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PHYSICS 2001 Exam Paper 
 
 

SECTION A   (120 marks) 
 

Attempt all questions Write the answer to questions on the correct page of the 
Answer Book. 

If you are unable to calculate a value for a question and need that value in a later 
question, select a convenient value and use it where needed. 

 
 

QUESTION 1.                                                                                             ( 12 marks) 
 
(a)  An object is placed 5 cm from the centre of a lens of focal length, as shown 

below. 

(i) Use a scale diagram, or otherwise to find the position of the image. 
State it's position clearly.         (2marks) 

 
(ii) State three properties of the image.                                           (3 marks) 
 
(iii) Calculate the magnification of the image.                                (2 marks) 
 
(iv) Give one use of the lens when used like this.       (1 mark) 

 
(b)  A real image is formed 40 cm from a concave mirror. The image formed is 

twice the size of the object. 
 

Use a scale diagram, or otherwise, to determine: 
 
 (i) the focal length of the mirror.      (2 marks) 
 
 (ii) the distance of the object from the mirror.     (2 marks) 
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QUESTION 2.                   (12 marks) 
 

A ray of red light from a laser is directed towards the centre of a semicircular 
block of glass, as in the diagram below. 

 

 
 

The angles of refraction in air are measured for a number of different angles of 
incidence in the glass, as in the table below. 

 
 

angle of incidence 
(degrees) 

0 5 15 25 35 40 

angle of refraction 
(degrees) 

0 7 22 37 55 67 

 
(i) Construct a table of sines of angles of incidence and angles of 
refraction. Give your answers to two decimal places.     (2 marks) 
 
(ii) Plot a graph of sin i (x axis) versus sin r.         (5 marks) 
 
(iii)  Use your graph to determine the relative refractive index for glass for 

this light.                                      (2 marks) 
 
(iv) Use your graph to determine the angle of incidence for the angle of 

refraction to be 90o.               (1 mark) 
 
(v) What is the value of the critical angle for this light in this material?  

Explain your answer.        (2 marks) 
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QUESTION 3.                    (12 marks) 
 
(a)  A student is investigating the interference of sound waves and sets up a 

loudspeaker behind metal plates as below. 
 

 
 

Points of maxima (loud) and minima (quiet) are observed along the line PQ. 
 
The sound from the loudspeaker has a frequency of 17 000 Hz and the speed 
of sound in air is 340 ms-1. 
 
(i)  Explain why there is a maximum on the centre line. (the dotted line) 

(2 marks) 
 (ii) Calculate the wavelength of the sound waves.     (2 marks) 
 

(iii) Point P is 24 cm from source S1. Show that the distance between P and 
S2 is 30 cm.           (2 marks) 

 
 

(b) Students are investigating waves in water. Waves are approaching a barrier 
from the left, as below. They notice that the waves after the barrier are no 
longer regular. 
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(i)  Complete the diagram in your answer book, to show the wave 
pattern if the barrier is a deep hole.     (2 marks) 

 
(ii) Complete the diagram in your answer book, to show the wave 

pattern if the barrier is a sandbank surrounded by deep water.
         (2 marks) 

(iii) Will the deep hole or the sandbank cause higher waves to the 
right of the barrier? Explain.        (2 marks) 
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QUESTION 4.           (12 marks) 
 
 A tent is attached by guy ropes to tent pegs as in the diagram on the left below. 
 The diagram on the right shows the forces acting on a tent peg. 
 
                                                                                

                                                
 
 
  (i) Calculate the magnitude of the force, F.    (2 marks) 
 
  (ii) Calculate the direction of the force, θ .     (2 marks) 
 

(iii) What is the horizontal component of the force, F?      (2 ma rks)   
 
(b)  A helicopter of mass 3 750 kg with a payload of 750 kg attached 

ascends vertically with an acceleration of 2 ms-2 as in the diagram 
below. 

 
 

(i)  Calculate the weight of the helicopter and payload.     (2 marks) 
 
(ii) Calculate the unbalanced force required to produce the acceleration. 

(2 marks) 
(iii) What is the total lift force generated by the helicopter rotors?                    
                                                                                                              (2 marks) 
(iv)  The ropes attaching the payload to the helicopter now break. Calculate  

the vertical acceleration of the helicopter if the upward force from the 
rotor blades remains unchanged. 

(2 marks) 

F 
 
θ  
                        45 N  
 
 
 
 
 
   40 N 
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QUESTION 5.                   (12 marks) 
 
(a)  A ball of mass 50 kg is dropped onto a floor and its velocity recorded at 

various points of its motion. The data is plotted in the graph below. 
 
 

(i)  What is the velocity of the ball just before it hits the floor? 
(1 mark) 

(ii) Calculate the momentum of the ball just before it hits the floor. 
(2 marks) 

(iii) Calculate the momentum of the ball just as it leaves contact 
with the floor after the first bounce. 

(2 marks) 
(iv)  Calculate the change in momentum during the first bounce. 

(2 marks) 
(v)  Calculate the average resultant force that acts during the first 

bounce. 
                                (2 marks) 

 
(b)  A ball of mass 0.50 kg is fired horizontally from a projectile launcher while it 

is at rest on a frictionless track. The ball leaves the launcher with a speed of 
0.8 ms-1. 

 

(i)        Calculate the momentum of the ball as it leaves the launcher. 
(1 mark) 

(ii) If the launcher has a mass of 1.5 kg what is the recoil velocity 
of the launcher? 

(2 marks) 
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QUESTION 6.                    (12 marks) 
 
(a)  A person stands on the top of a cliff and throws a small stone at 40 ms-1 as 

shown in the diagram below. (ignore air resistance.) 

 
 
 

(i)  Show that the initial vertical component of the motion is        
35 ms-1. (correct to two significant figures) 

(2 marks) 
(ii) Calculate the time taken to reach the highest point of the 

motion. 
(2 marks) 

(iii) Calculate the maximum height above the level of the cliff it 
reaches. 

(3 marks) 
 
 
The small stone hits the water 9 seconds after it is thrown 
 
  Calculate the: 
 

(iv)   initial horizontal component of the motion. 
(1 mark) 

(v)  The total horizontal distance travelled. 
(2 marks) 

(vi) The height of the cliff. 
(3 marks) 
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QUESTION 7.                    (12 marks) 
 
(a)  A ball of mass 6 kg is travelling at 2 ms-1 when it rolls over a ledge as shown 

below. The surface from A to B is frictionless. 
 

 
(i)        Calculate the loss in gravitational potential energy as it travels 

from A  to B. 
(2 marks) 

(ii) Calculate the kinetic energy at B. 
(2 marks) 

(iii) Use your answer to (ii) to calculate the velocity at B . 
(2 marks) 

The ball slows down evenly from B  to C  and stops in 10 metres. 
(iv)  What is the work done by the frictional force? 

(1 mark) 
(v)  Calculate the size of the frictional force. 

(2 marks) 
 
 

 
(b)  An electric motor is used to lift a load of 500 N through a vertical height of     

4 m in 10 seconds. 
 

(i)  Calculate the power output of the motor. 
(2 marks) 

(ii) Explain why the power input to the motor must be more than 
the power output of the motor. 

(1 mark) 
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QUESTION 8.                   (12 marks) 
 
(a)  A flask with a cork in it contains air at a pressure of 90 kPa and a temperature 

of 27o C The flask is heated and the cork is forced out when the pressure in 
the flask is 129 kPa. 

 
(i)  Explain why the pressure in the flask increases when 

the flask is heated. 
(2 marks) 

(ii) Calculate the temperature of the air in the flask when 
the cork is forced out. 

(2 marks) 
(iii) With the flask still at the higher temperature the cork is 

re-inserted and the flask cooled to 27o C. Explain why 
the cork is difficult to pull out. 

(2 marks) 
 

 
(b)  Here is some information you will need to answer the questions below. 
 

specific latent heat of vaporisation of water is 2.5 MJ kg-1 
specific heat capacity of water is 4 200 J kg-1 Co-1 
 

 
Seni is a marathon runner. She takes 3 hours to run a marathon. During the 
race she loses heat due to evaporation at the rate of 600 W. 
 

(iv)  Show that in 3 hours she will loses 6 500 000 J of heat. 
(1 mark) 

(v)  Calculate the amount of water lost due to evaporation.  
(2 marks) 

 
When marathon runners  finish a race they are wrapped up in bags to stop 
them cooling too quickly. When Seni finishes her race her body will still be 
losing heat a rate of 1 000 W (600 W due to evaporation and 400 W due to 
other processes) but she will only be producing it at 100 W.  
 
If this was allowed to happen for 10 minutes 
 

(i)  show that she will lose 540 000 J of energy. 
(1 mark) 

(ii) Calculate her loss in temperature if her mass is 60 kg.  
(2 marks) 
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QUESTION 9.                   (12 marks) 
 
 The circuit diagram was set up to investigate voltages and current. 
 

 
 
 
  Calculate: 
 

(i)  the voltage across the 4 ohm resistor, V1. 
(2 marks) 

(ii) the current through the 3 ohm resistor, I1. 
(2 marks) 

(iii) the current through the 6 ohm resistor, I.2. 
(2 marks) 

(iv)  the voltage across the 6 ohm resistor, V2. 
(2 marks) 

(v)  the voltage of the battery, V. 
(2 marks) 

(vi) What is the power output of the resistor with the 
lowest power output? 

(2 marks) 
 
 
 
 
 
 
 
 
 
 



 12 

 
QUESTION 10.                  (12 marks) 
 
(a)  The diagrams below show a current in a wire. 

 
(i)  On the diagrams in your Answer Booklet show the 

directions of the magnetic field around the wire. 
(2 marks) 

 
 
 

(b)  Two coils are wound around an iron core as shown below. 
 
 

 
 

What, if anything, will be observed on the meter (on the right) if: 
 

(i)  a constant direct current is passed through coil X? 
(1 mark) 

(ii) the constant direct current is switched on and then off again? 
(2 marks) 
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(c)  A conducting rod makes contact with 2 metal rails that are 50 cm apart in a 

uniform magnetic field of magnetic field strength 0.2 T. 
 

The voltage of the battery is 12 volts. 
 

 
When the switch is closed 
 

(i)  calculate the current in the conducting rod. 
(2 marks) 

(ii) What is the direction of the current in the rod? 
(1 mark) 

(iii) In what direction will the rod move? 
(1 mark) 

(iv)  calculate the maximum possible speed of the rod  
(3 marks) 

 



 14 

SECTION B   - (48 marks) 
 

The answers are to be written on the grid on the last page  
of the Answer Booklet 

 
 

Question 1. When light travels through a triangular prism blue light bends more 
than red light. This property of light is called 

  
A. refraction         
B. dispersion 
C. diffraction 
D. interference. 

 
Question 2. An electromagnetic wave has a frequency of 300 kHz. In which part of 

the electromagnetic spectrum does the wave occur? (The speed of light 
is 3 x 108 ms-1). 

 
A. visible (400 - 700 nm) 
B. radio waves (1m - 1 km) 
C. microwaves (1 mm - 10 cm) 
D. radar (10 cm - 1 m) 

 
Question 3.  A student making notes on the property of waves wrote down the 

following definitions. 
  
 I  The frequency of a wave is the number of waves that pass a  

  given point each second. 
II  The wavelength of a wave is the distance between two   
              adjacent identical points on a wave 
III  The wave amplitude is the distance from the crest of the wave     
              to the trough of the wave. 
 
Which of these statements is correct?  
 
A.  I and II only,   B.  I and III only. 
C.  II and III only.  D.  I, II and III. 

 
Question 4. A beam of light emerges from an  
  underwater spotlight  in a pool. 
                     . What is the relative refractive index              
 of the water in the pool?  
 
 A. O.74 B. 0.88 
 C. 1.13 D. 1.35 
 
 
 
 

 
 
 
 
                                   60o 
          air 
        water     500 
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Question 5. The lines in the diagram represent wave crests travelling from 
substance I to substance II 

 
 
 
    Substance I 
 
 
 
 
    Substance II 
 

Which of the following is correct? 
 

                       

refraction speed of wave greatest in
A. towards normal I
B. towards normal II
C. away from normal I
D. away from normal II  

 
Use the following information for question 6 and 7. 

 
 Two vectors are represented 

by the arrows on the right. 
 
       a       b 
 

Here are four possible resultants. 
 
 
  
 
 
           I         II           III  IV 
 
 
 
Question 6. Which is the resultant when the two vectors are added.  
 

A.          I   B. II C. III D. IV  
 
 

 
           Question 7. Which is the resultant when vector b is subtracted from vector a? 

 
A.          I   B. II C. III D. IV  
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Question 8.  A ball is launched horizontally from P, the top of a cliff. It hits the sea 

at T some time later. P, Q, R and S are the positions of the ball at equal 
time intervals. (Ignore air resistance.) 

 

 Which of the following set of vectors represents the acceleration of the 
ball at Q, R and S? 

 
 A.                         B.                       C.                        D. 
 
 
    
Question 9. As a bullet enters water its speed reduces to 0.1 of its previous value. 

The ratio of the kinetic energy of the bullet before hitting the water to 
its kinetic energy after hitting the water is: 

 
 A.    0.01   B.    0.1 C.    10            D.   100  
 
Question 10. A beam is placed on a pivot at C with forces at A, B, D, and E as 

shown. 
 
 
  2 m       3m             4m  2m 
         
 10 N         10 N   5 N           2 N 
           C 
 A          B            D         E 
 
 To stop the beam turning a 12 N force should be placed 
 
 A. between A and B  B. between B and C 
 C. between C and D  D. between D and E. 
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The following information refers to questions 11 and 12 
 
 An object is travelling in a 
 horizontal circle at constant  
 speed. 
 
 
 
 
 
 
 
 
Question 11.  When the object is at P which arrow best shows the direction of 

the acceleration of the object? 
 
 A.  B  C.   D.    
 
 
 
Question 12.  When the object is at P which arrow best shows the direction of 

the unbalanced force on the object? 
 
 A.  B  C.   D.             
      
 
 
Question 13.     A force is applied to a spring to compress it. Which of the 

graphs below shows how the compression (x) depends on the 
force applied (F)? (if the compression is small.) 

 
                                 F                       F          F         F 
 
 
                                                      x        x        x       x 
 
     A.        B.        C.        D. 
 
Question 14. A long spring has a spring force constant of 50 Nm-1.. It has 

already been stretched 10 cm from its unstretched length. What 
is the work done to stretch it another 10 cm? 

 
 A.  0.25 J   B.  0.75 J    C.  1 J   D.  5 J 

 
 
                                                    v  
                                                         
 

                                            > P  
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Question 15. Two large masses of 5 tonnes and 10 tonnes are 5 m apart            
 

5 tonnes    10 tonnes 
 
 
 
     5 metres 
 

What happens to the force of attraction if the distance between them increases 
to 10 metres? 

 
 A. It is one quarter the original .  B. It is one half the original. 
 C It is twice the original.  D.  It is four times the    
                        original. 
 
 The following information refers to questions 16 and 17. 
 

The following are four different arrangements of resistors. All the resistors 
have a resistance of 6 ohms 

 
 
 
 
 
                               I                                          II 
 
 
 
 
 
                 III     IV 
 
Question 16. Which combination of resistors has the highest resistance? 
 
  A.   I                B.  II                  C.  III                    D.  IV 
 
Question 17. Which combination of resistors has a total resistance of 6 ohms? 
 
  A.   I                B.  II                  C.  III                    D.  IV 
 
Question 18.  Which of the following changes in particle energy occurs when a 
liquid is boiling. 
 

potential energy kinetic energy 
 

   A increases  increases 
   B increases  stays the same 
   C decreases  increases 
   D decreases  stays the same. 
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Question 19. Which row best shows the relative magnitude of the spacing between 

solids, liquids and gases? 
 
   solids  liquids  gases 
 
  A    1     5     1 000 
  B     1     1     1 
  C    1     1     1 000 
  D    1     1 000     1 000 
 
Question 20. In which one of the following is convection likely to be the main 

method of heat transfer? 
 

A. Food being cooked in a microwave oven. 
B. Energy from the sun reaching the Earth.  
C. Heating a wire with a soldering iron. 
D. Food being cooked over an electric grill. 

 
Question 21.  A current carrying conductor is placed between the poles of a U-

shaped magnet. 
 
 
 
       S     S                       N 
 
 
 
 
 If the current flow is in the direction of the arrow, in which direction 

will the conductor move? 
 

A. Towards N, the north pole of the magnet. 
B. Towards S, the south pole of the magnet. 
C. Into the page.  (and perpendicular to it.) 
D. Out of the page.  (and perpendicular to it.) 

 
Question 22. A positive charge is fired into a uniform 
  magnetic field  as in the diagram on the  
  right. 
 
                       What is the shape of the path while the  
  charge is in the field? 
 
  A. parabolic.  B.  linear. 
  C. circular.  D. elliptical. 
 
 
 
 

           X            X          X 
 

+ 
         X            X           X 
 
 
 
          X             X           X 
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Question 23. What is the direction of the magnetic force on the positive charge the 

instant it enters the field? 
 
 A.       B                        C                   D. 
 
 
 
Question 24. Two long parallel wires are separated by a distance of 50 cm. They 

each carry current of 5 amperes as shown below. 
 
 
 
               5 amperes 
 
     50 cm 
 
               
               5 amperes 
 
 What is the size and direction of the force acting on each metre of the 

bottom wire 
 
                   A.  10-7 attraction  B. 10-7 repulsion.  C.  10-5 attraction,  D. 10-5 repulsion. 
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SECTION C. 
 

YOU ARE TO DO ONLY ONE QUESTION IN THIS SECTION. 
CHOOSE THE OPTION THAT YOU HAVE STUDIED. 

 
Option A.   Electrostatics, the Atom and Radioactivity.               (32 marks) 
 
(a)  A rod is charged positively by rubbing and is brought near to an electroscope 

as below. 

 
Collapsible metal leaves. 

(i)  Explain how the rod can become positively charged by rubbing.     
                               (2 marks) 

(ii) What is observed as the rod is brought near the electroscope? 
(1 mark) 

(iii) Explain why this takes place.                                        (2 marks) 
 
(iv)  On some days it is difficult to charge the rod by rubbing. 

Explain why.                       (1 mark) 
 
(b)  A high voltage supply is connected to an electrode and a copper ring. These 

are then dipped into a Petri dish containing oil with small seeds sprinkled on 
the surface of the oil. 

 
 



 22 

(i)  Draw a diagram to show the shape and direction of the electric 
field produced in the oil.             (3 marks) 

 
(ii) The polarity of the electrode and the ring is now reversed. 

How does the field change?        (1 mark) 
 

(iii) Describe how the apparatus could be altered to produce a 
parallel field.          (1 mark) 

 
(c)  A charge of 2 x 10-6 coulombs is placed midway between two oppositely 

charged plates as shown below. The plates are 50 cm apart. 

(i)  Calculate the strength of the electric field in Vm-1.     (2 marks) 
 
(ii) Calculate the force acting on the charge.      (2 marks) 

 
(iii) Calculate the work done on the charge to shift it from the 

bottom plate to the top plate.        (2 marks) 
 
(d)  The diagram below shows how a radioactive source can be used to monitor 

the thickness of paper in a rolling mill. 
 

(i)  Explain how the radioactive source can be used to indicate 
when the paper is thinner than required.            (2 marks) 

 
(ii) An engineer suggested that the process should use a gamma 

source to monitor the thickness of the paper. Would a gamma 
source be suitable? Give a reason.                 (2 marks) 
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(iii) Should the process use a radio isotope with a long half life or a 

short half life?            (1 mark) 
 
Option A.   Multiple choice.           (2 marks each) 
 
Question 1. Energy is released 
 

A. in nuclear fusion but not in nuclear fission 
B. in nuclear fission but not in nuclear fusion. 
C. in neither nuclear fusion nor in nuclear fission. 
D. in both nuclear fusion and nuclear fission. 

 
Question 2. In a famous experiment particles were fired at an oxygen nucleus and a 

nitrogen and a hydrogen nucleus were produced as in the equation 
below. 

   X  +  7N                            8H   +   1H 
 
  Particle X is 
 

A. an alpha particle.  B.  a beta particle.  C. a proton  D.  a neutron. 
 
Question 3. When a piece of clean zinc is placed on a negatively charged 

electroscope in the sunlight the electroscope discharges. This is because the 
zinc emits 

 
  A.  photons.   B.  protons.     C.  electrons.  D.  isotopes? 
 
Question 4. Three statements about the ionising effects of radiation are written 

below. 
I. Alpha particles produce ionisation over a much shorter distance than 

either beta particles or gamma rays. 
II. Ionising radiation can either destroy or change the nature of living 

cells. 
III. Ionising radiation is easy to detect and can be used as a tracer in 

medical applications. 
 

Which of these statements is correct?  
 

A. I and II only.   B. I and III only. 
C. II and III only.   D. I, II and III. 

 
Question 5. Two charges are placed 20 cm apart in a vacuum. If the size of both 

charges is doubled and the distance between them increased to 40 cm 
then the force between them will be? 

 
 A. halved.    B. unchanged. 
 C.  doubled.   D. quadrupled. 
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Option B:  Boat Physics                    (32 marks) 
 

(a)  A large stone weighs 56 N. When it is placed in a tank of water (see below) of 
density  1 030 kgm-3 ( 1.03 g cm-3) the wa6ter level on side of the  tank rises 
by 5.75 cm. 

 

(i)  Calculate the volume of the water displaced by the stone. 
(2 marks) 

(ii) Calculate the mass of water displaced by the stone 
    (2 marks) 

(iii) If the acceleration of gravity is 10 ms-2 what is the weight of 
water displaced?                (1 marks) 

(iv)  Calculate the density of the stone. 
  (2 marks) 
 

(b)  A passenger ship and a barge are shown below. The centre of buoyancy, B, 
and the centre of gravity G, are shown for the passenger ship.  

Explain what is meant by 
 

(i) the centre of buoyancy.                  (1 mark) 
  

 (ii) the centre of gravity.       (1 mark) 
  

    (iii) Compared to the passenger ship where will the       
     centre of gravity of the barge be?  

(1 mark) 
        (iv) What will be the effect on the centre of gravity  

      of the passenger ship of more passengers   
 standing on the top deck?                       (1 mark) 
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(c)  A boat is anchored at low tide by a chain to a point on the bottom of the sea by 
a chain 10 metres long as in the diagram. 

 
   chain 

The boat is anchored in 7.5 metres of water at low tide and the anchor point is 
0.5 metres above sea level. 
 

(i)  Calculate the angle, θ , between the sea floor and the anchor. 
(2 marks) 

(ii) If the tide rises 1.0 metres what is the size of angle θ? 
(2 marks) 

(iii) Explain what might happen to a boat anchored as above. 
(2 marks) 

 
 
 
(d)  The pulley shown below is being used to lift a weight of 1 tonne. ( 10 000 N) 

 
(i)  What force, F, is required to lift the weight?          (1 mark) 
 
(ii) Calculate the work is done to lift the weight 2 metres?   

(2 marks) 
(iii) How far does the end of the rope move to lift the weight 2 

metres?            (1 mark) 
 
(iv)  What is the mechanical advantage of this pulley system? 

(1 mark) 
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Option B:  Multiple Choice.             (2 marks each) 
 
Question 1. Below are three statements about the forces on the hull of a boat. 
 

I. When a boat is stable the centre of buoyancy and the centre of gravity 
are in line. 

II When a boat lists to the right there is a righting couple to return the 
boatto its upright position. 

III. When a boat rolls to the right there is a shift of the centre of buoyancy 
to the right. 

 
Which of the following are correct? 
 
A.  I and II only.   B. II and III only 
C. I and III only   D. I, II and III. 
 

Question 2. A boat can travel in still water at a speed of 5 knots. There is a current 
of 2 knots form the west. The boat is steered so that its resultant course 
is north. 

Which of the following gives the correct course steered and headway speed? 
 
    Course steered  headway speed (knots) 
  A  N 22o W   4.6 
  B  N 22o E   4.6 
  C  N 22o W   5.4 
  D  N 22o E   5.4 

 
Question 3. A boat can travel at 3.5 knots. At this speed approximately how long 

will it take to travel 3.5 kilometres. 
 
 A. 0.5 hours  B. 1.0 hours.   C. 1.5 hours.    D. 2.0 hours  
 
Question 4. Water gets into the petrol tank of an outboard motor. What will happen 

to the water? 
 
 A.  It reacts with the petrol.  B. It mixes with the petrol.  

C.  It stays on top of the petrol. D. It sinks beneath the petrol. 
 
Question 5. Which of the following statements about sails is NOT correct? 
 

A. The forward component of the force on the sail provides 
headway. 

B. The sideways component on the sail provides leeway.  
C. The resulting force on the sail is parallel to the surface. 
D. The sail produces an effect similar to that of the wing of a 

plane.  
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Option C:   Motor Vehicle Physics.                  (32 marks) 
 
(a)  A petrol engine repeats the same sequence of four strokes. 

(i)   Copy and complete the following table to show the sequence of 
events during the four strokes.      (4 marks) 

  (ii)  At what moment does the spark plug ignite the fuel?    (1 mark) 
 

(iii) Why is it important that the fuel and air are well mixed? 
(1 mark) 

(iv) Petrol is a mixture of compounds most of which contain 
hydrocarbons. Name two substances likely to be produced 
when a petrol engine is operating.                          (2 marks) 

 
(b)  A diesel engine has the same working parts as a petrol engine but there are 

some differences. Some of these differences are given in the table below. 

 
(i)        In both types of engine the pressure of the gas mixture in the     
           cylinder increases as the piston moves upwards. Explain why. 

(2 marks) 
(ii) What is meant by the term "compression ratio"? 

(1 mark) 
(iii) What is one important difference between the structure of the 

two engines? Explain this difference. 
(2 marks) 

(iv) What is meant by saying that the petrol is 24% efficient? 
(1 mark) 

 (v) Explain what happens to the other 76% 
(1 mark) 
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(c) Below is a diagram of the hydraulic braking system in a car. 

 
(i)  Calculate the area of the plunger in the master cylinder. 

(2 marks) 
The driver pushes the brake pedal so that it exerts a force of 250 N on the 
master piston. 
 

(ii) Calculate the pressure the driver exerts on the master cylinder. 
(2 marks) 

(iii) What is the pressure exerted at each side of the large disc? 
(1 mark) 

(iv)  Calculate the force exerted on the large disc by one of the 
slave pistons. 

(2 marks) 
 

Option C:   Multiple choice             (2 marks each) 
 
Question 1.  What is the main purpose of the carburettor in a motor vehicle? 
 

A. To mix the petrol and oil. 
B. To mix the petrol; and air. 
C. To ignite the fuel mixture. 
D. To cool the engine. 

 
Question 2. What is the main reason that water is used as a coolant in engines? 
 

A. It is a good conductor of heat. 
B. It is a bad conductor of heat. 
C. It has a low heat capacity. 
D. It has a high heat capacity.  

 
Question 3. What is the purpose of the distributor in a four cylinder engine? 
 

A. To control the power output of the engine. 
B. To supply fuel to each cylinder in turn 
C. To supply voltage to each spark plug in turn 
D. To recharge the battery.  
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Question 4. Approximately what voltage is required to make the spark in a spark 
plug? 

 
 A.  12  . B.  100 V C.  230 V D.  25 000 V 
 
Question 5.  A 12 V battery has an internal resistance of 0.01 ohms. What is the 

maximum current available from the battery? 
 
 A. 1.2 A B. 12 A C.  120 A D  1 200 A  
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Option D.: Energy Extraction Systems.                 (32 marks) 
 
(a)  Wind power is a common form of power in some countries. Air has a density 

of about 1.2 kg m-3. 
 

(i)  Show that at a wind speed of 10 ms-1 480 kg s-1 will hit sails of 
area 40 m2.           (2 marks) 

 
(ii) Calculate the kinetic energy transferred each second from the 

wind to the sails.          (2 marks) 
 

(iii) If the windmill has an efficiency of 50% what power is 
produced by the windmill?          (1 mark) 

 
(iv)  How many such windmills would be needed to produce       

100 MW? (which is the energy supplied by a typical power 
station)           (2 marks) 

 
(v)  What would be a major problem if windmills were to be used 

to produce a significant amount of the energy required by a 
country?              (1 mark) 

 
 
 
 
(b)  Hydroelectricity depends on water falling from a height and having its 

gravitational potential energy transformed to kinetic energy. This kinetic 
energy then causes a turbine to rotate and to produce electricity at a generator. 

 
(i)  Calculate the gravitational potential energy of 1 kg of water at a 

height of 100 metres above a turbine.                (2 marks) 
 
(ii) What is the kinetic energy of 1 kg of water falling through 100 

metres and striking the turbine blades? (Ignore air resistance.) 
(1 mark) 

(iii) What mass of water has to hit the turbine each second if the 
generator produces 50 MJ of energy? (Assume that 80% of the 
kinetic energy is transformed into electricity.)     

(3 marks) 
(iv)  Why is this form of energy production not suitable for most 

Pacific Islands?           (1 mark) 
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(c)  The diagram below shows a typical flat plate solar collector that might be used 
for domestic purposes. 

 
(i)  Both the tube through which the water flows and the plate 

behind the tubing are painted black. Explain why. 
(1 mark) 

(ii) Why is there insulation behind the absorber plate? 
(1 mark) 

(iii) What do you think is the purpose of the glass cover? 
(1 mark) 

(iv)  What is a disadvantage of relying on solar power as a source of 
energy? 

(1 mark) 
(v)  What is one advantage of using solar energy as a power source? 

(1 mark) 
(vi) Over a year on a Pacific Island the solar energy received 

averages out at 200Wm-2. How great a surface area of solar 
plate would be needed for an energy output of 1 kW if the 
process is 80% efficient? 

(2 marks) 
 
Option D:  Multiple Choice.              (2 marks each) 
 
Question 1. The following are various quantities associated with a wave. 
 
  I. wavelength. II. amplitude. III. velocity 
 
  Which of the above determines the total energy held by a wave? 
 
  A. I and II only.   B.   II and III only. 
  C. II and III only.   D.  I, II and III. 
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Question 2. The following are statements about what happens in a nuclear power 
plant. 

 
 I The moderator slows down fast neutrons. 

II.  The control rods absorb neutrons. 
III. In a fission reaction the mass of the products is always less than 

that of the reactants. 
 

Which of the above is true? 
 
A. I and II only.   B.   II and III only. 

  C. II and III only.   D.  I, II and III. 
 
Question 3. A proposal that could alter our dependence on fossil fuel is to use 

electricity to obtain hydrogen from water. The hydrogen is then used to 
fuel vehicles. The efficiency of electrolysis is 70%. A hydrogen engine 
has an efficiency of 40%. 

 
The overall efficiency is? 
 
A. 28%      B.      30% C. 58%  D.     110%  

 
Question 4. What is the fuel that is produced from sugar? 
 
  A. methane.   B. alcohol. 
  C. acetone.   D. octane. 
 
Question 5. The OETC scheme relies on which of the following facts? 
 

A. The ocean is cooler on the surface than at depth.  
B. The ocean is warmer on the surface than at depth. 
C. The temperature of the ocean does not vary with depth. 
D. The ocean temperature changes during the year. 
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Option E: Electronics.                     (32 marks) 
 
(a)  A student builds a full wave rectifier using four diodes as below. 
 

Unfortunately when an AC signal is supplied, smoke appears and two of the 
diodes melt. 

(i)  Which two diodes will melt?         (1 mark) 
(ii) Explain why they melt.               (1 mark) 
(iii) Redraw the circuit correctly.        (2 marks) 

     When the circuit is corrected the input voltage is supplied as shown below. 

(iv)  Draw a graph of the voltage across RL for the correct circuit. 
(assume a peak value of 12V)        (2 marks) 
 

(v) If a capacitor is then connected in parallel with RL draw a graph 
of the voltage across RL. (Assume a ripple voltage of 1 volt)
         (2 marks) 

(b)  The circuit below is set up to investigate the charging of a capacitor. 

(i) What is the maximum voltage recorded on the voltmeter if the 
battery voltage is 6 volts?      (2 marks) 

(ii) Sketch a graph showing how the voltage across the capacitor 
varies with time.                (2 marks) 

(iii) What is meant by the term "time constant"?       (1 mark) 
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(c)  The circuit below uses a thermistor as a temperature sensor. A thermistor is a 
component whose resistance changes as the temperature changes. 

 
Some information about the thermistor is recorded in the table 
 
 At 25oC the resistance of the thermistor is 5 000 ohms 

At 200oC the resistance of the thermistor is 200 ohms 
    hFE is 300 
 

 

  
  
 At 250C (i)  What is the voltage from X to Y?      (1 mark) 
 

(ii) Show that the voltage across the 39 kΩ is 0.4 volts. 
(2 marks) 

   (iii) Calculate the base current.              (1 mark) 
 

(iv) Show that the current through the light is approximately 
3 mA.         (2 marks) 

  
When the temperature increases to 200oC 
 
  (v) Calculate the voltage from X to Y.       (1 mark) 
 
  (vi) Calculate the current through the light.   (2 marks) 
 

(vii) What happens to the lamp as the thermistor temperature 
increases?         (1 mark) 

 
Option E:  Multiple Choice               (2 marks each) 
 
Question 1 Which of the following statements about a diode is NOT true? 
 

A. It allows current in only one direction. 
B. It does not operate until a certain voltage is applied across it. 
C. It is made of 100% pure silicon or germanium. 
D. It can be reverse biased to restrict current through it. 
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Question 2. The following are three statements about logic gates. 
 

I. The three basic logic gates are AND, ON and OFF. 
II. The combination of a NOT gate and an AND gate is called a 

NAND gate. 
III. The figure 1 in a truth table corresponds to a high voltage. 

 
Which of the above is correct? 
 
 A.  I and II only.   B. I and III only. 
 C. II and III only.   D. I, II and III. 
 

Question 3. A 1 MΩ  resistance is placed in series with a 10 volt battery of internal 
resistance 0.1 Ω. What is the current in the circuit? 

 
 A.  1 µA      B.  10 µA           C.  1 mA          D. 10 mA 
 
 The following information refers to questions 4 and 5. 
 
 The trace below was recorded on a CRO. Each space is 1 cm  x  1 cm. 
 

 
  The Y (vertical gain) is 2 V cm-1 and the time base is 0.1 ms cm-1. 
  
Question 4. What is the maximum voltage recorded? 
 
 A.   2.5 V   B.   5.0 V     C.   10 V       D.   25 V 
 
Question 5.  What is the frequency of the supply? 
 
 A.   1 Hz   B.    100 Hz      C.   1 000 Hz     D.   10 000 Hz   
 
 


