Chapter 28

Magnetic Induction
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	Picture the Problem Let m be the mass of the rod and F be the net force acting on it due to the current in it. We can obtain the equation of motion of the rod by applying Newton’s 2nd law to relate its acceleration to B, I, and
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. The net emf that drives I in this circuit is the emf of the battery minus the emf induced in the rod as a result of its motion.


	(a) Letting the direction of motion of the rod be the positive x direction, apply 
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	Substitute to obtain:
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	(b) Express the condition on dv/dt when the rod has achieved its terminal speed: 
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	Solve for vt to obtain:
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	(c)
Substitute vt for v  in equation (2) to obtain:
	
[image: image8.wmf]0

=

-

=

R

B

B

I

l

l

e

e




46
••


	Picture the Problem The diagram shows the square loop being pulled from the magnetic field 
[image: image9.wmf]B

r

 by the constant force 
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The time required to pull the loop out of the magnetic field depends on the terminal speed of the loop. We can apply Newton’s 2nd law and use the expressions for the magnetic force on a moving wire in a magnetic field to obtain the equation of motion for the loop and, from this equation, an expression for the terminal speed of the loop.  
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	Apply 
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	The magnetic force is given by:
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where R is the resistance of the loop.



	Substitute for Fm in equation (1) to obtain:
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	The induced emf  ( is related to the speed of the loop:
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	Substitute for in equation (2) to obtain the equation of motion of the loop:
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	When the loop reaches its terminal speed, dv/dt = 0 and:
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	This result tells us that doubling F doubles the terminal speed vt. Hence, doubling F will halve the time required to pull the loop from the magnetic field and 
[image: image20.wmf]correct.
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	Picture the Problem The diagram shows the square loop being pulled from the magnetic field 
[image: image21.wmf]B
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 by the constant force 
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The time required to pull the loop out of the magnetic field depends on the terminal speed of the loop. We can apply Newton’s 2nd law and use the expressions for the magnetic force on a moving wire in a magnetic field to obtain the equation of motion for the loop and, from this equation, an expression for the terminal speed of the loop.  
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	Apply 
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	The magnetic force is given by:
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where R is the resistance of the loop.



	Substitute for Fm in equation (1) to obtain:
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	The induced emf  ( is related to the speed of the loop:
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	Substitute for in equation (2) to obtain the equation of motion of the loop:
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	When the loop reaches its terminal speed, dv/dt = 0 and:
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	This result tells us that halving R halves the terminal speed vt. Hence, halving R will double the time required to pull the loop from the magnetic field and 
[image: image32.wmf]correct.
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	Picture the Problem We can find the current using 
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 where If = (0/R and ( = L/R and its rate of change by differentiating this expression with respect to time.


	Express the dependence of the current on If and (:
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	Evaluate If and (:
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	Substitute to obtain:
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	Express dI/dt:
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	(a) When t = 0:
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	(b) When t = 0.1 s:
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	(c) When t = 0.5 s:
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	(d) When t = 1.0 s:
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	Picture the Problem The current in an initially energized but source-free RL circuit is given by
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	(a) Express the current in the RL circuit as a function of time:
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	Solve for and evaluate ( :
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	(b) Using the definition of the inductive time constant, relate L to R:
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	Substitute numerical values and evaluate L:
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	Picture the Problem We can apply Faraday’s law to relate the induced electric field E to the rates at which the magnetic flux is changing at distances r < R and 

r  > R from the axis of the solenoid.


	(a)
Apply Faraday’s law to relate the induced electric field to the magnetic flux in the solenoid within a cylindrical region of radius r < R:


	
[image: image52.wmf]dt

d

d

m

C

f

-

=

×

ò

l

r

r

E


or

[image: image53.wmf](

)

dt

d

r

E

m

2

f

p

-

=

                  (1)



	Express the field within the solenoid:
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	Express the magnetic flux through an area for which r < R:
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	Substitute in equation (1) to obtain:
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	Because 
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	(b)
Proceed as in (a) with r > R to obtain:
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	Solve for E to obtain:
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