf]e

 is positive and 
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 is toward us, the induced current is counterclockwise.

Evaluate:   The shorter the removal time, the larger the average induced emf.


29.6.
Identify:   Apply Eq. (29.4). 
[image: image11.wmf]/.

IR

e

=


Set Up:   
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Execute:   (a) 
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(b) At 
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Evaluate:   The rate of change of the flux is increasing in time, so the induced current is not constant but rather increases in time.

29.13.
Identify:   Apply the results of Example 29.3.

Set Up:   
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Execute:   
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Evaluate:   We may also express
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29.15.
Identify and Set Up:   The field of the induced current is directed to oppose the change in flux.

Execute:   (a) The field is into the page and is increasing so the flux is increasing. The field of the induced current is out of the page. To produce field out of the page the induced current is counterclockwise.

(b) The field is into the page and is decreasing so the flux is decreasing. The field of the induced current is into the page. To produce field into the page the induced current is clockwise.

(c) The field is constant so the flux is constant and there is no induced emf and no induced current.

Evaluate:   The direction of the induced current depends on the direction of the external magnetic field and whether the flux due to this field is increasing or decreasing.

29.17.
Identify and Set Up:   Apply Lenz’s law, in the form that states that the flux of the induced current tends to oppose the change in flux.

Execute:   (a) With the switch closed the magnetic field of coil A is to the right at the location of coil B. When the switch is opened the magnetic field of coil A goes away. Hence by Lenz’s law the field of the current induced in coil B is to the right, to oppose the decrease in the flux in this direction. To produce magnetic field that is to the right the current in the circuit with coil B must flow through the resistor in the direction a to b.

(b) With the switch closed the magnetic field of coil A is to the right at the location of coil B. This field is stronger at points closer to coil A so when coil B is brought closer the flux through coil B increases. By Lenz’s law the field of the induced current in coil B is to the left, to oppose the increase in flux to the right. To produce magnetic field that is to the left the current in the circuit with coil B must flow through the resistor in the direction b to a.

(c) With the switch closed the magnetic field of coil A is to the right at the location of coil B. The current in the circuit that includes coil A increases when R is decreased and the magnetic field of coil A increases when the current through the coil increases. By Lenz’s law the field of the induced current in coil B is to the left, to oppose the increase in flux to the right. To produce magnetic field that is to the left the current in the circuit with coil B must flow through the resistor in the direction b to a.

Evaluate:   In parts (b) and (c) the change in the circuit causes the flux through circuit B to increase and in part (a) it causes the flux to decrease. Therefore, the direction of the induced current is the same in parts (b) and (c) and opposite in part (a).
29.19.
Identify and Set Up:   Lenz’s law requires that the flux of the induced current opposes the change in flux.

Execute:   (a) 
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of the induced current is
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(b) The current reaches a constant value so
[image: image26.wmf]B

F

is constant.
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and there is no induced current.

(c) 
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and decreasing, so
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and current is counterclockwise.

Evaluate:   Only a change in flux produces an induced current. The induced current is in one direction when the current in the outer ring is increasing and is in the opposite direction when that current is decreasing.
29.23.
Identify:   A conductor moving in a magnetic field may have a potential difference induced across it, depending on how it is moving.

Set Up:   The induced emf is 
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is the angle between the velocity and the magnetic field.
Execute:   (a) 
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(b) The positive charges are moved to end b, so b is at the higher potential.

(c) 
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is from b to a. 

(d) The positive charges are pushed to b, so b has an excess of positive charge.

(e) (i) If the rod has no appreciable thickness, L  0, so the emf is zero. (ii) The emf is zero because no magnetic force acts on the charges in the rod since it moves parallel to the magnetic field.

Evaluate:   The motional emf is large enough to have noticeable effects in some cases.

29.25.
Identify:   
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Set Up:   
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Execute:   
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Evaluate:   This is a large speed and not practical. It is also difficult to produce a 5.00-cm wide region of 0.650 T magnetic field.

29.27.
Identify and Set Up:   
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Use Lenz’s law to determine the direction of the induced current. The force
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required to maintain constant speed is equal and opposite to the force
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that the magnetic field exerts on the rod because of the current in the rod.

Execute:   (a) 
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(b) 
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 is into the page. The flux increases as the bar moves to the right, so the magnetic field of the induced current is out of the page inside the circuit. To produce magnetic field in this direction the induced current must be counterclockwise, so from b to a in the rod.

(c) 
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 is to the left. To keep the bar moving to the right at constant speed an external force with magnitude
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(d) The rate at which work is done by the force 
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 The rate at which thermal energy is developed in the circuit is 
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These two rates are equal, as is required by conservation of energy.

Evaluate:   The force on the rod due to the induced current is directed to oppose the motion of the rod. This agrees with Lenz’s law.
29.36.
Identify:   Use Eq. (29.10) to calculate the induced electric field E at a distance r from the center of the solenoid. Away from the ends of the solenoid, 
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(a) Set Up:   The end view of the solenoid is sketched in Figure 29.36.
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	Let R be the radius of the solenoid.

	Figure 29.36
	
	


Apply 
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 to an integration path that is a circle of radius r, where 
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 We need to calculate just the magnitude of E so we can take absolute values.

Execute:   
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Thus 
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(b) 
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 is still inside the solenoid so the expression in part (a) applies.
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Evaluate:   Inside the solenoid E is proportional to r, so E doubles when r doubles.

29.38.
Identify:   A changing magnetic flux through a coil induces an emf in that coil, which means that an electric field is induced in the material of the coil.

Set Up:   According to Faraday’s law, the induced electric field obeys the equation 
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Execute:   (a) For the magnitude of the induced electric field, Faraday’s law gives 
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(b) The field points toward the south pole of the magnet and is decreasing, so the induced current is counterclockwise.

Evaluate:   This is a very small electric field compared to most others found in laboratory equipment.
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