A2 level Physics
Electromagnetic Induction
Questions


1.
(a)
An electron of charge e moves with velocity v at right angles to a 
magnetic field 



of strength B.




Write down a formula for the force on the electron and add an arrow to the above 

diagram to indicate the direction of this force.

 [2]

(b)
A straight wire is now moved with a velocity v, at right angles to the magnetic field, of


strength B, as shown:





(i)
How is this situation similar to that in part a)?



[1]

(ii)
Explain how this leads to an induced emf across the wire.

[3]

(iii)
What additional information do you need in order to calculate the induced emf?


[1]

1.
(b)
(iv)
Write down the formula for the induced emf.

[1]

(c)
An aeroplane with a wingspan of 20m flies horizontally at a speed of 300ms-1. 


If the Earth’s vertical component of magnetic flux density is 5.2 ( 10-5 T, calculate the 


emf induced between its wingtips.

[2]

Total: 10 marks

2.
A solenoid is connected to a sensitive galvanometer. A bar magnet is pushed quickly into the


solenoid and then removed at the same speed.







(a) 
State the effect you would expect this action to have on the galvanometer.

[4]

 
(b)
Explain these observations.



[5]


(c) 
The action is now repeated at a higher speed. State and explain what difference you would 



expect to see in the response of the galvanometer.

[2]

Total 11 marks

3.
(a)
Calculate the intensity of the magnetic field inside a 150 turn air cored solenoid of length 



60 cm, carrying a current of 1.2 A. 


Take the permeability of free space (o as 4( x 10 -7 Hm -1.



[3]

(b)

A second coil of 50 turns and diameter 5 cm is wound tightly on the solenoid. 


The current in the solenoid is switched off and falls to zero in 0.1s.



(i)
Calculate the emf induced across the second coil.

[4]



(ii)
What assumption did you make in this calculation?

[1]


(c)
In another experiment the current in the solenoid is reversed rapidly. The emf across the  



second coil is found to be the same as in b). How long did it take to reverse the current?

[3]

Total 11 marks

4.
A closed loop of wire has a total length of 2m, a mass per unit length of 5g m-1 and a resistance of 1( m-1. It is formed into a square frame and held with its plane vertical, above the poles of a large magnet, which provides a horizontal field of 0.25T.   


The frame is released and falls between the poles, travelling 40 cm before the lower edge enters the field. Take g as 9.81 ms-2.









Calculate the following quantities at the moment the lower edge enters the field:


(a)
The speed of the frame

[2]


(b)
The current in the frame

[4]

4.
(c)
The magnitude and direction of the acceleration of the frame



                                                                                                                         [5]


                                                                                                       Total 11 marks

5.
(a)
State Lenz's Law of electromagnetic induction.

[2]

(b)
A magnet is dropped vertically through a coil of wire. A CRO connected to the coil displays 


a trace of the emf induced in the coil.


[image: image1.jpg]



[image: image2.jpg]





Explain the following features of the trace:



(i)
The positive peak 

[3]



(ii)
The negative peak



[2]



(iii)
The relative magnitudes of the two peaks

[2]

5.
(b)
(iv)
The duration in time of the two peaks

[1]

Total 10 marks

6.
(a)
Define self inductance.

[2]


(b)
A 12 volt battery of negligible internal resistance is connected in series with a resistance of 0.5( and a coil of self inductance L. When the circuit is switched on the current increases 



from zero. At a certain time the current is 3.0A and is increasing at 60A s-1. 



Calculate:



(i)
The value of L

[3]



(ii)
The rate of increase of the current when the circuit is first switched on



[3]



(iii)
The value of the current after several seconds

[2]

6.
(c)
Sketch a graph showing how the current varies with time during the few seconds after 




the circuit is switched on.

[2]

Total 12 marks

7.
A long straight vertical wire has a direct current of 2A flowing in it.


(a)

Describe how a search coil could be used to investigate the magnetic field at different distances from the wire. Include in your description:



(i)
The principal of operation of the search coil when used with a d.c. field




(ii)
Other apparatus you would require




(iii)
The measurements you would take




(iv)
Three sources of error in the measurements

[10]


(b)
When the measurements are completed, they are plotted on a graph of field strength  



against distance from the wire. Make a sketch of the shape of this and state the 



relationship between field and distance that it indicates.

[2]

7.
(c)
Taking (o as 4( x 10-7 Hm-1 ,calculate the value of the field you would expect to find at 



a distance of 10cm

[2]

Total 14 marks

8.
(a)
(i)
State the relationship between magnetic field strength, B, and  flux, (
[2]

 

(ii)
State the SI units of each quantity.

[2]


(b)
A conducting disc of diameter 5cm is mounted with its plane perpendicular to a uniform 



magnetic field of 0.1T. It rotates at 25 revolutions per second.





(i)
Calculate the flux cut by a radial line AO as the disc makes one revolution.

[4]



(ii)
Hence calculate the emf induced between the centre of the disc and a point on its rim.

[2]

8.
(b)
(iii)
What is the emf induced between the end points of a diameter of the disc?


[1]

Total 11 marks

9.
(a)
Draw a fully labelled schematic diagram of a step up transformer. 



Label the input and output voltages and indicate their relative size.

[8]


(b)
Use Faraday's Law to explain why a voltage is produced across the output of a 



transformer when AC is applied to its input.

[4]

Total 12 marks

10.(a)
A closed wire loop is made into a square of side 1.0cm and mounted vertically with its plane

 

perpendicular to a magnetic field of 0.12T. The resistance of the loop is 
2.3 ( 10-3(. 



The field is reduced to zero at a uniform rate in 0.60s.

      Calculate the:



(i)
current induced in the loop as the field collapses.

[4]



(ii)
energy dissipated in the loop as the field changes.


[3]


(b)
A square wire loop can be used to measure the magnetic field of the Earth.



(i)
State two ways this loop would differ from the one described above.

[2]



(ii)
Explain why this difference is necessary.

[1]

10.(b)
(iii)
Describe how the loop should be mounted in order to make the measurements.

 [2]

Total 12 marks

11.(a)
What is meant by the term 'eddy currents'?

[3]


(b)
State one application and one disadvantage of eddy currents.

[2]


(c)
An aluminium vane as shown below is allowed to oscillate like a pendulum between 



the poles of a magnet.



Explain why the vane slows down and stops after a very few swings.

[2]


(d)
The vane is replaced by one with slots in it as shown.


State and explain what difference this would make to the oscillations.

[2]

Total 9 marks

12.(a)
Use Faraday's Law of electromagnetic induction to derive the relationship between the turns ratio of a transformer and the input and output voltages.

[5]


(b)
A step down transformer reduces a 240V AC supply to 6V in order to power a toy train



with a motor rated at 24W.



(i)
What is the turns ratio of this transformer?

 [2]



(ii)
What current flows in the primary coil?

[2]



(iii)
What assumption did you make in answering (ii) ?

[1]

Total 10 marks

13. A long slinky spring is connected to an AC supply of constant amplitude and frequency.



(a)
Explain how a search coil may be used to measure the magnetic field inside the slinky.

[4]


(b)
State and explain how the measurement would be altered if the following changes were 
made:



(i)
Double the current in the slinky

[2]



(ii)
With the original current, stretch the slinky to twice its length

[2]



(iii)
Both changes i) and ii) together



[1]

13.(c)
If the AC supply were replaced by a DC one, what method could be used to measure 



the field?

[1]

Total 10 marks

14. A bicycle wheel is mounted vertically on a metal axle in a horizontal magnetic field. 


 Sliding contacts are made to the metal rim of the wheel and the axle. 


 The wheel is set to rotate freely.



(a)
(i)
Explain why an emf is generated between the contacts.

[2]



(ii)
State two ways in which this emf could be varied.

[2]


(b)
A small light bulb is connected between the contacts. State and explain what you would 



observe about:



(i)
The light bulb

[2]



(ii)
The rotation of the wheel

[2]

14. (c)
A second wheel is mounted in the same way at the same orientation to the field and 



rotated at same angular speed. The emf measured is ¼ that of the first wheel. 



What do you conclude about this wheel?

[3]

Total 11 marks

15.(a)
Draw a fully labelled diagram of a simple AC generator.

[5]


(b)
Use Faraday's Law of electromagnetic induction to explain the operation of the generator.

[5]


(c)
State a modification that would have to be made if the generator is to produce a  



unidirectional output voltage.



[2]

Total 12 marks

16. A coil of 1000 turns and resistance 45( has a cross sectional area of 3.4cm2. 


 It is connected in series with an ammeter of negligible resistance. 


(a)
The coil is mounted with its plane perpendicular to the Earth's magnetic field and is 



rotated through 90o, so that it is parallel to the field, in a time of 0.3s. 



The magnetic flux density of the Earth's field at this location is 5.2 ( 10-5T.

Calculate: 



(i)
the average emf induced in the coil

[3]



(ii)
the average current recorded on the ammeter


[1]


(b)
In a second experiment the coil is rotated through 180o. The average current recorded was 



5.2 (10-6A. Calculate the time taken to rotate the coil.

[3]


(c)
It is now arranged to rotate the coil continuously at 1 revolution per second.



(i)
Sketch a graph showing how the current varies over 2 seconds.

[2]

16.(c)
(ii)
Calculate the maximum value of the current.

[3]

Total 12 marks

17.(a)
Describe an experiment to demonstrate Lenz's Law using a bar magnet and a solenoid. 



What other equipment would you need?

[4]


(b)
Describe the energy changes that take place during the experiment and show that 
Lenz's Law 



is consistent with energy conservation.

[6]

Total 10 marks

18. A circuit consists of an inductor L of 5H with negligible resistance in series with a resistor R 


of 10( and a DC supply of 5.0V. 






(a)
Calculate:



(i)
the initial rate of change of the current when the circuit is switched on

[3]



(ii)
the rate of change of the current when the current is 0.3A




[2]



(iii)
The current after about 5s

[2]


(b)
The resistance is now replaced by 1(.



(i)
Which of the three quantities calculated above will be unaffected?

[1]

18.(b)
(ii)
Calculate new values for the other two quantities.

[2]

Total 10 marks

19. A coil of 2000 turns is placed over an iron retort stand rod as shown. 


 A 12V AC supply is connected to the coil.

            






(a)
The aluminium ring is dropped onto the rod.



(i)
Describe what happens to the ring.

[2]



(ii)
Explain how your observations demonstrate Lenz's Law.


[2]


(b)
An aluminium disc is mounted horizontally and is free to rotate.




19.(b)
(i)
State how you would cause the disc to rotate using a bar magnet without coming into 




contact with the disc.

[2]



(ii)
Use Lenz's Law to explain your method.

[3]

Total 9 marks
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