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Question 1 (4 marks) 
Consider the areas identified by the hatched boxes in the diagrams below. Within each box sketch 
the overall magnetic field with at least 6 magnetic field lines. You can assume that the magnets 
and wires are fixed in position and the Earth’s magnetic field is negligible. 
 

a) b) 

  

         

Question 2 (3 marks) 
Draw the electric field between the three positively charged spheres shown below. You must draw 
at least 6 electric field lines. 
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Time allowed: 50 minutes 
Total marks available: 50 
Show calculation answers to 3 significant figures 

+ + 

+ 



 Continued on next page  2/8 

 
Question 3 (9 marks) 
As shown in the diagram below, two small, electrically charged spheres, hang from a roof by non-
conductive wires. Each sphere has a mass of 5.00 kg and the distance between the centre of each 
sphere is 4.00 cm. The charge of the left sphere is -1.00 µC and the charge of the right sphere is 
+1.00 µC. 

 
(a)  Calculate the number of electrons required to produce a charge of -1.00 µC.  (2 marks) 
 
 
 
 
 
 
 
 
(b)  Calculate the angle ߠ that the negative sphere makes with the horizontal. (4 marks) 
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(c)  Both spheres are recharged so that the left sphere has a charge of െ0.500	μܥ and the right 
sphere has a charge of 2.00	μܥ. Would the angle that the left sphere makes with the 
horizontal (θ) now be greater than, less than, or equal to the angle that the right sphere makes 
with the horizontal (β). Circle your answer and provide an explanation. (3 marks) 

 
greater   less   equal 

 
Explanation 
 
 
 
 
 
 
 
 
 
Question 4 (3 marks) 
A rectangular wire loop is placed into a uniform magnetic field which acts within the boundary of the 
broken line shown in the diagram. The plane of the loop is perpendicular to the magnetic field. The 
wire carries a current I of 2.50 A which produces a force of 3.20 N to the right on the loop. 
 

 
 
(a)  Indicate the direction of the magnetic field on the diagram. (1 mark) 
 
 
(b)  Calculate the magnitude of the magnetic field strength. (2 marks) 
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Question 5 (11 marks) 
The diagram shows a small DC motor connected to a battery. A uniform magnetic field of strength 
0.500 T exists between the magnetic poles. The coil has a length (l) of 8.00 cm, a width (w) of 
5.00 cm and 80 turns of wire. The coil draws a current of 3.85 A from the battery. 
 

 

 
 
(a)  Indicate the direction of rotation of the coil on the diagram. (1 mark) 
 
 
(b)  Explain the function of the commutator in a DC motor. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
  



      Continued on next page    5/8 

(c)  Calculate the maximum torque produced by the motor. (2 marks) 
 

 
 
 
 
 
 
 
 
 
 
(d)  Calculate the rotation angle of the coil from the horizontal if the torque produced by the motor is 

40.0 % of the maximum torque.  (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(e)  Explain why the torque produced by the motor varies as the coil rotates.  (3 marks) 
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Question 6 (3 marks) 
Two long, parallel wires carry current in the direction shown. If 
the current in Wire 1 (I1) is 7.00 A and the current in Wire 2 (I2) 
is 5.00 A, calculate the magnitude of the magnetic flux density 
at A. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question 7 (4 marks) 
The diagram below shows a wire carrying current into the page and an electromagnet connected to 
a power source.  The wire feels a force F in the upwards direction. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
On the diagram above  
 
(a)  indicate the effective north and south poles of the electromagnet. (1 mark) 
 
 
(b)  draw the magnetic field produced by the electromagnet using at least 4 magnetic field lines.
 (2 marks) 
 
 
(c)  indicate the direction of the conventional current flow through the coil. (1 mark) 
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Question 8 (13 marks) 
Ink drop generators in inkjet printers can ‘fire’ over 100,000 droplets per second. Some of these 
droplets are charged and can be steered to different points on the paper by electric fields. The 
diagram shows an ink droplet of mass m and charge q entering the deflecting plates at speed v. 
The plates are a distance d apart, have a length L and the potential difference between them is V. 
The top plate is positively charged and the bottom plate is negatively charged. 

 

 
 

(a)  Draw the electric field lines between the plates. You must draw at least 4 electric field lines. 
 (2 marks) 
 
 
(b)  Describe the motion of the charged droplet  

(i)  as it moves between the deflecting plates. (2 marks) 
 
 
 
 
 
 
 
 
 
(ii)  as it moves beyond them. (1 mark) 
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(c)  Show that the vertical acceleration of the droplet is ܽ ൌ


ௗ
 . You can assume that gravitational 

forces are negligible. You must refer to the equations stated on the data sheet in your 
derivation. (3 marks) 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
(d)  Calculate the speed of the droplet once it has been accelerated through a vertical distance of 

3.00 mm by the charged plates. Assume that the speed that the droplet enters the electric field 
is 2.00 x 103 m s-1 to the right, the charge on the droplet is 0.200 C and the mass of the droplet 
is 0.100 g. The potential difference between the plates is 2.00 kV and the plate separation 
distance is 2.00 cm.  

  (5 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


