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	6
	(a)
	State the laws of electromagnetic induction.

	
	
	

	
	
	……………………………………………………………………………………….......................

……………………………………………………………………………………….......................
……………………………………………………………………………………….......................
……………………………………………………………………………………….......................
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……………………………………………………………………………...............................   [3]

	
	
	

	
	(b)
	A magnet is released from rest from the top of a copper pipe as shown in Fig. 6.1.
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	(i)
	Explain why the time taken for the magnet to fall is considerably longer than when the magnet is released from the same height without the copper pipe.
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	(ii)
	The copper pipe is replaced by a solenoid as shown in Fig. 6.2. The ends of the solenoid are connected by a wire.
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	Explain why the time taken for the magnet to fall is shorter as compared to that when the copper pipe was used.
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………………………………………………………………………………………...............
………………………………………………………………………………………...............………………………………………………………………………………………........  [3]

	
	
	
	


	
	(c)
	For the experiment in (b)(i), the variation with time t of the velocity v of the magnet is shown in Fig. 6.3.
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	(i)
	Define displacement.



	
	
	………………………………………………………………………………………........................
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	(ii)
	State the magnitude of the net force acting on the magnet just before it leaves the pipe.



	
	
	…………………………………………………………………………….................................  [1]

	
	
	
	


	
	
	(iii)
	Using Fig. 6.3, estimate the value of h shown in Fig. 6.2.

	
	
	h = ……..……….… m  [2]



	
	
	(iv)
	Using Fig. 6.3, sketch on Fig. 6.4, the variation with time t of the displacement s of the magnet.                                                                                                             [3]
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	(v)
	The copper pipe is now placed on the table as shown in Fig. 6.5. The magnet is to be released from the same height as in (b)(i).
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	Fig. 6.6 shows a predicted v – t graph for the motion of the magnet. 
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Discuss, with appropriate calculation why the velocity values of P and Q are incorrect.   
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6(a)
Faraday’s law of electromagnetic induction states that the magnitude of the induced e.m.f. is directly proportional to the rate of change of magnetic flux linkage.
B2

Lenz’s law states that the direction of the induced e.m.f. is such that it produces an effect which opposes the flux change causing it. 




B1

(1 mark to be deducted for poor quality of answer)
.

 (b)(i)
As the magnet falls, it produces a change in flux in the copper pipe.

B1

According to Faraday’s law, this gives rise to induced e.m.f. and eddy currents in the pipe.










B1

According to Lenz’s law, the current will flow in such a way as to oppose the motion of the magnet.









B1

(ii)
When the magnet is completely inside the solenoid, the induced e.m.f. above and below the magnet are opposite in direction.





B1

Hence no net e.m.f. is generated in the solenoid.




B1

Since no induced current flows in the solenoid, the magnet does not experience any opposing force (except at the point of entry and exit of the solenoid).

B1

(c)(i)
Displacement of an object is the straight-line distance and direction of the object from a fixed point.









B2

     (ii)
0 N (because no change in velocity just before 2.0 s)



A1

    (iii)
Area of graph (from 2.0 s to 2.4 s)
= ½(0.8 + 4.6)(0.4)



C1







= 1.08 = 1.1 m




A1

  (iv)

[image: image7]
Correct curvature for 0 to 1.5 s






B1

Correct linear trend for 1.5 s to 2.0 s






B1


Correct curvature for 2.0 to 2.4 s






B1

(v)
Consider v2 = u2 + 2as









vp2 = 02 + 2(9.5)(1.08)

i.e. vp = 4.5 m s-1




M1


Hence vp should be greater.







A1
Also, vQ is lower than the terminal velocity of 0.8 m s-1 shown on Fig. 6.3. 

B1
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Fig. 6.3





v / m s –1








t / s








Fig. 6.4





s / m








t / s








Fig. 6.4





Fig. 6.5
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Fig. 6.6
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