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You are advised to spend 50 minutes answering the questions in this booklet.

All formulae are provided on the separate Resource Sheet L2-PHYSR.

QUESTION ONE:  STATIC ELECTRICITY

Charge on electron = –1.6 × 10–19 C
Mass of an electron = 9.0 × 10–31 kg

The oscilloscope is an electronic instrument widely used in making electrical measurements. Its 
main component is the cathode ray tube.

The cathode ray tube is a vacuum tube in which electrons are accelerated and deflected by electric 
fields. The electrons are deflected in various directions by two sets of plates placed at right angles to 
each other in the neck of the tube. 

electron gun Y plates

X plates

anode

cathode

electron beam

fluorescent screen

The diagram below is a simplified diagram of the Y-plates in the cathode ray tube. These are two 
parallel metal plates.

Electron beam

The two parallel metal plates are separated by a distance of 3.0 mm. The plates are maintained at a 
potential difference of 20 V. 

(a) On the diagram below, draw arrows to represent the shape and direction of the electric field 
between the plates.
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 +
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(b) (i) Show that the electric field strength in the region between the plates is 6.7 × 103 V m–1. 

 (ii) State another unit for electric field strength.

An electron is released with zero velocity from the negative plate as shown in the diagram below.

  

–

+

electron
uniform 
electric field

(c) Describe what happens to the electron once it is released, in terms of:

 (i) the energy changes 

 (ii) the motion of the electron.

(d) Calculate the velocity with which the electron reaches the positive plate after travelling a 
distance of 3.0 mm.
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QUESTION TWO:  DC ELECTRICITY

Frank is out camping. He has just one 12 V battery with him. He connects various low voltage 
devices to this battery, as shown in the diagram.

4.0 Ω

3.0 Ω

5.0 Ω

2.0 Ω

12 V

(a) Calculate the effective resistance of the circuit.

(b) Calculate the current through the 3.0 Ω resistor.

(c) Calculate the current through the 5.0 Ω resistor.
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As it grows dark, Frank replaces all the devices with lamps of resistances similar to those of his low 
voltage devices at that temperature.

4.0 Ω

3.0 Ω

5.0 Ω

2.0 Ω

12 V

4.0 Ω

3.0 Ω

5.0 Ω

2.0 Ω

12 V

Old circuit New circuit

(d) Discuss which of the TWO lamps (3.0 Ω lamp or the 4.0 Ω lamp) in the above circuit will be 
brighter. You may use calculations to support your answer.
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Harry connects a diode and a resistor separately to a variable voltage supply and studies the voltage- 
current characteristics of each of them. He displays his findings on a graph as shown below.

V(V)

I(A)

(e) Using the information from the graph, discuss the effect of voltage on the current for each of 
the components and explain how the shape of the graph supports your answer. Include ideas 
of resistance for each component in your answer.

 Diode:

 Resistor:
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QUESTION THREE:  ELECTRIC MOTORS AND GENERATORS

Submarines operate underwater where there is no air. Most submarines have diesel-electric engines. 
The diesel engine operates normally when the submarine is near the surface but it doesn’t drive the 
submarine’s propellers directly. Instead, it powers an electricity generator that charges up huge 
batteries. These spin an electric motor that turns the propellers. Once the diesel engine has fully 
charged the batteries, the submarine can switch off its engine and go underwater, where it relies 
entirely on battery power.

There is a motor as well as a generator in a submarine. 

(a) (i) Give one different example of where a generator is used other than in a submarine.

 (ii) Give one different example of where a motor is used other than in a submarine.

 (iii) Discuss the difference between a DC motor and a generator, in terms of:

  • the principle underlying its working

  • the energy conversion.
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The diagram below is a simplified electric motor.

S N
Commutator

Coil

Carbon brush

AA
B

DD

Length AB of the coil = 12 cm
Strength of magnetic field = 0.75 T
Voltage across the terminals of the battery = 12 V
Total resistance of all the wires including the coil = 4.5 Ω

(b) Calculate the size of the magnetic force on AB, which has 100 turns of wire.

(c) Explain why the part of the wire labelled AD, which is 5.0 cm long, will not experience a 
magnetic force while at the position shown in the diagram above.

(d) State TWO changes that can be made in order to make the coil spin faster.
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