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 2 

1 A micrometer is used to measure the diameter of a uniform wire. 
 

 
 
What is done to obtain an accurate measurement? 

  
 A Make the micrometer horizontal and then use the scales to find the reading. 
 B Subtract the main-scale reading from the thimble-scale reading. 
 C Subtract the thimble-scale reading from the main-scale reading. 
 D Use the scales to find the reading and add or subtract any zero error. 
 

2 Two forces P and Q act at a point O as shown below. The angle between their lines of action is 
varied between 30° and 150°. 
 

 
 
If R is the resultant force acting on O, which statement about R is correct?  

  
 A R is always greater in magnitude than either P or Q. 
 B R is always smaller in magnitude than either P or Q. 
 C R is never in the same direction as either P or Q.  
 D R can be equal to the sum of the magnitudes of P and Q. 
 

3 Which statement about the motion of an object is not correct? 
  
 A An object can have a constant speed but a varying velocity. 
 B An object can have a constant velocity but a varying speed. 
 C An object has no acceleration if it is moving with a uniform velocity. 
 D An object with zero velocity can have acceleration. 
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4 Two experiments were conducted to examine the change of velocity as a ball fall, 
 

(1) through air and 
(2) through an evacuated tube which has most of the air in it removed. 

 
Which graph shows how the velocity of the ball changes with time in these cases? 

  
 

 
 

5 A metal ball of weight 3.0 N is held below the surface of oil. 
 
It experiences an upwards force of 0.30 N. 
 

 
 
When the ball is released, what is its initial acceleration? 

  
 A 1.0 m/s2 B 9.0 m/s2 C 10 m/s2 D 11 m/s2 
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6 The diagram shows a box being moved up by a force, F, on a rough inclined plane. F is parallel 
to the inclined plane.  
 

 
 
Which diagram correctly shows all the forces acting on the block? 

  
 

 
 

7 A metal ball is attached to a cork and is lowered into a measuring cylinder, pulling the cork into 
the water, as shown. 
 

 
 

The mass of the cork is 4.8 g. 
 
What is the density of the cork? 

  
 A 0.15 g/cm3 B 0.20 g/cm3 C 0.60 g/cm3 D 5.0 g/cm3 
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8 A cube of side 10 cm is attached to a rotating axle through the centre as shown. 
 

 
 

A 1.0 kg sphere is raised as the axle is rotated in an anti-clockwise direction. 
 
What is the maximum moment due to the weight of the sphere about the centre of the axle? 

  
 A 0.50 Nm B 0.71 Nm C 1.00 Nm D 1.40 Nm 
 

9 The diagram shows a decoration, which is made by suspending objects P, Q and R and light 
rods M and N. Both the rods are horizontal. 
 

 
 
Which row gives a possible combination of the masses P, Q and R? 

  
  mass of P / g mass of Q / g mass of R / g  
 A 10 10 10  
 B 15 10 10  
 C 15 20 10  
 D 20 40 20  
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10 The diagram shows a hydraulic pump. 
 

 
 
Which statement is true? 

  
 A The force F is equal to the weight of the load. 
 B The force F is greater than the weight of the load. 
 C The pressure on piston P is equal to the pressure on piston Q. 
 D The pressure on piston P is greater than the pressure on piston Q. 
 

11 The diagram shows two vessels filled with oil of density 880 kg/m3. The height of fluid in the 
vessels is 11 m.  
 

 
 

What is the ratio of the liquid pressure at P to that at Q? 
  
 A 1 : 2 B 3 : 4 C 5 : 3 D 5 : 8 
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12 A boulder of weight 400 N is pushed up a slope at constant speed with a force of 300 N as 
shown.  
 

 
 
What is the work done against friction in pushing the boulder up the slope? 

  
 A 950 J B 1000 J C 1800 J D 1950 J 
 

13 Four different electric motors are used to lift loads vertically. 
 
Under normal operating circumstances, the power outputs of the motors are shown in the table 
below. 
 
Which electric motor has the highest efficiency? 

  
 

motor 
power output (W)  

 sound mechanical heat  
 A 5 25 30  
 B 5 35 20  
 C 10 30 20  
 D 10 40 10  
 

14 The graph shows the total energy transferred by an electric motor over a period of time. 
 
In which region of the graph is the greatest power being developed by the motor? 
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15 A mass of gas is trapped inside a cylinder by a moving piston. 
 

 
 
As the piston moves in, the volume of the gas decreases but the temperature stays the same. 
 
Which row correctly explains the effect on gas pressure? 

  
  pressure reason  
 A decreases the molecules have less room to move in the cylinder  
 B decreases the molecules move more slowly between collisions  
 C increases the molecules collide more frequently with the piston  
 D unchanged the temperature of the gas is constant  
 

16 The diagram shows a diver 20 m below the surface of a lake. The total pressure at this depth is 
3.0 × 105 Pa. 
 

 
 

An air bubble has a volume of 0.60 cm3 as it leaves the diver. It rises to the surface of the lake 
where the pressure is 1.0 × 105 Pa. The temperature of the air in the bubble remains constant. 
 
What is the volume of the air bubble at the surface of the lake? 

  
 A 0.20 cm3 B 0.60 cm3 C 1.8 cm3 D 2.4 cm3 
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17 Small smoke particles suspended in air are viewed through a microscope. 
 
The smoke particles move randomly. 
 
What can be concluded from this observation? 

  
 A The air consists of fast-moving molecules. 
 B The pressure of the air is increasing. 
 C The temperature of the air is increasing. 
 D There are convection currents in the air. 
 

18 A silver cup is filled with boiling water from a kettle. 
 
A man touches the outside surface of the cup and finds that it is extremely hot. 
 
Which statement explains why the surface is extremely hot? 

  
 A Convection takes place in the boiling water. 
 B Silver is a good conductor of heat. 
 C The boiling water gives out latent heat. 
 D The shiny surface is a good emitter of infra-red radiation. 
 

19 Which statement about ice point and steam point is true? 
  
 A Ice point is the process of pure ice melting. 
 B Ice point is the temperature at which pure water freezes. 
 C Steam point is the standard atmospheric pressure at which pure water boils. 
 D Steam point is the temperature at which pure water evaporates. 
 

20 The electrical resistance of a metal varies linearly with temperature.  
 
A wire’s resistance at 0 °C and 28 °C is 25 Ω and 38 Ω respectively.  
 
What is the resistance of the wire at 100 °C? 

  
 A 28 Ω B 46 Ω C 71 Ω D 152 Ω 
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21 Some of the liquid in a dish evaporates, as shown in the diagrams. 
 

 
 

Which row best describes the energy states of the molecules? 
  
  molecules that 

leave have 
molecules in the liquid have 

greater average kinetic energy 
 

 A high energy before evaporation  
 B high energy after evaporation  
 C low energy before evaporation  
 D low energy after evaporation  
 

22 The diagram shows a ripple tank with a sloping base. A vibrating dipper is used to create waves 
on the surface of the water.  
 

 
 

Which wave pattern can be seen on the screen below the ripple tank? 
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23 The two graphs shown below refer to the same wave. 
 

 
 
What is the speed of the wave? 

  
 A 0.30 m/s B 1.2 m/s C 150 m/s D 300 m/s 
 

24 Three objects P, Q and R are viewed through a plane mirror as shown in the diagram.  
 

 
 
When an obstacle is moved towards the mirror, which object disappears first and which object 
disappears last in the mirror? 

  
  disappears first disappears last  
 A P Q  
 B P R  
 C R Q  
 D R P  
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25 An object is viewed through a converging lens. 
 
The diagram shows the paths of two rays from the top of the object to an eye. 
 

 
 
How does the image compare with the object? 

  
 A It is larger and inverted. B It is larger and upright. 
 C It is smaller and inverted. D It is smaller and upright. 
 

26 The diagrams show oscilloscope traces of sounds picked up by microphones. 
 
The oscilloscope controls are set in the same position for all the traces. 
 
Which trace shows the sound that is both loud and low-pitched? 

  
 

 
 

27 An inflated balloon which has been rubbed against a person’s hair remains attracted to a neutral 
metallic board after touching it. 
 
Which diagram best represents the charge distribution on the balloon and metallic board? 

  
 A B C D 
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28 The base of a cloud is negatively charged. 
 

 
 
The cloud is over a metal mast as shown. 
 
Which row describes the charge induced at the top of the mast and how it is produced? 

  
  charge at the 

top of the mast 
charge at the  

top of mast is produced by 
 

 A negative electrons moving to the top of the mast  
 B negative protons moving to the bottom of the mast  
 C positive electrons moving to the bottom of the mast  
 D positive protons moving to the top of the mast  
 

29 During a single lightning flash, 20 C of charge travels between a cloud and the earth in 0.020 s, 
across an average potential difference of 2.0 × 107 V.   
 
How much energy is converted during the flash? 

  
 A 1.0 × 10-6 J B 1.0 × 106 J C 4.0 × 108 J D 2.0 × 1010 J 
 

30 The diagram shows a circuit containing five resistors connected to a battery. 
 
In which resistor is the current the smallest? 
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31 In the circuit below, the ammeter reads 0.40 A and the voltmeter reads 4.5 V. 
 

 
 
What is the current flowing through resistor R? 

  
 A 0.40 A B 0.60 A C 0.80 A D 1.2 A 
 

32 A thermistor and a light-dependent resistor (LDR) are connected in series. A potential difference 
(p.d.) of 6.0 V is applied across them as shown. 
 

 
 

The thermistor has a resistance of 6000 Ω in a cold room and 1000 Ω in a warm room. The LDR 
has a resistance of 2000 Ω in dim light and 500 Ω in bright light. 
 
When is the p.d. across the LDR equal to 2.0 V? 

  
 A in a cold room with bright light B in a cold room with dim light 
 C in a warm room with bright light D in a warm room with dim light 
 

 

 

 

 

 

 

 

A 

2.0 Ω 4.0 Ω 

R 

V 
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33 The graph shows the I-V characteristics of a certain conductor. 
 

 
 

Which statement about this conductor is true? 
  
 A Its current decreases when the potential difference across it increases.  
 B Its resistance decreases when the current flowing through it increases.  
 C Its resistance increases when the current flowing through it increases.  
 D Its resistance remains constant when the current flowing through it increases.  
 

34 A combined bathroom unit of a heater and a lamp is controlled by one switch. The unit contains 
a 2.0 kW heater and a 100 W lamp. 
 
In one week, the lamp uses 2.0 kWh of electrical energy. 
 
How much energy is used by the heater alone?   

  
 A 0.10 kWh B 4.0 kWh C 20 kWh D 40 kWh 
 

35 Which statement describes an example of induced magnetism? 
  
 A A bar magnet loses its magnetism if it is repeated dropped on the floor. 
 B A piece of soft iron is attracted to a bar magnet. 
 C A solenoid magnetizes a piece of soft iron inside it as the d.c. supply is switched on. 
 D Two like poles of magnets repel each other. 
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36 A student uses three small plotting compasses to investigate the magnetic field around a bar 
magnet. 
 
Which diagram shows the directions in which the compass needles point? 

  
 

 
 

37 The diagrams show a current-carrying wire with an arrow in the direction of the current. 
 
Which diagram shows the magnetic field produced by the current? 
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38 
 

A solenoid is placed in between a magnet and an iron nail that are freely suspended from the 
ceiling, as shown in the diagram. The magnet is then moved away from the solenoid.  
 

 
 

What is the direction of the current flowing through wire PQ and the direction that the iron nail 
moves when the magnet is moved away from the solenoid? 

  
  direction of current on PQ direction of movement of iron nail  
 A from Q to P towards solenoid  
 B from Q to P away from solenoid  
 C from P to Q towards solenoid  
 D from P to Q away from solenoid  
 

39 An alternating potential difference is applied to the Y-plates of a cathode-ray oscilloscope. The 
time-base is turned off. 
 
Which pattern appears on the cathode-ray oscilloscope screen? 
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40 A teacher builds the circuit as shown. 
 

 
 
The identical lamps X and Y are connected to a low voltage a.c. power supply by high resistance 
transmission wires. The lamps are switched on. 
 
Lamp X is then switched off.  
 
What happens to the voltage and power supplied to lamp Y? 

  
  the voltage supplied 

to lamp Y 
the power supplied 

to lamp Y 
 

 A decreases decreases  
 B decreases stays the same  
 C increases increases  
 D increases stays the same  
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Section A 
Answer all the questions in this section. 

1 Fig. 1.1 shows the distance-time graph for a train journey. 
  

 
 

Fig. 1.1 
  
 The train travels on a straight horizontal track and passes, without stopping, through stations A, 

B, C, D and E, as shown in Fig. 1.1. 
  
 (a) Using Fig. 1.1, 
  
  (i) determine the distance between stations B and D, 
    

 
distance = …………………… [1] 

  
  (ii) state between which two stations does the train have its lowest average speed, 
    

 
between station …………. and station …………. [1] 
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  (iii) calculate the average speed, in km/h, for the journey between A and E. 
    

 
 
 

 
average speed = …………………… km/h [2] 

  
 (b) After leaving station E, the train moves along the straight horizontal track with a constant 

speed of 40 m/s. The total force opposing the motion due to friction and air resistance is 
7.2 × 104 N. 

    
  (i) By considering the work done by the train’s engine in 1.0 s, calculate its output 

power. 
    

 
 
 

 
power = …………………… [2] 

    
  (ii) After some time, the train begins to travel up a slope. 

 
Explain why the power of the train’s engine must be increased to maintain the 
speed of 40 m/s. 

    
………………….……………..………..……...……………………………………………… 
 
………………….……………..………..……...……………………………………………… 
 
………………….……..……………………..………………………………………..…… [2] 
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2 During the launch of a rocket, hot exhaust gas is produced in the engine. The hot exhaust gas 
flows through the rocket and accelerates to the rear of the rocket as shown in Fig. 2.1.   
 

 
 

Fig. 2.1 
 

The total mass of the rocket is 1.5 × 106 kg and the rocket engine initially provides a thrust of  
6.0 × 107 N. Assume the gravitational field strength g to be 10 N/kg. 

   
 (a) Calculate the initial acceleration of the rocket as it is about to take off from the ground. 
   

 
 
 
 

acceleration = ……………………… [2] 
  
 (b) Using Newton’s third law, explain how the hot exhaust gas lifts the rocket above the 

surface of Earth. 
   

………………….……………..………...……...………...…………………………………………… 
 
………………….……………..………...……...………...…………………………………………… 
 
…………………………………….……………………………………………………………..… [2] 

  
 (c) In the early stages of the flight within the atmosphere of Earth, the acceleration of the 

rocket increases rapidly from the initial acceleration, even though the engine thrust remains 
roughly constant.  
 
Suggest a reason for this. 

   
………………….……..………..……………………………….…..………………………………… 
 
………………….……..………..……………………………….…..………………………………… 
 
………………………………………………………………….………………………………..… [2] 
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3 Fig. 3.1 shows a uniform rod of wood suspended from a pivot. 
 

 
 

Fig. 3.1 
 

The rod is held stationary by a horizontal force F acting as shown.  
 
The mass of the rod is 0.080 kg and the gravitational field strength g is 10 N/kg. 
 
Calculate 

  
 (a) the moment of W about the pivot, 
   

 
 
 

 
moment of W = …………………… [3] 

   
 (b) the force F. 
   

 
 
 

 
force F = …………………… [1] 

   
 (c) The angle between the rod and the vertical is increased. 

 
Explain whether the force F needed to hold the rod stationary must be increased, 
decreased or remained the same. 

   
………………….……..………..……........................……………………………………………… 
 
………………….……..………..……........................……………………………………………… 
 
……………………………………………………………………….…………………………..… [2] 
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4 Fig. 4.1 shows a tube full of mercury placed upside down in a dish of mercury. Initially a small 
piece of glass closes the open end of the tube. 
 
The piece of glass is removed and the level of mercury in the inverted tube falls, as shown in 
Fig. 4.2. 
 

 
 

                                               Fig. 4.1                                     Fig. 4.2 
   
 (a) Explain why the level of mercury in the tube falls. 
   

………………….……..………..……........................……………………………………………… 
 
………………….……..………..……........................……………………………………………… 
 
………………….……..………..……........................……………………………………………… 
 
………………………………………………………………….………………………………..… [2] 

   
 (b) Describe how the tube of mercury in Fig. 4.2 is used to determine a value for the 

atmospheric pressure in pascals (Pa). You may draw on Fig. 4.2 if you wish. 
   

………………….……..………..……........................……………………………………………… 
 
………………….……..………..……........................……………………………………………… 
 
………………….……..………..……........................……………………………………………… 
 
………………….……..………..……........................……………………………………………… 
 
………………………………………………............…………………………………………..… [3] 
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5 An object is placed in front of a thin converging lens and a real image is formed on the opposite 
side of the lens. The object distance is varied and the image distance is measured.  
 
Fig. 5.1 shows how the image distance varies with the object distance.  
 

 
 

Fig. 5.1 
   
 (a) Determine the focal length of the converging lens from Fig. 5.1.   
   

 
 
 

focal length = ……………………… [1] 
   
 (b) Fig. 5.2 shows an incomplete full-scale ray diagram.  

 

  
 

Fig. 5.2 
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Using your answer in (a), complete Fig. 5.2 for the object by 
  
  (i) continuing the two rays, 
  
  (ii) drawing the image formed, 
  
  (iii) and marking the position of the focal point F. 

[3] 
   
6 A car is fitted with a parking system that warns the driver as to how close objects are behind the 

car.  
 
Equipment on the rear bumper of the car transmits sound waves through the air towards the wall 
and receives the reflected waves, as shown in Fig. 6.1. 
 

 
 

Fig. 6.1 
   
 (a) Describe how the sound waves travel through the air from the car to the wall. 
   

………………….……..………..………………..........……………………………………………… 
 
………………….……..………..………………..........……………………………………………… 
 
………………………………………………….………………………………………………..… [2] 

   
 (b) For the parking system to work properly, the object must not be too near or too far from the 

rear bumper.  
 
A sensor in the parking system detects the time delay between the transmitted sound wave 
and the reflected wave. The sensor can only detect time delay between 3.0 ms to 10 ms.   
 
Calculate the minimum distance an object can be from the rear bumper. Take the speed of 
sound in air to be 340 m/s. 

   
 
 
 
 

distance = ……………………… [3] 
   

 
 

wall 

transmitted 
waves 

reflected 
waves 
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7 Fig. 7.1 shows an electrostatic generator used to produce sparks. 
 

 
 

Fig. 7.1 
 
The moving belt carries negative charges to the dome. Before a spark is produced, the 
discharge ball becomes positively charged. 

   
 (a) Describe and explain the movement of negative charges in the discharge ball as the ball 

becomes positively charged. 
   

………………….……..………..……............……………………………………..………………… 
 
………………….……..………..……............……………………………………..………………… 
 
………………….……..………..……............……………………………………..………………… 
 
……………………………………………………………………….…………………………..… [2] 

   
 (b) On Fig. 7.1, use a cross (X) to mark the point where there are the most positive charges on 

the discharge ball.                                                                                                               [1] 
   
 (c) When there are enough negative charges on the dome, a spark jumps between the dome 

and the discharge ball. A charge of 1.6 μC flows in a time of 0.0012 s.  
 
Calculate the spark current.  

   
 
 
 
 

current = ……………………… [2] 
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8 Two identical metal rods X and Y are connected to a resistor R and a d.c power supply. Each 
rod passes through a hole in a card, which is horizontal, as shown in Fig. 8.1. 
 

 
 

Fig. 8.1 
 
There is an electric current flowing downwards in each rod. 

   
 (a) Fig. 8.2 shows the view, from above, of the card. The two circles are the holes in the card. 

 
On Fig. 8.2, draw the pattern of the magnetic field around, and between, the two holes. 
Mark the direction of the magnetic field line on your pattern.                                              [2] 
 

 
 

Fig. 8.2 
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 (b) The d.c power supply has a voltage of 9.0 V and the resistance of R is 10 Ω. The current 
flowing through R is 0.50 A. 
 
Calculate 

  
  (i) the effective resistance of the circuit, 
    

 
 
 

effective resistance = …………………… [2] 
   
  (ii) the resistance of one metal rod. 
    

 
 
 

resistance = …………………… [2] 
   
9 A washing machine is working normally with the motor switched on. The washing machine is 

connected to the mains supply by a cable.  
 
Under normal operating condition, the current in the live wire in the cable is 13 A. 

   
 (a) State the size of the current in 
   
  (i) the neutral wire, 
    

 
current = …………………… [1] 

   
  (ii) the earth wire. 
    

 
current = …………………… [1] 

   
 (b) The insulation on the mains cable is now damaged and, as the washing machine vibrates, 

the live wire touches the metal casing. 
 
Explain how the earth wire and the fuse can together prevent a user from getting electric 
shock. 

   
………………………………………………....……………………………………………………… 
 
………………………………………………....……………………………………………………… 
 
………………………………………………....……………………………………………………… 
 
………………………………..…………………………….……………………………………… [3] 
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Section B 
Answer all the questions in this section. 

Answer only one of the two alternative questions in Question 12. 
 
10 Fig. 10.1 shows a flowmeter that measures the volume of oil passing through a pipe.  

 

 
 

Fig. 10.1 
 
Twenty identical magnets are spaced equally around the turbine wheel. As oil flows, the turbine 
wheel rotates around the axis as shown and an electromotive force (e.m.f) is generated across 
the detector coil.  
 
The detector coil is connected to the primary coil of a step-up transformer, as shown in Fig. 10.2, 
to amplify the voltage signal. The signal is then displayed on a cathode ray oscilloscope (c.r.o). 
 

 
 

Fig. 10.2 
 
Table 10.1 shows the data for two different oil flowrates. Some values are missing from the 
table. 

 
Table 10.1 

 
Oil flowrate 

(cm3/s) 
Time taken for turbine to 

complete one spin (s) 
Transformer readings 

A1 (A) V1 (V) A2 (A) V2 (V) 
10 2.0 4.0 6.0 1.6 12.0 
20 1.0 4.0  1.6  
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 (a) Explain why an alternating e.m.f is induced in the detector coil. 
   

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

   
 (b) (i) Using information in Table 10.1, draw a graph to show how the induced e.m.f in the 

primary coil varies with time when a magnet moves past the detector coil at a 
flowrate of 10 cm3/s. Label the necessary values clearly on the graph.                    [2]  

    
  

 
    
  (ii) State how the graph for a flowrate of 20 cm3/s differs from your answer in (b)(i). 
    

………………….……………..………..………………………………...…………………… 
 
………………….……………..………..………………………………...…………………… 
 
………………….……..………………..……………………………………………..…… [2] 

    
 (c) Calculate the turns ratio of the transformer. 
   

 
 
 
 

ratio = ……………………… [2] 
   
 (d) Hence or otherwise, determine the missing values of V1 and V2 in Table 10.1. 
   

 
 

                                                                                               V1 = ………………………     
 

V2 = ……………………… [1] 
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11 A small electrical heater placed at the bottom of a beaker is used to heat water. 
 
Fig. 11.1 shows how the temperature varies for 30 minutes after the heater is turned on. 

   

 
Fig. 11.1 

    
 (a) (i) Describe how heat is distributed throughout the water inside the beaker. 
    

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

    
  (ii) State how the motion and arrangement of the water molecules changes when the 

temperature increases. 
    

………………….……..………..………………………...…………………………………… 
  
………………….……..………..………………………...…………………………………… 
 
………………….……..……………………..………………………………………..…… [2] 
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 (b) (i) Using Fig. 11.1, determine the initial rate of rise in temperature, giving your answer 
in °C/min. 

    
 
 
 

 
rate of rise in temperature = …………………… °C/min [1] 

    
  (ii) The heater provides a constant amount of energy per minute to the water. The mass 

of water in the beaker is 125 g. The specific heat capacity of water in 4.2 J/(g°C).  
 
Using your answer in (b)(i), calculate the energy supplied to the water per minute.  

    
 
 
 

 
energy supplied per minute = …………………… [2] 

   
 (c) After 25 minutes the temperature has stopped rising, even though heat is still supplied at 

the same rate to the water. 
 
Explain why. 

   
………………………………………….……...……………………………………………………… 
 
………………………………………….……...……………………………………………………… 
 
………………………………………….……...……………………………………………………… 
 
…………………………………………………….……………………………………………..… [2] 
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12 EITHER 
   
 (a) The arrangement shown in Fig. 12.1 is used to measure the length of the day (i.e. the 

length of time during which the daylight is above a certain brightness).  
 

 
 

Fig. 12.1 
 

A trace is drawn on the paper that is moved continuously using rollers. 
  
  (i) Name the device P (in full). 
    

………………….……..……………..………………………………………………..…… [1] 
   
  (ii) Explain why the pen will begin to draw a trace on the paper when light starts to fall 

on P. 
    

………………….……..………..……...……………………………………………………… 
 
………………….……..………..……...……………………………………………………… 
 
………………….……..………..……...……………………………………………………… 
 
………………….……..………..……...……………………………………………………… 
 
………………….……..……………..………………………………………………..…… [4] 
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 (b) Fig. 12.2 shows a rigid rectangular coil ABCD mounted on the axle XY which is 
perpendicular to the axis of the solenoid on its right. The coil is connected through slip 
rings and brushes to a battery in a circuit. 
 

 
 

Fig. 12.2 
  
  (i) On Fig. 12.2, label the magnetic poles of the solenoid.                                            [1] 
  
  (ii) Explain why the coil begins to rotate when current flows through the solenoid in the 

direction shown. 
    

………………….……..………..……...……………………………………………………… 
 
………………….……..………..……...……………………………………………………… 
 
………………….……..……………..………………………………………………..…… [2] 

   
  (iii) Explain why continuous rotation of the coil in one direction does not take place. 
    

………………….……..………..……...……………………………………………………… 
 
………………….……..………..……...……………………………………………………… 
 
………………….……..……………..………………………………………………..…… [2] 
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12 OR 
   
 Fig. 12.3 illustrates three ways in which different electromagnetic waves may be used to send 

television signals into a home. 
 

 
 

Fig. 12.3 
 

In satellite television, electromagnetic waves travel from a satellite to a dish aerial on the wall of 
the home.  
 
In cable television, light travel through optical fibres into the home. Optical fibres are made of 
glass. 
 
In terrestrial television, electromagnetic waves travel from a transmitter on Earth to an aerial in 
the home. 

   
 (a) State the region of the electromagnetic waves used in each of these systems. 
   

satellite: ………………………………………………….………………………………..…..….…..   
 
terrestrial: …………………….………………………………………………….………..…..….…..   

 
[1] 
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 (b) The electromagnetic waves used in the satellite has a wavelength of 6.6 cm.  
 
Calculate the frequency of the waves used. 

   
 
 

 
 

frequency = …………………… [2] 
   
 (c) Fig. 12.4 shows an optical fibre used in cable television.  
   
 

 
 
                         Fig. 12.4                                                                       Fig. 12.5 

   
  As thin as a human hair, an optical fibre has a central core made up of glass, with a thick 

outer cladding as its covering. 
 

If the optical fibre is kept mainly straight, light can travel great distances without losing 
much energy.  
 
When the fibre is bent too much, the light can escape from the glass as shown at the point 
X in Fig. 12.5. 

 
The angle of incidence  and refractive index  of a medium are related by the following 

 

 
 

where A and B are two different medium. 
 

Some information about the cladding and glass are as follows: 
 
Refractive index of cladding = 1.51 
Refractive index of glass = 1.69 
Angle of refraction in cladding at X = 52.7° 
Angle of incidence in glass at X = 45.2° 

www.KiasuExamPaper.com 
40



 20 

  (i) Define the term critical angle. 
    

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

    
  (ii) Using the given equation and information, calculate the critical angle of the glass 

and cladding boundary. 
    

 
 
 

 
critical angle = …………………… [2] 

    
  (iii) Hence, explain why the change in direction at point X cannot occur at point Y in  

Fig. 12.5. 
    

………………….……..………..……………...……………………………………………… 
 
………………….……..………..……...……………………………………………………… 
 
………………….……..……………..………………………………………………..…… [2] 

   
 (d) Sound waves are also used to transfer information. Unlike electromagnetic waves, they are 

longitudinal waves that cannot travel without a medium. 
 
State two other differences between sound waves and electromagnetic waves. 

   
………………………………………...…………………………………….………………………… 
 
………………………………………...…………………………………….………………………… 
 
………………………………………...…………………………………….………………………… 
 
………………………………………………………………………….………………………..… [2] 
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(ii) The magnetic field of the current-carrying
rectangular coil interacts with the magnetic field of 
the solenoid.
CD experiences an upward force and AB 
experiences a downward force to give a turning 
effect that rotates the coil.

1

1

(iii) When the coil rotates through 180°, the forces 
acting on either side of the coil reverses, causing
the moment acting on the coil about XY to reverse
direction.
Hence the coil will rotate back to its starting 
position.

1

1

12 OR
(a) Satellite: Microwaves   Terrestrial: Radio waves

(Both correct to award mark)
1

(b) v = fλ
f = v / λ = (3.0 × 108) / (0.066)

 = 4.5 × 109 Hz
1
1

(c) (i) The angle of incidence in the optically denser medium
for which the angle of refraction in the optically less
dense medium is 90°.

1

(ii) sin 90° / sin C = 1.69 / 1.51
  C = 63.3°

1
1

(iii) Light travels from the optically denser glass to the 
optically less dense cladding at both X and Y. 
However, at Y the angle of incidence is 69° which is 
larger than the critical angle of 63.3° and total 
internal reflection takes place (at X the angle of 
incidence is 45.2° which is smaller than the critical 
angle of 63.3° so refraction takes place)

1

1

(d) Any two from:
The speed of sound waves is much slower than 
electromagnetic waves.
The speed of sound increases when entering a denser 
medium whereas the speed of electromagnetic waves 
decreases when entering an optically denser medium.
Magnetic field (or electric field) is generated when 
electromagnetic waves travel but not for sound waves.
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2

Answer all questions on the optical mark sheet.

1 The light year is defined as the distance light travels in 1 year. There are 365 
days in 1 year.

Which of the following is the nearest estimate of 1 light year?

A 100 Gm B 1 000 Gm C 10 000 Gm D 10 000 000 Gm

2 The diagram below shows the reading on a micrometer screw gauge.

What is the reading on the micrometer screw gauge?

A 7.22 mm B 7.72 mm C 7.22 cm D 7.72 cm

3 A cube of mass 5.0 kg with sides 0.20 m long has a cube of sides 0.10 m cut from 
its corner as shown. 

What is the density of the remaining section of the cube?

A 25 kg/m3 B 547 kg/m3 C 625 kg/m3 D 714 kg/m3

4 A bullet is fired towards a nearby tree trunk with a speed of 200 m/s. The bullet is 
found at a depth of 0.05 m in the tree trunk.

What is the time taken by the tree to stop the bullet in its trunk?

A 5 x 10-2 s B 5 x 10-3 s C 5 x 10-4 s D 5 x 10-5 s
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3
5 The following graph shows the velocity-time graph of a body.

Which of the following graphs shows the correct displacement-time graph of the 
body?

A B
A

C D
B

6 A ball rolling across a field will slow down and eventually stop because

A inertia will cause all objects to remain in a state of rest.

B there is no net force acting on the ball.

C there is a force that acts in the direction opposite its motion.

D the ball has no energy since there is no work done on the ball.

7 A 2000 kg car travelling at a constant velocity of 25 m/s encounters a total 
resistive force of 50 kN. You may assume that there are no other horizontal 
forces acting on the car.

Which of these relationships describes the driving force F provided by the 
engine?

A F = 0 N B F < 50 kN C F = 50 kN D F > 50 kN
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4
8 A pellet of mass 50 mg is fired vertically upwards and reaches a height of 

1000 m.
The gravitational field strength g is 10 N/kg.

What is the total energy at the highest point?

A 0 J B 0.5 J C 500 J D 500 000 J

9 The diagram shows a bottle containing air, oil and sand.

More sand is added to the bottle. This affects the position of the centre of gravity 
of the bottle and its contents.

How might the centre of gravity move?

A from X towards W

B from W towards X

C from Y towards X

D from Y towards Z

10 A rectangular box of dimensions 4.0 m by 2.0 m by 3.0 m weighs 50 N. 

What is the minimum pressure it can exert on the surface it rests on?

A 2.1 Pa B 4.2 Pa C 6.3 Pa D 8.3 Pa

X

Y

Z

air

oil

sand

W
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5
11 The diagram shows the cross-section of a hydraulic jack. Piston K is supporting a 

weight of 80 N. The liquid in the hydraulic jack is not compressible.

Which of the following statements is correct?

A The force at piston L is 1600 N.

B Piston K will move a longer distance than piston L.

C The pressure at piston K and piston L is the same.

D The pressure at piston K is lower than at piston L.

12 A man lies on a bed of needles. The number of needles is doubled.

What row describes the change on force on the man and the pressure at the 
contact?

force on man pressure at contact

A doubled remains the same

B remains the same halved

C doubled doubled

D remains the same remains the same

liquidpiston L

80 N

piston K

area 40 cm3area 2 cm3
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13 Illuminated smoke particles, suspended in air, are viewed through a microscope.

They appear to move randomly. 

Which of the following best describes the conversion or transfer of energy that 
takes place?

A k kinetic energy of smoke particles

B p kinetic energy of smoke particles

C h kinetic energy of smoke particles

D l kinetic energy of smoke particles

14 Which of the following statements is true when the temperature of a solid is 
raised?

A The mass of the solid increases as the volume increases

B The molecules expand and the solid occupies a greater volume.

C The molecules in the solid start to slide past each other at a greater speed.

D Heat travels to all parts of the solid in the form of kinetic energy of the 
molecules.

15 A gas in the process of condensation.

Which of the following statements best describes what happen to the gas?

A It will take in heat in order to break the intermolecular forces.

B It will give off heat because intermolecular forces are forming.

C It will give off heat because its molecules are losing kinetic energy.

D It will not give off or take in any heat because there is no change in 
temperature.

16 Blowing across the surface of a bowl of hot soup will cause it to cool.

Which of the following statements best explains this observation?

A Convection cannot occur without blowing.

B Blowing across the surface allows more evaporation to take place.

C Blowing across the surface increases the surface area for radiation.

D Still air is a poor conductor of heat but moving air is good conductor of heat.
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7
17 The diagram shows a vacuum flask and an enlarged view of a section through the 

flask wall.

Which of the following best explains why the silvering is needed in reducing heat 
loss of the liquid in the flask?

A silver surfaces are poor absorbers of radiation

B silver surfaces are good absorbers of radiation

C silver surfaces are poor emitters of radiation

D silver surfaces are good emitters of radiation

18 In the experiment shown below, the amount of electrical energy used to melt 
some ice is measured using a joulemeter.

What is needed to find the specific latent heat of fusion?

A the final temperature of water

B the temperature change of ice

C the voltage of the electricity supply

D the mass of water produced by the melting ice

heater

ice joulemeter

electricity 
supply
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8
19 The diagram shows a graph of wave motion.

What information can you deduce from the graph?

A The amplitude of the wave is X.

B The amplitude of the wave is X/2.

C The period of the wave is Y.

D The period of the wave is Y/2.

20 A wave moves across the surface of the water in a ripple tank. In 1.0 minute, a 
wavefront moves 12 wavelengths. 

What is the frequency of the wave?

A 0.20 Hz B 2.5 Hz C 5.0 Hz D 12 Hz

21 The critical angle of a medium is 45o.

What is the refractive index of the medium?

A 0.71 B 1.00 C 1.33 D 1.41

displacement

distance
X

Y
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9
22 An object is placed 12 cm from a lens of focal length 8 cm. 

Which of the following best describes the property of the image?

A real, inverted, diminished

B real, inverted, magnified

C real, upright, magnified

D virtual, upright, diminished

23 The refractive index of water is 1.33. 

What is the speed of light in water?

A 7.5 x 107 m/s B 2.25 x 108 m/s C 3.00 x 108 m/s D 4.00 x 108 m/s

24 A boy shouts on a mountain and hears the echo from the nearest neighbouring
mountain after 2.0 s. The speed of sound in air is 300 m/s.

How far is the neighbouring mountain from the boy?

A 75 m B 150 m C 300 m D 600 m

25 The diagram shows a graph which describes a longitudinal wave, with right
defined as the positive direction. 

Which is a center of compression?
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26 Which of the following observation/s shows that an unknown material X is a 
magnet? 

I A current carrying wire is wound around X deflected a compass needle.

II A North pole of a permanent magnet will attract X.

III A South pole of a permanent magnet will repel X.

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

27 The diagram shows two charges placed near to each other.

In which direction will the electric field act?
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28 The diagram shows two insulated metal spheres P and Q touching each other. 
The following steps are carried out in succession on both spheres.

Step 1: Bring a positively charged rod near to sphere P on the left.

Step 2: Earth sphere Q momentarily.

Step 3: Separate sphere P and Q.

Step 4: Remove the positively charged rod.

What are the final charges on sphere P and Q?

charge on sphere P charge on sphere Q

A positive positive

B positive neutral

C negative neutral

D negative negative
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29 A resistor and a thermistor are connected in series with a cell, as shown.

The thermistor is exposed to high temperature, the readings on both ammeter 
and voltmeter change.

How do they change?

reading on ammeter reading on voltmeter

A decreases decreases

B decreases increases

C increases decreases

D increases increases
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30 Which graph shows the I / V characteristics for a semiconductor diode?

A B

C D

31 A wire has resistance R. Another wire has a length that is half as long with twice 
the diameter of the original wire. Both wires are made of the same material.

What is the resistance of the new wire?

A (R / 8) B (R / 4) C R D 2R 

32 A battery moves a charge of 60 C around a circuit in a time of 15 s. 

What is the current in the circuit?

A 900 A B 240 A C 4.0 A D 0.25 A
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33 A heater is marked 240 V, 1.2 kW. 

Which fuse rating is suitable for the heater?

A 5 A B 7 A C 12 A D 20 A

34 The cost of a unit (kWh) of electricity is 24 cents. 

What is the cost, to the nearest cent, to turn on a 0.5 kW computer for 30 
minutes?

A $ 0.06 B $ 3.60 C $ 21.60 D $ 60.00

35 A current of 4 A flows in the live wire of a socket when the appliance is 
functioning normally. 

Which of the following statements is true?

A A current of 4 A flows in the neutral wire.

B A current of 4 A flows in the earth wire.

C A current of less than 4 A flows in the neutral wire.

D A current of less than 4 A flows in the earth wire.

36 The electric light switch for a bathroom is sometimes fitted on wall outside the 
bathroom. 

Why is this safer than fitting the switch on the wall inside the bathroom?

A The heat from the light affects the switch.

B The switch is less likely to be damaged outside the bathroom.

C The warm air in the bathroom causes the switch to overheat.

D The person in the bathroom may be electrocuted if the user touches the 
switch with wet hands.

37 Which of the following statement best expains why a magnet will attract a piece of 
soft iron?

A The piece of soft iron becomes an induced magnet.

B The piece of soft iron becomes a temporary magnet.

C The piece of soft iron becomes a permanent magnet.

D An induced current will flow in the piece of soft iron.
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38 The diagram shows the direction of a beam of electrons passing through a 

magnetic field.

In which direction will the beam of electrons deflect?

A into the page

B out of the page

C up towards the top of the page

D down towards the bottom of the page

39 An a.c. input of 240 V is connected to the primary coil of an ideal transformer. The
output current is 6 A. 

Which of the following is a possible combination of the input current and output 
voltage?

input current output voltage

A 12 A 120 V

B 480 A 24 V

C 1 A 40 V

D 0 A 0 V

magnetic field

beam of electrons
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40 An ac generator produces an output voltage as shown in the diagram.

Which of the following best describes the changes if the generator is turned twice
as fast?

output voltage period

A doubles doubles

B halves doubles

C doubles halves

D unchanged doubles

        END OF PAPER
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SECTION A [ 50 marks ]
Answer all questions in this section. 

1 A car describes a linear motion represented by the graph shown in
Fig.1.1.

Fig. 1.1

(a) (i) Describe the motion of the car from t = 50 s to 90 s.

………………………………………………………………………..

………………………………………………………………………..

………………………………………………………………………..

……………………………………………………………………….. [2]

(ii) Calculate the deceleration of the car from t = 50 to 70 s.

deceleration = …………… [2]

(b) Calculate the total displacement of the car for the whole journey.

total displacement = …………… [2]
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(c) On Fig. 1.2, sketch the displacement-time graph for the car’s motion
from t = 0 s to t = 80 s. Indicate all relevant values on the graph.

Fig. 1.2 [2]

2 A uniform rod PQ of length 80.0 cm and weight 2.0 N is placed on the 
pivot as shown in Fig. 2.1 below. A spring balance is attached to the other 
end of the rod. A load of 8.0 N is placed 20.0 cm from the spring balance.

Fig. 2.1

(a) (i) Calculate T, the tension on the spring balance in order for the 
rod to balance horizontally.

tension, T = …………………. [2]

T, tension
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(ii) Calculate the magnitude of the reaction force on the pivot and
state the direction of the force.

direction : ………………………………

magnitude of force = …………………. [2]

(b) The 8.0 N weight is pushed horizontally towards point P. The rod 
remains horizontal throughout.

State and explain the change in the magnitude of T.

………………………………………………………………………………

………………………………………………………………………………

………………………………………………………………………………

……………………………………………………………………………… [2]

3 Fig. 3.1 shows a 0.50 kg ball sliding down a rough incline from position A 
which is 7.5 m above the ground with an initial speed of vo m/s. Friction 
along the incline produces 10.7 J of heat energy. The ball leaves the 
incline at position B moving vertically upward and reaches a height of 
13.0 m above the floor at position C.

Fig. 3.1

C

A

B

v0

7.5 m

13.0 m
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(a) State the principle of conservation of energy.

………………………………………………………………………………

……………………………………………………………………………… [1]

(b) (i) Calculate the gravitational potential energy of the ball at 
position C.

gravitational potential energy = …………………. [2]

(ii) Calculate the initial speed v0, at position A.

v0 = …………………. [2]

(c) State one assumption for your calculations in (b)(ii).

………………………………………………………………………………

……………………………………………………………………………… [1]

4 Fig.4.1 shows the top view of a fish tank. A light ray from the fish exits 
from the water into air as shown.

The diagram is drawn to scale.

Fig. 4.1

air water

fish

glass tank
X
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(a) (i) On Fig.4.1 measure the angle of incidence, i and the angle of
refraction, r .

i = ……………….….

r = …………….……. [1]

(ii) Calculate the refractive index of the water in the tank.

refractive index = …………………. [2]

(b) Explain why it is possible to see two images of the fish at position X.

………………………………………………………………………………

……………………………………………………………………………… [1]

5 Explain, in terms of the air molecules, how the air inside a car tyre exerts
a pressure on the walls of the tyre.

……………………………………………………………………………………...

……………………………………………………………………………………..

……………………………………………………………………………………..

…………………………………………………………………………………….. [2]
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charged metal dome in a Van de Graaf generator. The ball swings away 
from the positively charged metal dome and remains stationary at X.

Fig. 6.1

(a) Explain why the perspex ball moves away from the metal dome.

………………………………………………………………………………

………………………………………………………………………………

………………………………………………………………………………

……………………………………………………………………………… [2]

metal dome X

perspex ball
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(b) The perspex ball has a weight of 0.05 N.

Fig. 6.2 shows the instant where the ball is stationary at X. There is 
a horizontal electric force of 0.15 N acting to the right, tension T
along the string and the weight of the ball.

Fig. 6.2

By using a scale drawing, determine the tension T and the angle
that the string makes with the vertical. 

The gravitational field strength g is 10 N / kg.

T = ………………………..

= ……………………….. [4]

T

0.05 N

0.15 N

www.KiasuExamPaper.com 
72



© BGSS 2022                  [Turn Over

9 For 
examiner’s 
use7 (a) Fig. 7.1 shows an electric circuit powered by a 12.0 V battery of 

negligible internal resistance.

Fig. 7.1

When switch S is closed, calculate

(i) the total resistance of the circuit,

total resistance = …………………. [2]

(ii) the current flowing through the ammeter.

current = …………………. [2]

(b) Switch S is then opened. 
State the effect on the reading of the ammeter when the switch is 
opened.

………………………………………………………………………………

……………………………………………………………………………… [1]

12.0 V

4.0 3.0 

9.0 6.0 
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(c) Fig. 7.2 shows the same power source connected to a potential
divider consisting of an LDR and a resistor instead.
An LDR (light-emitting diode) is an input transducer whose 
resistance can change according to the amount of light falling on it.

Fig. 7.2

(i) Explain the term ‘input transducer’.

……………………………………………………………………….

………………………………………………………………………. [1]

(ii) Calculate the resistance of the LDR when the voltmeter reads
2.0 V.

resistance = …………………. [2]

10 k

12.0 V
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common materials connected to a 6.0 V battery.

Fig. 8.1

The ends of the coil are placed on large paper clips inserted into the cup.
When the power source is turned on, the coil is given a slight push and 
the coil begins to spin.

(a) (i) Explain why the coil is given a slight push.

……………………………………………………………………….

………………………………………………………………………. [1]

(ii) Explain why the coil starts to rotate.

……………………………………………………………………….

……………………………………………………………………….

……………………………………………………………………….

……………………………………………………………………….

………………………………………………………………………. [2]

(b) If a stronger power source is used, state its effect on the rotation of 
the coil.

………………………………………………………………………………

……………………………………………………………………………… [1]

6.0 V

paper clips

coil of wire mounted
on paper clips

magnet
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9 Fig. 9.1 shows the structure of a transformer which is used in the 
transmission of electrical power through the cables.

Fig. 9.1 Table 9.2

An engineer is assigned to build a step-down transformer for stepping 
down the voltage from 3.3 kV to 220 V in the substation of a housing
estate. He has the choice of using four types of coils with different number 
of turns as shown in Table 9.2 above.

(a) Based on Table 9.2, select the most suitable pair of coils for making 
the primary coil and secondary coil of the transformer.

Explain your choice.

………………………………………………………………………………

………………………………………………………………………………

………………………………………………………………………………

……………………………………………………………………………… [2]

(b) Assume that the transformer is 75 % efficient and the power output 
is 15 kW, calculate the current flowing in the primary coil.

resistance = …………………. [2]

(c) State and explain one feature that can improve the efficiency of this 
transformer. 

………………………………………………………………………………

………………………………………………………………………………

………………………………………………………………………………

……………………………………………………………………………… [2]

coil number of turns
J 50
K 100
L 1 000
M 1 500
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Answer all questions from this section.
Answer only one of the two alternative questions in Question 12.

10 (a) A heater was used to melt a pure substance X from its solid state 
until it reaches the gaseous state. Substance X was heated 
uniformly throughout the entire process. Fig. 10.1 shows the
temperature of X taken in intervals of 2 minutes.
You may assume that the heat supplied was constant and no heat 
was lost during the heating process.

time / min temperature / o C
0 25.0
2 35.0
4 45.0
6 45.0
8 45.0
10 60.0
12 75.0
14 90.0
16 90.0
18 90.0
20 90.0

Fig. 10.1

(i) On Fig. 10.2, draw the heating curve of pure substance X in 
the grid lines provided.

Fig. 10.2
[1]

temperature / oC

time / min
20.0

0
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(ii) Using the data from Fig. 10.1, determine the melting point and 
boiling point of substance X.

mass of substance X = 2 kg
power of heater used = 1 000 W

melting point = ………………….

boiling point = ………….………. [1]

(iii) Calculate the specific heat capacity of the solid X.

specific heat capacity = ………...……. J / kgoC [3]

(b) Fig. 10.3 below shows the cooling curve graphs of two pure liquids, Y 
and Z, of the same mass.

Fig. 10.3

(i) State why both liquids are losing thermal energy throughout 
the experiment.

……………………………………………………………………… [1]
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(ii) Which substance (Y or Z) has a greater specific heat capacity 
in the liquid state? 

Explain your answer clearly.

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

……………………………………………………………………… [2]

(iii) Which substance (Y or Z) has a greater specific latent heat of 
fusion? 

Explain your answer clearly.

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

……………………………………………………………………… [2]
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pedal to the braking discs of the wheel.

Fig. 11.1

A force is applied downwards on the brake pedal in order to slow down
the wheels of the car.

(a) Using Fig. 11.1, explain clearly how a force applied on piston P can 
create a larger force to slow down the wheels of the car.

………………………………………………………………………………

………………………………………………………………………………

………………………………………………………………………………

……………………………………………………………………………… [2]

(b) The surface area of piston P in contact with the brake fluid at the 
master cylinder is 5.0 x 10-4 m2 and the area of piston Q of the slave 
cylinder is 7.5 x 10-3 m2.

(i) Explain why the area of piston P is smaller than piston Q.

………………………………………………………………………

……………………………………………………………………… [1]
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(ii) Calculate the force exerted on Piston Q when a force of 120 N 
is exerted on the brake pedal.

force = …………………. [2]

(c) In order to ensure that the braking system functions properly, air 
cannot be trapped in the oil.

Explain clearly how trapped air in the oil can affect the performance 
of the hydraulic braking system.

………………………………………………………………………………

………………………………………………………………………………

………………………………………………………………………………

……………………………………………………………………………… [2]

(d) When the road is wet, a sudden hard braking when the car is 
moving at a high speed can cause the wheels to stop rotating 
instantly and the car will skid.

(i) Explain why a fast moving car skids on the wet road when the 
brake is suddenly pressed very hard and the wheels stop 
rotating.

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

……………………………………………………………………… [2]
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(ii) To reduce the possibility of a car skidding on a wet surface, 
the wheels of the car have specially designed threads as 
shown in Fig.11.2. Suggest how these threads are able to 
reduce the chances of the car skidding on a wet surface.

Fig. 11.2

………………………………………………………………………

……………………………………………………………………… [1]
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EITHER

12 (a) Fig. 12.1 shows an object AB near a thin converging lens. The 
principal foci of the lens are at F and F’.

Fig. 12.1

(i) By means of an accurate drawing, draw rays to find the 
positions of the images of the points A and B. [2]

(ii) If object AB is gradually brought closer to the converging lens 
until a distance less than one focal length, describe clearly the 
changes to the image of AB.

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

……………………………………………………………………… [2]

(b) Fig. 12.2 shows a scaled drawing of an object PQ and its image 
P’Q’ after passing through a thin converging lens. P’Q’ is a virtual 
image.

With the aid of drawing light rays on the diagram, find the focal 
length of the converging lens.

Fig. 12.2

focal length = ………………
[2]

A

B

FF’

P’

Q’

P

Q
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(c) Light rays passing into an eyeball undergo two refractions; once as
they pass through the cornea and another as they pass through the 
lens of the eye. Fig.12.3 shows how light rays pass through the 
eyeball and the image of an object is formed in front of the retina for 
an individual with short-sightedness.

Fig. 12.3

(i) One way to correct short-sightedness is to use a pair of 
spectacles. Which type of spectacle lens (converging or 
diverging) would be suitable to correct short-sightedness? 

Explain your answer clearly.

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

……………………………………………………………………… [2]

(ii) Another method to correct short-sightedness is by performing 
a ‘lasik surgery’ which removes a small portion of tissue in the 
cornea to make the cornea less rounded.

Fig. 12.4

Suggest how the less-rounded cornea in front of the eye’s 
lens can help to correct short-sightedness.

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

……………………………………………………………………… [2]

cornea
lens

retina

image formed in 
front of the retina

light rays

less-rounded cornea
lens
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12 (a) Fig. 12.4 shows a solenoid with an alternating current (a.c) supply 
coiled around a soft iron core. An aluminium ring is placed through 
the soft iron and rests on the solenoid. When the a.c supply is 
turned on, the ring ‘floats’ above the solenoid as shown in Fig. 12.5.

Fig. 12.4 Fig. 12.5

(i) Explain clearly why the aluminium ring ‘floats’ when the a.c
supply is turned on.

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

……………………………………………………………………… [3]

(ii) If the a.c supply is now replaced by a d.c supply, state what 
will be observed after the supply is turned on.

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

……………………………………………………………………… [1]

Soft iron core

solenoid

aluminium ring

switch
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(iii) The solenoid has an a.c supply but the aluminium ring is 
replaced with a ‘C’-shaped ring instead as shown in Fig. 12.6. 
When the supply is turned on, the C-shaped ring does not 
‘float’ upwards but continued to remain at rest on the solenoid 
instead. 

Fig. 12.6

Explain why this happens.

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

……………………………………………………………………… [2]

(b) Fig.12.7 shows a simple a.c generator which has a frequency of 60 Hz 
and peak voltage 12 V.

Fig. 12.7

connected to load

carbon brushes

axle of rotation

slip rings

N S
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(i) Sketch the graph of the voltage produced against time for two 
complete cycles below. The position of the coil at time = 0 s is as 
shown in Fig. 12.7.

[2]

(ii) If the speed of rotation of the coil is reduced, sketch the new 
graph of the voltage produced on the same axis above. 

Label this new graph with (ii).
[1]

(iii) Explain the difference in amplitude between the graphs for 
b(i) and b(ii).

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………

………………………………………………………………………
[1]

            END OF PAPER

voltage

time0
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This produces a force pushing the bottom coil near the bottom tape
which turns the coil.
This causes the conducting enameled copper wire to rotate. 1 m

8b The coil will rotate faster. 1 m 1 m

9a Comparing the voltages of primary coil to secondary coil:
Step down ratio 
= 3 300 : 220
= 15 : 1

Hence the coils must be step down to the same ratio of 15 : 1
Comparing the turn ratio
i.e Coil M : Coil K 
= 1 500 : 100
= 15 : 1

1 m

1 m 

2 m

9b Input power = 100 / 75 x 15 kW 
= 20 kW

I = P / V
= 20 000 / 3 300

= 6.1 A

1 m

1 m

2 m

9c Feature

Explaination

(Any one)

Laminating the iron core reduces the power loss due to heat
produced by induced current in the core itself.

Using low resistance (primary and secondary) coils will minimize the
amount of heat produced in the coils.

To increase the magnetic flux linkage between the primary and
secondary coils by using a soft magnetic material (iron core) to link

1 m

1 m

2 me

xplaiiiaiaiaiaaiaaaiaiaaaaaaaaaaaiaaainannaaaan tittt on

(AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAnynynyyyynyyynynyynyyyyyyyyyyyyyynyyyyyyyy one))))))

LaLaLaLaLaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaamimimmimimimimimmmmimmimmmimmmimimimmmmimiimimmmmmmmmmmmm nananananannnananannananannnnanannannnannanananannnnnnannaanaaaaaaaaaaaaaatititittititititttttitttitititittttittingngngngngngngnngngngnngngnngngngngnnngngnngnnnnnnnggggggggggggg tttttttttttttttttttttttttttttthehhhhhhhhhh iiiiroroorororooorororororororrorrooroooooooroooooooroooooor nnnnnnnnnnnnnnnnnnnnnnnnnn cocococoocooccorerrrrrrrrrrrrrrrrrrrrrrrrr  reeeeeeeeeedududududuududududududududududududududuududuuuuuududuccecececececececeeeecececeececcceceecccccecccccccc s thhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeee popppppppppppppppp
prprprprroddodddodododddddddddddducuuuu ed by innnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnndududdududududududududududdudududududduddudduuuuuceccececceccececececcecececcccecececececcecececececececcecccececeeeeeeceeeeed dddd d dddddddddddddddd dddd dddddddddddddddddddd currenenenennnnnnnnnnnnnt ttttttttttttttttttttttttttt in ttttttttttttttttttthehehehehehehehehehehehehehehehehehehheheheheheheheheeheheheehehehhheheh co

ing lolllololoooloolololll wwww w w wwww rerrrerrereresiiiiiiiiiisissiiststststststststsstststsstststsststststststststtsstssttststsststssssssss anceecceeceeeeeeeeeeeeececeeceeeeeeeee ((((((((((((((((((((((((((((((((prpprprppprprpprprprprprprpprprprpprppppppp imary an
nt ooooof ffffff f f f heheheheheheheeehhhhhhhhhhhh aaaaaat ppppppprorooroorooooroororoororororororororororooroorodudududududududududuudududududududududududdudududududdududuced in th

e thhhhhhheeeeeeeeeeeeeeeeeeeeee magneti
ils by us

e same ee ee eeeeee eee eee ee e ee rararararararararararararararrararararararrr titititittititititititttttitititiooooooooooooooooooooo oofoo  15 : 1
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SECTION B (30 marks)  

QN Answer Sub-
marks

Marks

10ai

All plots are correct. 1 m

1 m

10aii melting point = 45 oC
boiling point = 90 oC 

1 m 1 m

10aiii Heat supplied by heater = P x t
= 1000 x 4 x 60
= 240 000 J

Heat supplied by heater = Energy gained by solid X
240 000 = mc T 
240 000 = 2 c (45 – 25)
c = 6000 J/kg oC 

1 m

1 m

1 m

3 m

10bi The room temperature is lower than the liquids, thermal energy flows from 
liquids to the surroundings. 

1 m 1 m

10bii Substance Y
When subjected to the same cooling condition, the fall in temperature for
substance Y is slower than substance Z. 
This indicates that a higher amount of energy needs to be lost by
substance Y compared to Z for the same amount of fall in temperature.

1 m

1 m

2 m

10biii Substance Z
For the same mass, same period of time,
Substance Z takes a longer time to change state indicating that higher 
amount of latent heat needs to be lost by Z compared to Y to change from 
liquid to solid state. 

1 m

1 m

2 m

tancccccccceeeeeeeeeeeeee Y
subjeeeeeeeeeecttcttctttctttcttctttttttctctttttededededededededeedededededededeedededeeededeeedeeedee tttto the sa

Y isisisisissssssss slower t
s that a

m

ThThThThThe eeee rorrrrr ommmmmmmmmmmommoommmomommmmmmmmmmm ttttttttttttttttttttttttttttememememememememememememememeemmememmemememmmememeemememememeeeememmmmmme pepepepepeepepepepepepeppepeppeppepppppepeppepepepepeppppepeeeeeeerararararararararaaarararararararraraarararaaraaarraaaar tttttutttt re iiiiiiis ss s s s s sss s ssssssssssssssss lololololololollolololllolloolololoooloollollol wer rrrrrr r rrr rrrr rrrrrrrr thththththththththththhthththththtthhthththththththththhhththhthhthhthhaaaanaaaaaaaaaaaaaaaa

= 45454555555555455455554555555455455454545454554545545 ooCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
nt = 99999999999999999999999999999999999999999990000000000000000000000000000000000000000000 oC 

upplplplplplplplplpp ieieieieieieieieieieiieiiieieeeieeeeeeeeeeeeeeeeddddddddddddddd by heateeeeeeeeeeeeeeeeeer r = PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP xxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx t
000 xxxxxx 444444 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 666666666666600000000000000000000000000

24444444440 0000000000000000000000000000 JJJJJ

HeHHHHHHHHHHH at sssssssupupppupuuuu plpppp ieddddddddddddddddddddddddddddddddddddddddd bybybybybybybbybbybybbbybybybbybybbbbbbbbbbbbbbybybybbbbyy heater rrr ====================== EEEEEEEEnEEEEEEEEEE ergy gaiiaiaiaiaiaiainennnnnnn dddddddddddddddddd byybyybybybyyybyybybybybyybyybyybyb sssssssssssssssssssssssssssssssololololololoooloooollooolololloooooooo id
2424444424224442444242444444444444444444444440 00000000 ======= mmmmcm TTT TTTTTTTTTTTTTTTTTTTTTTTTTTTT
2424444444424244242444442444444444444444444444440 000 = 2222222 ccccccccccccc (45 ––––––– 252252225525252525222222222225222222222 ))))))))
c ccc ===================== 606060606060666606060606060666606066666666666066060600000000000000000000000000000000000000000000000000000000000 JJJJJJJJJJJJJJJJJJJJJJJJJJJJJ/k/////////////////////////////////// g oC C CCCCC CCCCC C C CCCCCCCCCCCCCCCCCCCC

liquuuuuuuuididiididididdddddddddddssssssssssssssssss tototttooo ttttttttttttttttttttttthehhhhhhhhhhhhhhhhh ssssssssssssssssssssssssssssssssssssurrounnnnnnnnnnnnnnnnnnnnnndidididididdididididididididididdddidididddiddddddddd ngngngngngngngngngngnnnnngnngnngngngnggnnnn s. 
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11a A force exerted on the brake pedal acts on the surface area of Piston P in
contact with the oil in the master cylinder to create a pressure
This pressure in the oil is transmitted to all parts of the oil

Since oil is incompressible, this creates a force to slow down the wheels 
of the car.

1 m

1 m

2 m

11bi Since the pressure acting in the liquid is the same throughout,
A small area at Piston P would require a smaller force exerted to
produce a larger force at Piston Q.

1 m
1 m

11bii Force exerted on piston Q = (FP x AQ)/AP
= (120 x 7.5 x 10-3)/ 5.0 x 10-4

= 1800 N
1 m
1 m 

2 m

11c Since air is compressible,
pressure exerted at the master cylinder will not be fully transmitted to
the disc brakes 
resulting in an insufficient force to stop the revolution.

1 m

1 m

2 m

11di On a wet road, there is less friction between the wheels and the road.
When wheels suddenly stops turning, the forward force is greater than the
frictional force between the road and wheels causing the car to skid.

1 m

1 m

2 m

11dii The threads allows water the flow through them, increasing the friction 
between the car and the road surface to prevent skidding. 

1 m 1 m

Either
12ai 

Correct pair of rays from A to A’
Correct pair of rays from A to A’

1 m
1 m

1 m

12aii As the object is brought nearer to the lens towards one focal length 
distance,
image becomes magnified but remain inverted and real
When the object is less that one focal length distance from the lens, the
image becomes magnified, upright and virtual.

1 m

1 m

2 mb

ds

e

cylinder wwwwwwwwwwiiililililililililililililililillllllllllllll nnnnnonononoononnnnnonnononnnnnnnnnnnnonnnnnonnonnonnnnnotttttttttt ttttttttttt bbbbbebebebebebebebebebebebebbebbbebebebbebebbebeeebeeb  fullyyyyyyyyyyyyyyyyyyyyyy tttttttttttttttttttrararararararararararararararararraraaransnsnsnsnsnsnsnsnsnssnsnsnsnsnssnsnsnsnssmimmmmmmmmmmmmmmmmmmmmmm tted to

forccccceeeeeeeeeeeeeeeeeeee to ssssstotototototototoototoooooooooooooooooooootottooooooooooooooooppppppppppppppppppppppppppppppppppppppppppppppppppppppppp ththtttththththththththhhhthhthththtttttttthtttttthttttttthththhhe eeeee ee e e e eee eee ee e ee eeee eee rerererererrrrerererererereevvvvvvovvvovovovovovovooooolullulululuuuuuuuuutititititititititiiitititititititiitititionnnnnnnnnnnnnnnnnnnnnn. 1 m

is leeeeeeeeeeeeeeeeeeess frictioioioioion bebbbbbb tween the whwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhwwheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ls and ttttttttttttttttttttttthehehehehehehehehehehehehehehehheeehehehehehehheheheheheheeehhe rrrrrrrrrrrrrrrrrrroao d.
denlyy ssssstooooopspppp  turningnnngngngnngngngngngnggggggggggggggggggggggggg, the forward fffffofofoffffoffoffofofoffofoffff rcrcrcrcrcrcrcrcrcrcrcrcrcrcrcccrcrcrcrcrce is gggggggggggggggggggggggggggggggrererererererererererererererererererererrerererererrereataaaaaaaaaaaaaaaaaaaaaaaaa er than t

etweweweeweweweweeweeeweweweweeweweweweweweweeweweeewewewwwwwwwwwww enenneneneneneeneneneneneneneneeeneneenenneneneeenenennnennneneennnnn tttttttttttttttttttttttheheheee roaoaoaoaoad andddddddddddddddddddddddddddddddddd wwwwhwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww eeeels causiiingngngngngngngngngngngnggngngngngngngnnnggngn  thehhehheheeheeeeeeeeheeeeeeee ccccccccccccccccccccccccccccccccar to skid

allowswwwsssswswswswsssswwsssswsswswswwswwswswssswwwwswswwwwws wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwatatatatatatatatattattatatattattatatttatatatatataataaaaaaaataataaa erererereererererrrerrerrrrrrererrerrerrerrrrrreer ttttttttttttttttttttttttttheheheheheheehehhhhhhhhhhhhhhehhh fffffffffffffffffffffflow throoooooooooooooooooooooooooooooooooouguguguguguugugugugugugugugugggguguggugugguguguguguguugugguguguuggghhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh ththhhthththththhhhhthemeeeeeeeeeeeeeeee , incrcrrcrcrrrcrcrcrcrcrcrcrccc eaeaeaeaeaeaeaeaeaeeaeaaeaeaeaeaeaeaeeaeaeeaeaeeeeaee singggggggggggggggggggggggggggggg ththhththththhthththhthhhhhhthththhthhthhththtthht e f
n the car ananananannnnnanannnnnnnnnnnnnnnnndddddddddddddddddddddddd ddddd thththhthththhththththhhhtthhhhhthhthhtthtttttttttt e roaaaaddadaaadaaaaaaaaaaaaaaaaaaaaaaaaa surfaaaaaaaaaaaaaaacececececcecccecceccccececccccececcceeeeceece tttttttttttttttttttttttoooooooooooooooooooooooooooooooooo prprprprprprprprrprprprprprprprprprprrpppprprprprprpprprprprpppprprrpprrprrpprp eeeveeeeeeeeeeee ent t t tttt t t t ttttt skskskskskskskskskssksksksskskksksksksksksksskskskssskididididididididdiidididididiidididddi dingngngngngngngngngngngngngnggngngngngngngngngnngnggng.

t pairiirriiririiirir ooooooooooooooooooooooooooooooof fffffffffffffffffffffff rays fro
air of rays f
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12b

Correct line passing through top of object and image to locate position of
lens, Correct line from object to lens, combined with line
Focal length between 4.7 to 5.1 cm

1 m

1 m

2 m

12ci Diverging lens.
Diverging lens will spread the incoming rays before it reaches the lens
The more diverged rays entering the lens will be focused at a further
distance in the eye onto the retina

1 m

1 m

2 m

12cii When rays enter the less rounded cornea, it undergoes lesser
refraction/less converging
This causes the lesser refracted rays to be focused at a further distance in
the eye after passing through the lens.

1 m

1 m

2 m

OR
12ai 

When the supply is turned on, a changing magnetic field is produced
around the solenoid
The changing magnetic flux/magnetic field lines cutting the aluminium ring
induces an emf on the ring
By Lenz’s law, the induced emf on the ring is such that the magnetic field
induced around the aluminum ring opposes the magnetic field of the
solenoid that produced it
Like poles will exist between the aluminium ring and the solenoid
And repel the ring upwards since like poles repel

1 m

1 m

1 m

3 m

12aii The ring will move upwards momentarily and subsequently falls back
down and rest on top of the solenoid.

1 m 1 m

12aiii The C-shaped ring does not allow current to pass around the aluminium
continuously.
This does not allow any induced current, magnetic force/field to be
produced around the C-shaped ring. Hence the ring will remain at rest on 
the top part of the solenoid. 

1 m

1 m

2 mThe CCCCCCCCCCCCCCCCCCC-----shshhshshhhhshhss aapaaappededdededdddddededeeddddedededddddededddddddeddddedddddeddeeedddeee  ringgggggg dododododooodododododododoododododododoodododododododoodoododod eeeseeeseseeeeseeseseseeseeeeeeeeee  not allllllllllllllllllllllll o
ntinuououououooousssuusuusssussussuuu lylllylylylylyly.

does ss not alalalalalalalalallalallalalalalalalaalalllaaallololololololololololololololololololooooollolooooololooow wwwwwww any ind
d arororororoooounununununununununununuununuunununununununuuuuunuununddd the C-

ge to lo
witttttttttttthhhhhhhhhhhhhhh h hhhh lillilililillilililililililiilililililil nenenenenenenennenenenenenennenenneee

ng raysysysysysysyssyyyy bbbbbbbbbbefefefefefefefefefffororororororororoorororoororororrrooreeeeeeeeeeeeeeeeeee it reaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeeaeeaeaeaeachchchchchchchchchcchchchchchchchcccccchchesesesesesesss tttthe lens
he lens wwwwwwwwwwwwwwwwwwwwwwwwililillililiiliiiilii l llllllllll llll bbebbbbbebebebbbebebebbebeb fffffffoooooocooooooooooooooo usedededededededededededededededeedededeeee aaaaaaaaaaaaaaaaaaattttttttttt tttttt a further

na

oundddndddddddddndndnddddded cccccccoroooororororororooororooororroorrrorrrororrrorrororrorrorrrrrororrororrorororoororrooooo nnnenennenneeeeeeeeeeeeeenneenennenneeenneneeenneeeeeeeeeeneeeenneeea,a,a,aaa,aaaa,a,a,a,a,a,a,a,a,aaaaaaaaa,, iiiiiiiiiiiit tttttttt t t t t t t unuuuuuuunununuunununununununnnnnddddddeeeeeeeeeedeeeeeeeeeerrrrrgrgrrrrrrrrrrrrgrrrrgoeooooooooooooooooooooo s leeeeeeeeeeeeeeeeeeeeeesssssssssssssssssssssssssssssssssssssssssssseeeeeeeereeeeeeeeeeeeee
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ng thhhhhhhhhhhhhhrororrororougugugugugh the leeeeeeeeeeeeensnsnsnsnsnsnsnssnssssnssnsnssssnssnsssssnsnnnn .

1 m
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1 Which of the following has the same value as 5.0 × 107 m? 
 

A 5.0 × 108 nm 
B 5.0 × 10-4 mm 
C 5.0 × 103 cm 
D 5.0 × 10-1 m 

 
 
2 A micrometer screw gauge is used to measure the thickness of a sheet of glass.  

Diagram 1 shows the reading on the micrometer when the jaws are closed with 
nothing between the jaws. 
Diagram 2 shows the reading on the micrometer when the jaws are closed 
around the glass sheet. 
 
 
 

 
 
 
 
 
 

What is the thickness of the glass sheet? 
 

A 2.10 mm 
B 2.35 mm 
C 2.60 mm 
D 2.85 mm 

 
 
3 A heavy rack is suspended from a ceiling by a rope. The sack is then pulled to 

one side and held stationary. 
 

 
 
Which vector diagram shows the resultant force R of the pulling force and 
tension?  
 
            A                              B                            C                              D 
 
 

 

20 

25 

15 

30 

35 

25 

diagram 1 diagram 2 

R R 
R R 
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4 A block of wood of mass 2.0 kg is pushed along the horizontal flat surface of a 
bench with a force of 4.0 N. It moves at constant speed. 

 
When the pushing force is increased to 12 N, what is the acceleration of the 
block? 
 
A 0 m/s2 
B 4.0 m/s2 
C 6.0 m/s2 
D 8.0 m/s2 
 

 
5 The graph shows the total resistive force that acts on a car of mass 830 kg over 

a period of time. 

The car is at rest at t = 0 s. A constant driving force of 2500 N acts on the car 
from t = 2 s to t = 24 s. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Which statement is incorrect? 

 
A The acceleration of the car is 3.0 m/s2 at t = 2 s. 
B The acceleration of the car is zero after t = 16 s. 
C The car is stationary from t = 0 s to t = 2 s. 
D The resultant force acting on the car increases from t = 2 s to t = 16 s. 

 
 
6 Which of the following correctly describes an action-reaction pair of forces? 
 

A The backward force acting on water by propeller and the resistive force 
acting on the boat.  

B The reaction force on a book resting on a table and the weight of the book. 
C A runner pushes backward on the ground and the ground pushes forwards 

on runner. 
D The pulling force acting on a trolley and the frictional force acting on the 

trolley. 
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7 A rocket is travelling vertically upwards. Three vertical forces act on it. The thrust 
acts upwards and is equal to 100 000 N. The weight of the rocket is equal to      
80 000 N. 

What is the magnitude and direction of the drag force acting on the rocket when 
it is travelling upwards at constant speed? 
 
 magnitude direction 
A 20 000 N downwards 
B 20 000 N upwards 
C 160 000 N downwards 
D 160 000 N upwards 

 
 
8 Two stones of different masses fall from rest at the same time from a table. Air 

resistance is ignored.                                                                                                                   
 
What will happen and why? 

 
 What will happen why 
A Both stones hit the floor at the 

same time. 
The acceleration is constant. 

B Both stones hit the floor at the 
same time. 

The speed is constant. 

C The heavier stone hits the floor 
first. 

Acceleration increases with weight 
 

D The heavier stone hits the floor 
first. 

Speed increases with weight 

 
 

9 A rock has a weight of 19 N on Mars. The rock is then taken back to Earth. The 
gravitational field strength of Mars is 3.7 N/kg and the gravitational field strength 
of Earth is 9.8 N/kg. The mass is unchanged when transported. 
 
What is the mass and weight of the rock on Earth? 
 
 mass on Earth / kg weight on Earth / N 
A 1.9 50 
B 1.9 19 
C 5.1 19 
D 5.1 50 
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10 A uniform metre rule is supported by vertical wires P and Q and remains 
horizontal as shown in diagram 1. The tension in each wire is 1 N. When a weight 
of 4 N is hung from the metre rule at the position as shown in diagram 2, the 
tension in Q becomes 2.3 N while the metre rule remains horizontal.  
 

 

 
 

What is the distance d of the weight 4 N from end P?  
 

A 32.5 cm 
B 57.5 cm 
C 67.5 cm 
D Cannot be found as tension in P is unknown 

 
 
11 An electric motor is used to lift a 5 N load through 3 m as shown. 

 

 
 

The amount of energy wasted is 10 J.  
 
What is the efficiency of the motor? 

 
A 15 % 
B 40 % 
C 60 % 
D 67 % 

P P Q Q 
  

1 N 1 N 2.3 N 

1.0 m d 

4 N 

diagram 1 diagram 2 
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12 Some students climb a flight of stairs in school, and each student is timed. Their 
weights and times are recorded in the table. 
 
Which student develops the most power? 
 
 weight/ N time/s 
A 400 10 
B 450 12 
C 490 15 
D 540 16 

 
 
13 In an experiment, smoke particles are suspended in air and viewed through a 

microscope. The smoke particles undergo jerky random motion.  
 

Which statement is correct? 
 

A Air particles have large mass compared to smoke particles and they move 
in one direction only. 

B Air particles have large mass compared to smoke particles and they move 
in random directions. 

C Air particles move at high speed compared to smoke particles and they 
move in one direction only. 

D Air particles move at high speed compared to smoke particle and they move 
in random directions. 

 
14 Which row shows physical properties that may both be used to define 

temperature scales? 
 

A e.m.f at the junction of two different metals and volume of a liquid column 
B mass of a solid object and resistance of a metal wire 
C mass of a solid object and volume of a liquid column 
D volume of a liquid column and weight of trapped gas 
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15 A student measures the resistance of a metal wire at the ice point and steam 
point. She records the results. 
 

temperature  resistance /  
ice point 15.0 

steam point 20.0 
 

What is the temperature when the resistance of the wire is 22.0 ? 
 

A 40 C 
B 60 C 
C 120 C 
D 140 C 

 
 
16 Which process(es) of thermal energy transfer require a medium? 
 

A conduction and convection 
B conduction only 
C convection and radiation 
D radiation only 
 

 
17 A student is comparing the design of a refrigerator and an oven. The cooling unit 

of the refrigerator and the heater of an oven can be fitted either at the top or at 
the bottom.  
 
Which row shows the best position for the cooling unit and heater? 

 
 cooling unit heater 
A bottom bottom 
B bottom top 
C top bottom 
D top top 
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18 A hot metal plate is placed near to a cold metal plate.  
 

 
 
Which row shows the colour for the hot plate and for cold plate that causes the 
temperature of cold plate to increase most slowly? 
 
 hot plate cold plate 
A dull black dull black 
B dull black shiny white 
C shiny white dull black 
D shiny white shiny white 

 
 
19 The diagram represents a rope wave. 
 

 
 

Which row shows the amplitude and wavelength of the wave? 
 

 amplitude / m wavelength / m 
A 1 2 
B 1 4 
C 2 2 
D 2 4 
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20 A water wave moves from deep water to shallow water. Its speed decreases in 
shallow water. 
 
Which statement correctly describes the frequency and wavelength of the wave 
in the shallow water? 
 
A Both frequency and wavelength decrease. 
B Both frequency and wavelength remain unchanged.  
C Frequency decreases while wavelength remains unchanged. 
D Frequency remains unchanged while wavelength decreases. 

 
 
21 The diagram shows two buoys P and Q sitting on a pond. A wave moves across 

the pond from left to right. 
 
 
 
 
 
 
 
 
 
At the moment shown, buoy Q is at the crest and buoy P is at the trough. 
 
Which row describes the movement of the buoys during the next cycle of the 
wave? 
 
 P Q 
A not moving not moving 
B only rises only falls 
C rises and falls falls and rises 
D towards the right towards the right 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

P 

Q 
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22 The diagram shows a ray of light in air incident on a glass block of refractive 
index 1.5. Some of the light is refracted, and some of the light is reflected. Two 
angles p and q are marked on the diagram. 
 

 
 
 
 
 
 
 
 
 
 
What are the angles of p and q? 

  
 p /  q /  
A 40 25 
B 40 27 
C 50 31 
D 50 33 

 
 
23 A student holds a piece of paper in front of a plane mirror. The paper has the 

word ‘PAL’ written on it. 
 
 
 
 

 
 
 
 
 
 
 
 
What is the image as seen by the student? 
 
 

 
 

  

q 

p 
50  

A B C D 
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24 Light travels from one medium to a less dense medium. Most of the light is 
reflected but some is refracted along the boundary between the media as shown. 
 
Which angle is the critical angle?  
 
 
 

 
 
 
 
 
 
 
 
 
 
25 Which row shows regions of the electromagnetic spectrum in order of increasing 

frequency? 
 
A X-ray   ultraviolet   visible light   infrared 
B X-ray   infrared  visible light   ultraviolet   
C infrared  visible light  ultraviolet  X-ray   
D ultraviolet   visible light  infrared  X -ray 
 

 
26 The three types of ultraviolet radiation are classified according to their 

wavelength.  
 

UVA 315 – 400 nm 
UVB 280 – 315 nm 
UVC 100 – 280 nm 

 
What is the largest frequency of the three types of radiation? 

 
A 7.5 × 1010 Hz 
B 3.0 × 1012 Hz 
C 7.5 × 1014 Hz 
D 3.0 × 1015 Hz 

 
 
27 Which statement about ultrasound is incorrect? 
 

A Ultrasound can travel through vacuum.  
B Ultrasound has a frequency larger than 20 kHz.  
C Ultrasound is used for prenatal imaging. 
D Ultrasound is a type of longitudinal wave. 
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28 A student wishes to determine the speed of sound in air. She plans to measure 
the time from making a sound to hearing the echo from a cliff. 

 
 
 

 
 
 
 
 
 
 
 
 
What type of sound and which distance should she use for her experiment? 

 
 type of sound distance to use 
A continuous sound distance to cliff  2 
B continuous sound distance to cliff × 2 
C short, sharp sound distance to cliff  2 
D short, sharp sound distance to cliff × 2 

 
 
29 The diagrams show oscilloscope traces of sounds picked up by microphones. 

The controls settings are the same for all the traces. 
 

Which trace shows the sound that is the loudest and has the lowest pitch? 
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30 The diagram shows the positions of air particles in a longitudinal wave. The 
positions of compression and rarefactions are marked with “C” and “R” 
respectively.  
 
Four students A, B, C, and D attempt to sketch a displacement-time graph of the 
wave.  
 
Which student’s graph is correct? 
 
 

 
 
 
A 

 
 
 
 
 
 

 
B 

 
 
 
 

 
 
C 

 
 
 
 

 
 
D 

 
 
 
 
 

 
 

31 Wire X has a resistance of 12 . 
 

Wire Y is made of the same material as X but is half the length of X and has twice 
the diameter of X. 
 
What is the resistance of wire Y? 

 
A 1.5  
B 3.0  
C 6.0  
D 12  
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32 A light-dependent resistor (LDR) and a thermistor are connected in series with a 
battery. 
 
 

 
 
 
 
 

 
 
 

 
Which conditions cause the potential difference across the LDR to be the largest? 

 
A bright and cold 
B bright and hot 
C dark and cold 
D dark and hot 

 
 
33 The diagram shows four ammeters P, Q, R and S used to measure the current 

in different parts of the circuit. Resistor X has a larger resistance than resistor Y. 
 

 
 

 
 
 
 
 
 
 
 
 
 
Which two ammeters read the largest current? 

 
A P and Q 
B P and S 
C S and Q 
D R and S 

 
 
 
 
 
 
 
 

X 

Y 
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34 A voltmeter is used to measure the potential difference across a resistor. 
 

What is the position and the resistance of the voltmeter in the circuit? 
 
 position resistance 
A in parallel to the resistor very high 
B in parallel to the resistor very low 
C in series with the resistor very high 
D in series with the resistor very low 

 
 

35 A household uses four 60 W lamps. The cost of 1 kWh of electrical energy is 
$0.30. 
 
What is the cost per day of using the lamps for 10 hours? 

  
A $0.20 
B $0.72 
C $12.00 
D $72.00 

 
 
36 An electric kettle has a metal casing. The cable contains a wire that is connected 

to the earth pin of the plug.  
 
Which danger can be prevented by this wire? 

 
A the cable and the kettle becoming too hot 
B the casing of the kettle becoming live 
C the casing of the kettle becoming wet on the outside 
D the casing of the kettle overheating 
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37 A student suggests setting up the circuit as shown. The lamp has a plastic casing. 
 
 

 
 
 
 
 
 
 
 

Why is this circuit unsafe for use? 
 
A The fuse rating is too small.  
B The fuse is connected in the wrong lead. 
C The switch is connected in the wrong lead. 
D There is no earth lead connected to the lamp. 

 
 
38 Two bars of soft iron are placed near a bar magnet. 

 
 
 
 
 
 

Which row states and explains the behaviour P and Q of the soft iron bars? 
  

 P and Q reason 
A attract P and Q are like poles 
B attract P and Q are unlike poles 
C repel P and Q are like poles 
D repel  P and Q are unlike poles 

 
 
39 How many of the following methods can be used to demagnetise a piece of steel? 

 
heating it until it is red hot 
pulling it from a coil that is carrying an alternating current 
placing it in an east-west direction and hammering it 
putting it in a coil which is carrying a direct current 
 

A 1 
B 2 
C 3 
D 4 

50 W 
250 V 
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40 Two pieces of soft iron PQ and RS are placed inside a solenoid. They become 
magnetised by the current in the solenoid. 
 
 
 

 
 

 
 
 
 
Which poles are found at P, Q, R, S? 

 
 at P at Q at R at S 
A N pole N pole S pole S pole 
B N pole S pole N pole S pole 
C S pole N pole N pole S pole 
D S pole S pole N pole N pole 

 
 

END OF PAPER 
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1 Fig. 1.1 shows a water wheel used in a farm. Water entering at the top turns 
the wheel about the hub. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                    Fig. 1.1 
 
Point C on the wheel moves in a circular path at a constant speed of 2.5 m/s.  
 

 (a) (i) State the change in speed of point C as it moves to position 
D, 

 
 
 

                  change in speed =………………….. [1] 
    
  (ii) Determine the magnitude of the change in velocity of point C 

as it moves to position D, 
 

   
                            change in velocity =…………………. 

 
[1] 

   
 (b) The farmer installs a laser counter at L to track the rotation of the wheel. 

The counter records the time interval between two spokes as the wheel 
rotates, as shown in Fig. 1.2. 

   
 

time / s 
1.48 
1.51 
1.50 
1.49 
1.52 

 
Fig. 1.2 

 
 
 
 
 
 
 
 
 
 
 

  Determine the frequency of rotation of the wheel. 
 
 
 
 

frequency of rotation = ………………………. 

 
 
 
 
 
[2] 

water in 

hub C 

D L 

spokes 
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2 A bob of mass 0.500 kg falls from rest at a given height and strikes a pond.  
 
Fig. 2.1 shows the variation of velocity of the bob with time during its motion. 
The bob reaches the bottom of pond at R. The gravitational field strength of 
Earth is 10 N/kg and air resistance is assumed to be negligible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.1 
 

 (a) Determine the acceleration of the bob for the first 1.5 s of its 
descent. 
 
 
 
 

acceleration = ………………. 

 
 
 
 
 
 
[1] 
 

 (b) Explain how a student can use Fig. 2.1 to estimate the depth of the 
pond. 
 
……………………………………………………………………………. 
 
……………………………………………………………………………. 
 
 
 
 
 
 
 

 
 
 
 
 
[1] 
 

velocity 

0.5 
0.0 time / s 

5.0 

10.0 

15.0 

1.0 1.5 2.0 2.5 0.0 3.0 

P 

Q 

R 

m/s 
_______ 
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 (c) On Fig. 2.2, sketch a graph to show the displacement of the bob 
with time for t = 0.0 s to t = 3.0 s. Displacement is measured from 
the point the bob starts to fall. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.2 
 

 
 
[2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (d) Describe the energy changes of the bob from position P to Q.  
   

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

 
 
 
[1] 

 (e) Fig. 2.3 shows the bob when it is at a position between PQ. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.3 
 
Draw and label on Fig. 2.3 all the forces acting on it. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 
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3 An object made up of a pencil and penknife is used in a balancing trick as 
shown in Fig 3.1. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.1 
 

 (a) State what is meant by centre of gravity of an object.  
   

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

 
 
 
[1] 
 

 (b) Mark a possible position for the centre of gravity for the object with 
‘X’ on Fig 3.1. 

[1] 

    
 (c) Explain why the object is in stable equilibrium.  
   

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

 
 
 
[1] 
 

 (d) A student removes the penknife. She tries to balance the pencil 
alone. State and explain what will happen to the pencil.  

 

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

 
 
 
 
 
 
 
[2] 
 

    
 
 
  

pencil 

penknife 

pivot 
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4 Fig. 4.1 shows a water manometer used to measure the pressure inside a gas 
pipe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                  Fig. 4.1                                      Fig. 4.2 
 

 (a) Explain how the manometer in Fig 4.1 shows that the pressure inside 
the gas pipe is greater than the atmospheric pressure. 

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

 
 
 
 
 
 
 
[2] 

 (b) Calculate the pressure of the gas inside the pipe, given that the density 
of water is 1000 kg/m3, the gravitational field strength is 10 N/kg and the 
atmospheric pressure is 1.0 × 105 Pa.  

   
 
 
 

pressure = ………………… 

 
 
 
 
[2] 

  
 (c) The manometer shown in Fig. 4.2 is connected to the same gas pipe at 

the same pressure as shown in Fig. 4.1. On Fig. 4.2, draw the levels of 
the liquid in the manometer if the manometer contains a liquid with 
density half that of water and has twice the diameter of the manometer 
in Fig. 4.1. 

  

scale 
in cm 

scale 
in cm 

[1] 
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5 A negatively charged metal ball X is suspended from an insulating thread. An 
uncharged metal plate Y is mounted on an insulating stand. 
 
 
 
 
 
 
 
 
 
 
 
 

        Fig. 5.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        Fig. 5.2 
 
When X is brought near to Y, it is attracted towards Y as shown in Fig. 5.1. 
 

 (a) On Fig. 5.1, draw the charges induced on Y. 
 

[1] 

 (b) On Fig. 5.1, draw the electric field in the space between the two 
conductors. 
 

 
[1] 

 (c) Explain why X is attracted to Y.  
   

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

 
 
 
 
 
[2] 

-  -  - --    - - ---  -  -X 

Y 

Y 

X 
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 (d) Y is earthed momentarily as shown in Fig. 5.2. State and explain 
whether X will move closer, further or remains unchanged.  

 

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

 
 
 
 
 
[2] 
 

6 Fig. 6.1 shows a light ray ABC from the top of an object passing through a 
lens. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                             Fig. 6.1 
 

 (a) State and explain whether the lens is converging or diverging.  
   

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

 
 
 
 
 
[2] 

 (b) Draw light ray(s) from the object so that the image of the object can 
be located. Draw the image and label the image I. 

 
[2] 

    
 (c) Locate the position of the principal focus of the lens and label the 

position F. 
 
[1] 

    
    

 
 
  

Lens 

O 
principal axis 

A 

C 

B 
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7 In the circuit shown in Fig. 7.1, a battery of e.m.f. 12 V is connected to resistors 
A and B, and component C. The I - V characteristic graphs for B and C are 
shown in Fig. 7.2. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7.2 
 

 (a) Describe how the resistance of component C changes as the 
potential difference (p.d.) increases from zero. 

 

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

 
 
 
 
 
[1] 
 
 
 

B 

C 

A 

12 V 

B 

C 

0.0 

I / mA 

V / V 

10.0 

20.0 

30.0 

0.0 
2.0 4.0 6.0 8.0 10.0 

40.0 
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 (b) When the switch is closed, the p.d. across resistor A is immediately 
measured to be 4.0 V. Determine the resistance of A at this instant. 

 

   
 
 
 
 
 
 
 

resistance= …………………… 
 

 
 
 
 
 
 
 
 
[2] 

 (c) In the circuit shown in Fig. 7.1, component C is removed. Explain 
whether the p.d. across A increases, decreases or remains 
unchanged. 

 

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

 
 
 
 
 
[2] 
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8 A conducting rod PQ is suspended horizontally by two newton-meters. The 
rod is placed inside the magnetic field of a U-shaped magnet as shown in Fig 
8.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.1 
 
When the switch is closed, the readings on the newton-meters decrease. 
 

 (a) Explain why the readings for the newton-meters decreased.  
   

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

 
 
 
 
 
[2] 

 (b) State the polarities of the poles, A and B, of the magnet. 
 

A : ……………           B : ……………. 

 
 
[1] 
 

 (c) Suggest two ways that would cause the readings on the newton-meters 
to decrease further. 
 

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

 
 
 
 
 
 
[2] 
 

P 

Q 

newton-meter 

newton-meter 

cell 

A B 
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 (d) If the cell is replaced by an a.c. source of frequency 3 Hz, describe the 
motion of the rod when the switch is closed. 

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

 
 
 
[1] 

 

9 A student attempts to generate an electromotive force (e.m.f.) across a copper 
rod by swinging it between the poles of a magnet. The setup is shown in Fig. 
9.1. When the copper rod in Fig. 9.1 is displaced to position X (as shown in 
Fig. 9.2) and then released from rest, it swings from X to Y, and continues to 
oscillate. As the copper rod oscillates, an e.m.f. is induced across the rod. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9.1 
 
 
 
 
 
 
 
 

Fig. 9.2 (copper rod swinging) 
 
The ends of the suspended wires are connected to a resistor PQ and switch 
S.  
 

 (a) Explain why an e.m.f. is induced across the copper rod.  
   

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

 
 
 
 
 
[1] 

magnet 
copper rod 

suspended wire 

X Y 

P Q S 
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 (b) As the rod swings from X to Y, indicate the direction of induced 
current in the copper rod in Fig. 9.1 if switch S is closed. 

 
[1] 
 

 (c) Using Lenz’s Law, explain why the direction of the e.m.f. is in the 
direction you indicated in (b). 
 
……………………………………………………………………………. 
 
……………………………………………………………………………. 
 
……………………………………………………………………………. 

 
 
 
 
 
 
 
[1] 
 

 (d) As the copper rod swings, the maximum output e.m.f. of the setup 
in Fig. 9.1 is 12 mV. When the two ends of the resistor (points P 
and Q) is connected to the input of a cathode ray oscilloscope 
(C.R.O.), a trace is observed. 
 
The time base is set at 50 ms/division and the Y-gain is set at  
5 mV/division. 
 
Draw the trace, M that can be seen on the screen of the C.R.O. in 
Fig. 9.3 when the copper rod makes four complete swings every 
second. Assume that the rod is at position X at t = 0.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9.3 
 
 

 
 
 
 
 
 
 
 
 
 
[2] 
 
 
 
 
 
 
 
 
 
 
 

 (e) The student closed the switch and set the copper rod to oscillate. 
Draw a possible trace that can be seen on the screen of the C.R.O. 
in Fig. 9.3. Label the trace N. 
 
 

 
 
[2] 
 
 
 
 
 
 

1 division 

1 division 
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Section B (30 marks) 

Answer all the questions in this section. 
Answer only one of the two alternative questions in Question 12. 

  
10 
 
 
 
 
 
 
 

Trucks are vehicles that have the flexibility to carry almost any type of cargo 
over short to medium distances. Fig. 10.1 shows three trucks that are used 
by a local company to carry goods from a factory to the same warehouse on 
a particular day. The trucks have different wheel configurations and each 
wheel is identical. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10.1 Front and side view of trucks 
 
 

Truck Mass of truck with cargo / kg 
A 15 600 
B 18 800 
C 20 500 

 
Fig. 10.2  

 
 
Fig 10.3 shows the speed of the three trucks at several values of time, t.  
 

truck 
speed  

 
t = 0.0 s t = 5.0 s t = 10.0 s t = 20.0 s t = 40.0 s 

A 0.0 4.0 8.0 16.0 32.0 
B 0.0 6.0 12.0 18.0 24.0 
C 0.0 8.0 16.0 20.0 20.0 

 
Fig. 10.3  

 

Truck A Truck B Truck C 

side view side view side view 

front view front view front view 

m/s 
_______ 
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 (a) State and explain which truck(s) has a uniform acceleration between  
t = 0.0 s and t = 20.0 s.  

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

 
 
 
 
 
 
 
[2] 
 

 (b) (i) Determine the distance between truck A and truck C at t = 10 s, 
assuming the trucks accelerate uniformly. 

   
 
 
 
 
 
 
 
 
 

distance = …………….. 

 
 
 
 
 
 
 
 
 
 
[2] 
 

  (ii) State any assumption you made when calculating b(i). 
   

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

 
 
 
 
 
[1] 

 (c) State and explain which truck’s engine did the greatest amount of work 
between t = 20 s and t = 40 s. 

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

 
 
 
 
 
 
 
 
 
 
 
 
[2] 
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 (d) (i) The drivers stop the trucks for a rest and realised that the 
ground is soft. Explain which truck sank into the ground the 
most. 

 

   
……………………………………………………………………. 

 
……………………………………………………………………. 

 
……………………………………………………………………. 

 
……………………………………………………………………. 

 
……………………………………………………………………. 

 

 
 
 
 
 
 
 
 
 
[2] 
 

  (ii) The co-drivers laid two pieces of identical planks in parallel 
across the soft ground so that the tyres of each truck are on 
the pair of planks. Explain which truck leaves the deepest 
plank imprint when driven across the soft ground. 

 
……………………………………………………………………. 

 
……………………………………………………………………. 

 
……………………………………………………………………. 

 
……………………………………………………………………. 

 

 
 
 
 
 
 
 
 
 
 
 
[1] 
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11 (a) A transformer only works when it is connected to an a.c. power 
supply. Explain why a transformer does not work when connected 
to a d.c. power supply. 

 

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

 

 
 
 
 
 
 
 
[2] 

 (b) Explain why steel is not a suitable material for the core of a 
transformer.  

 

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

 
 
 
 
 
[2] 

 (c) Electrical power of 5.20 MW is generated at a power plant and 
supplied to an industrial park which is 220 km away. This is done 
by using transformers P and Q, transmission cables and they are 
represented in the Fig. 11.1 below. 
 
 
 
 
 
 
 
 
 
 
 
                                             Fig. 11.1 
 

 

  Transformers P and Q are ideal, and the transmission cables are 
assumed to have resistance of 0.45 Ω/km. 

 

 

  (i) Determine the current generated at the power plant. 
 
 
 

current = …………………… 

 
 
 
 
 
 
 
 
[2] 

P Q 

power plant step-up 
transformer 

step-down 
transformer 

Industrial 
Park 

transmission 
cables, 220 km 

11 kV 
V1 

        V1 

In11 kV 
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  (ii) Determine the resistance of the transmission cables. 
 
 
 
 
 
 
 

resistance = ……………. 
 

(iii) Determine the minimum ratio of the number of turns in the 
secondary coil to the number of turns in the primary coil for 
transformer P so that energy loss due to the transmission 
cables is below 10 %. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

minimum turns ratio = …………………… 

 
 
 
 
 
 
 
 
[1] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
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12 EITHER 

 A block of lead at 325 °C is transferred to a 120 g copper calorimeter 
containing 250 g of liquefied methylated spirit at 25 °C. After 92 s, the 
methylated spirit starts to boil. It continues to boil for 55 s, until the block of 
lead reaches thermal equilibrium with the methylated spirit. 
 
Boiling point of methylated spirit = 78.5 °C. 
Heat capacity of the block of lead = 750 J/°C 
Specific heat capacity of copper = 420 J/kg°C 
Specific heat capacity of methylated spirit = 2400 J/kg°C 
Specific latent heat of vaporisation of methylated spirit = 855 kJ/kg 
 

 (a) 
 
 
 
 

Explain what is meant by thermal equilibrium. 
 
…………………………………………………………………………… 
 
…………………………………………………………………………… 

 
 
 
 
[1] 

 (b) The specific heat capacity of lead is 130 J/kg°C. 
 

 

  (i) State the difference between heat capacity and specific heat 
capacity. 

 
............................................................................................... 
 
............................................................................................... 

 
……………………………………………………………………. 

 

 
 
 
 
 
 
 
[1] 

  
 

(ii) Hence, determine the mass of the block of lead. 
 
 
 
 
 

mass =  ………………… 
 

 
 
 
 
 
 
[1] 

 (c) 
 
 
 
 
 
 
 
 
 
 

Calculate the amount of energy that is lost by the block of lead when 
it reaches thermal equilibrium with the methylated spirit. 
 
 
 
 
 
 
 
 

energy loss =  ………………… 
 

 
 
 
 
 
 
 
 
 
 
[2] 
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 (d) Calculate the total energy that is needed to raise the temperature 
of the copper calorimeter and the methylated spirit to 78.5 °C.   
 
 
 
 
 
 
 
 

energy gain =  ………………… 
 

 
 
 
 
 
 
 
 
 
 
[2] 

 (e) Hence or otherwise, determine the final mass of methylated spirit 
remaining in the copper calorimeter. 
 
 
 
 
 
 
 
 
 

mass = ………………… 

 
 
 
 
 
 
 
 
 
 
 
[2] 
 

 (f) Explain why the mass calculated in part (e) will be different from the 
actual value. 
 
…………………………………………………………………………… 
 
……………………………………………………………………………. 
 
……………………………………………………………………………. 

 
 
 
 
 
 
 
[1] 
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12 OR 
 A student investigating the effect of temperature on the volume of a gas, uses 

a column of air sealed in a capillary tube by a short column of mercury as 
shown in Fig 12.1. 
 
At 20 oC, the length of the air column is h = 15 cm. 
 
Cross-sectional area of the tube = 2.00 mm2.  
Density of mercury = 1.36 x 104 kg/m3  
Atmospheric pressure = 1.02 x 105 Pa. 
 
 
 
 
 
 
 
 
 
 
 
 
                                        Fig. 12.1 (not drawn to scale) 
 

 (a) (i)   Determine the mass of the mercury column.  
 
 
 
 
 
 
 

mass = ………………… 
 
(ii)  Hence determine the pressure exerted on the column of 

trapped air. 
 
 
 
 
 
 
 
 
 

pressure = ………………… 
 
 
 

 
 
 
 
 
 
 
 
[2] 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 

2.5 cm 

h 

mercury 

air 
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 (b) The tube is then slowly rotated and held in a horizontal position as 
shown in Fig. 12.2. 
 
 
 
 
 
 
 
 
 

Fig. 12.2 (not drawn to scale) 
 

 

  (i) State whether the length of the air column, h, increases, 
decreases, or remains unchanged at 15 cm. 
 
……………………………………………………………………. 
 

(ii) Explain your answer in b (i).  
 
…………………………………………………………………….. 
 
…………………………………………………………………….. 
 
…………………………………………………………………….. 
 
…………………………………………………………………….. 

 

 
 
 
[1] 
 
 
 
 
 
 
 
 
 
[2] 
 

 (c) With the tube held in horizontal position, the temperature of air is 
gradually increased until it reaches a steady temperature of 50 oC.  
 

 

  Using ideas about molecules, explain why the air column increases 
in length.  
 
……………………………………………………………………………. 
 
……………………………………………………………………………. 
 
……………………………………………………………………………. 
 
……………………………………………………………………………. 
 
……………………………………………………………………………. 
 
……………………………………………………………………………. 
 
……………………………………………………………………………. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
 
 

 

mercury air 

h 

END 
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5(a)

Y is neutral. 
Positive charges induced on the left of Y
Negative charges induced on the right of Y 

B1

5(b) Electric field is non-uniform. 
Greater field strength at region closest to X and Y (between X and Y).

B1

5(c) The negatively charged sphere induced positive charges on side of Y close 
to the sphere and negative charges on the side away from the sphere.

The attractive force between the negatively charged sphere and the 
positive charged surface on Y is greater than the repulsive force between
the sphere and the negatively charged surface.

Is only state “unlike charges attract”     [1]  only

B1

B1

5(d) X will move closer to plate Y.

When Y is earthed, negative charges from Y will be repelled by X and flow 
through the earth wire to earth. Plate Y acquires a net positive charge and 
the force of attraction between X and Y is greater.

B1

B1

6(a) converging   

As light ray AB enters the lens, the emergent ray BC bend towards the 
principal axis.

B1

B1

6(b)

Light rays that correctly lead to Image     [C1] 
(include the bottom of the image)
Label Image I [A1]

draw outside solid if it is a thin piece of 
material
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6(c) Able to label F correctly. B1

7(a) As the p.d. increases from zero, the ratio of V to I decreases, hence the 
resistance of C decreases.       

(mention of gradient/rate is incorrect)

B1

7(b) p.d. across B and C is 8.0 V.
From Fig. 7.2, current flowing through B is 40 mA and through C is 20 mA.
Hence the total current flowing through A is 60 mA.

Resistance of A = V/I = 4.0 / 0.060 = 67 Ω.

C1

A1

7(c) Removing C, the effective resistance of circuit increases.
Current in circuit decreases. 
Resistance of A remains unchanged. p.d. across A decreases. OR

Removing C, the effective resistance of circuit increases. 
Fraction of resistance of A over effective resistance becomes smaller, 
hence by potential divider principle, p.d. across A is smaller.

C1
A1

C1
A1

8(a) Magnetic field produced by current flowing through PQ interacts with the 
magnetic field from U-shape magnet to produce an upward magnetic force. 

This reduces the downward force acting on the newton meter and therefore 
the readings on Newton meters decrease.

OR

Using Fleming’s Left Hand Rule, there is an upward magnetic force acting 
on PQ.

This reduces the tension in the wire of the newton meter.

B1

C1

B1

B1

8(b) A:  South
B:  North

B1

8(c) stronger magnet
greater emf of the cell, leading to greater current

B1
B1

8(d) The rod will experience a magnetic force upwards and then downwards at 3 
cycles per second causing it to oscillate at 3 Hz. 
(vertical oscillation)

B1

9(a) As the copper rod swings from X to Y, the rod cuts the magnetic flux of the 
magnet. Hence by Faraday’s law, an e.m.f. is induced across the rod.

B1

The rororororoororroddddddddddddddddddddddddddd wwwwwiwiwwiiwwwwwiwwwwww ll experie
les pper seco

al oscill

oduceedddddd d bybybybybybybybybyby ccurururuururuurururrurrurrururururuurrrurrrrurrurrrrurrrrrrrerrrrerererrereeeeeeeeeerererrrrerrrereerrrrreererrerrrrrrreeeeerrreeeeeeeerrrreeeerrreerreeeerreeeeeereeeeeeeeeeeeeentntntntntnnnnntntntntntnnntntntntnnntnnntnntntnntnntntttnntntttnntntttnnnttnntntnnnnnnnnnnnnnnnnnnntnnnnnnnnnnnnnnnnnnntnnnnnnnt ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffllllllollolololollollolollollolllollloll wiw ngggggggggggggggggggggg tthrhrhrhrhrhrhrhrhrhrrhrhrhrhrhrhrhrhhrhrouo ghghghhghghghghghghhghghghghghghghghghgh PPPPPPPPPPPPPPPPPPPPPQ Q ininininininininininininninininininininininnnteteteteteteteteteteteteteteteteteteteteteetetetetet rrarrrrrrrrr cts with
frooooommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm U-shhapapapapapapape eeee mammmmmmmmmmmmmmmmm gnet to prrodododoooooododoododoooodoooo ucucuuuuuucuuuuuuuuuuuuu e an uuuuuuuuuuuuuuuuuuuupwpwpwpwpwpwpwpwpwpwpwpwpwpwpwpwpwpwpwpwpwpwpwwwwararaaaaaaaaaaaaaaaaaaaaa d magne

uccesessessssessssssssssssssssssssssssessssssssssssssssssessssssssseeseee ttttttttttttttttttttttttttttttttttttttttttttthehehhhhhhehehhhhehhhhhhhehehhhhhhehehehehhhhhhhhhehehehehehehhheheheheheeeeheheheeeehhheheheeheehheeeeeeee ddddddddddddddddddddddddddddddddddddddddowowowowowowowowownwnwnwnwnwnwnwnwnwward fffofofofofofoffoffofofooffofofoffofoffofofoffoffofofffofoffofoffoffofffooffffffffffofffffffffff rrrrrrcrcrcrrrrrrrrrrcrrrrrrrrcrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e acaacaaaaaaaaacaaaaccaaacacaaaaacaaaacaaaaaa ting on n ththththhthththththhthhththththththt e neneneneneneneneneneneneeneneneeneneeeneneeenewtwtwwwwwwwwwtwwwwwww onn mete
adinnnnnnnnnnnnnnnnnnnngsgsgsgggsgsgsgsgsgsgsgsgsgsgggsssggggsssgsgsgggssgsgsggsssgsggssgsgsggssssggsgsgssggsssggggsgsggssgsggssgsgsgsgsssssssssssssssssssssssss oon n NeeNeNeNeNeNeNeNeNNNeNeNNNeeeeeeeeewtwtwtwwtwtwtwtwtwwtwtwwtwwwwwwwwwttwwwwwwwtwwwwwwwwwwwwtwwwwwwwwwwwwwwwww ononoooonononononononooonononnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn mmmmmmmmmmmmmmmmmmmmmetetttteteteeteteteteteteteteteteteteteteteeteteteteteteteeteteteteteteteeeeeettttteeeeeeeeererereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee s dedeeeeeeeeeeeeeeeeeeeccrccccccccrcrccccccrcrcccccccccrccccccccrccrccccccrcccrcccccccccrcrreaee se.

OR

Usinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnggggggggggg FlFlFFFFFFFFlllFFFFlFlFFFllFFFFlllFlllllllllF ememememeememeemememeeeeeeeeeeeeemememememeemeeemeeemeemeeememeeeeeeeemeeeemeeeemeeeeeeemeeemmmmmmmmmmmemmmmmme inininininnnnninnininnnnnnnng’gg’gg’ggggg’g’g’ggggggggggggggggggggggggggggggggggggggggggggg s s ss s s sssssssssssss sssssssssssssssssssssssssss LeLeLLeLeLLeftf HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHananaanaanananananananananaaananaanaaanaanananananannannananaannannnanaaaaannnnnanananannnanaanaanannnnaananannnnaaaanannnnnnnaaaa ddddddddddddddddddd RuRuRuRuuRuuuuRuuuRuRuRuRuuRuuuuuuuuuuuuuuuuRuuuRuuuRuuuuRuuuRRR lllelllelelelelllllellllllllllllellelele, thhererererererereerererererererererereeeereee e e eeee e ee e eeeee eeeeeeee iiiisis aaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnn uuupuuu w
onooooooo PPPPPPQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ..

ThThThThThThThThThThhhhhisisisisisisssisi rrrrrrrrrreddeddddddddddddedddddddddddddddddddddddddddddddddddddddddddddddddddddddddducucucuucuccccccucuccccccccccuccccccccccccccccccccccccccucccces ttttheheheheheheheheheheheheheheheheeheheeheheheheheheheheheheheheheeheheehehehehehehehehheehehhehhhehhhhhehhhehehhhhhhhheehehheeeeeeeeeeeeheehehhhhhhhhhh

of circrcrcrcrcrcuit innnnnnccccrcc eas

ged. p.p.p.p.p.d.d.d.d.d.d. aaaaaacrosososososossssss s A dedededededeccccrcc eas

esistancececececececececececececececececeeeceec oooooooooof f f fffffffffffff cccciccciicccicciiiciccccc rrrrrrcrcrrrrrrrrrrrrr uit inininininnnnnninnnininnininnnnncrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrrrrreeeeeaeaeaeaeaeeeeeeeeee ses. 
A over eeffffffffffffffffffffffffffeececececeececeeececececcccccececcecccceccecceeccceccccccccccccccccccccccccccttttititititttttittttttitititititittttit vvvvvvvveveveveveveveeeveeveveeevevvvvevveeevvvvvvvvv rrrrrrrrrrrrrrreeeeseeeeeeee istatatataaaaataataaaaaataaaancncncncncncncncnncncncncncncncncnce ee eeeeeeeeeee bebebebebebecomes small

ider princccccccccipipipipipipipipipipipipipipipipipipippppppplelelllellleleleleleleleleleleleleleleeeeeee,,,,,,, , , , p.p.p.pp.ppppp.p.p.p.p.p.p.p.p.p.p.p.p.ddd.dd.d.d.dddddd.d.d.d.d.d.d.d.ddd.d.. aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaacrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrccrcrrosososososososososossosososososososoosososssssssssssssssss ss AAAAAAAA AAAA A A A AA AA isisisisisisissssisisisisisisisisisisisis sssssssssssssssssssssmmmmmmmammmmmmmmmmmmmmm ller.

teteteteteteteeeeteetttttetttetetensnsnsnsnsnsnsnssnsnsnnnsnsssnssssnsssnsssssssssssssssssssssssssioi n innnnn tttttttttttttttttttttthehehhhhehhhehehhehehhehhehhhhhhh wwwwwwwwwirrrrrrrrrrreeeeeeeeeeeeeeee ofofofofofofffofoffofoffofofooo th

8(b)b))))))))) A:A:A:AAAAAAA:AAAAAAA:  SoSooututttttutttututtututututtututtututututututtuttutututtututtttttutututututttutututuuuttutuuuuttuuuuuuuutuutuuu hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
B:B:B:::B::BB:::BB:::::::B:B:::::B:B::   NoNoNoooooNoNoNoNoNoNoNoNoNoNoNooNooNoNoooNoNoNoooNoNoNoNooNoNoNoNooNooNoNoNNoNNNNoNoNoNNoNoNNNoNoNoNNoNoooooNoooooooNNoNNNNNN rtrtrtrtrtrtrtrtrtttttttrtrtrtttttrtttttttttttttrttttttttttttttrtttttrttrttrtttttrtttttttttthhhhhhhhhhhhhhhhhhhhhhhhhhh

ststssssssssssssssssssssssssssssssssssss rororoooooooooooooooooooooooroooooooooooooooooooooooooooooooooooooooooonnnngngnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn er mmmmmmmmmmmmmmmmmmagagagagagagagagagagagagagagagagagaagagagaaa nnnnnnennnnnnn t
grgrggggrgrgrgrgrgrgrgrgrgrgrgrgreeeeeeaeeeeeeeee ter r r r rrr rrr rr emememememememememememememememememememememeemememmffffffffffffffff of the c

www.KiasuExamPaper.com 
143



5 
 

9(b) B1

9(c) The direction of the induced current in the copper rod indicated above 
produces a magnetic field that will interact with the magnetic field from C
shape magnet to have a force opposing the movement of the rod from X to 
Y. 

B1

9(d)

Start from 0 mV and every period is 250 ms 
Sine curve with the amplitude 12 mV  (with correct scale) 

B1
B1

9(e) Amplitude getting smaller
Period getting longer/constant

B1
B1

Section B

10(a) Only truck A has a uniform acceleration between t = 0 and t = 20 s, 
with an acceleration of 0.80 ms-2.

For truck B and C, the acceleration for the first 10 s is greater than 
the acceleration for t = 10 s to 20 s.

B1

B1

10(b)(i) For the first 10 s, distance travelled by truck A = area under the v-t graph
                                                                          = ½ x 10 x 8.0 = 40.0 m
Distance travelled by truck C = ½ x 10 x 16.0 = 80.0 m.
Distance between the trucks = 40.0 m

C1 

A1

10(b)(ii) Truck A and C travel in the same direction from t = 0 to t =10 s.
(same starting point)

B1

S 
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10(c) The trucks increase in kinetic energy is due to the work done by the engine.
Increase in KE for truck A = ½  (15600) (32.02 – 16.02) = 6.0 x 106 J
Increase in KE for truck B = ½  (18800) (24.02 – 18.02) = 2.4 x 106 J
Increase in KE for truck C = ½  (20500) (20.02 – 20.02) = 0.0 J
Engine of truck A did the most work during this period.

C1

B1

10(di)                               Truck A      Truck B      Truck C
Number of wheels      4                 6               8             

(assuming each wheel has equal area of contact with ground)

Weight of truck/N      156 000    188 000    205 000
Pressure           39 kN/wheel  31.3 kN/wheel    25.6 kN/wheel

Truck A sinks the most.

B1

B1

10(dii) Truck C having greatest weight will make the deepest imprint since the 
planks have equal area in contact with the ground.

B1

11(a) E.m.f. is induced across the secondary coil when there is a change in the 
magnetic flux linking the secondary coil.

Alternating current and not direct current generates a changing/varying 
magnetic field in the primary coil. Thus there will be no e.m.f. induced in the 
secondary coil.

B1

B1

11(b) Steel is a hard magnetic material, hence difficult to be magnetise and 
demagnetise rapidly as required by the core of a transformer.

The magnetic flux density produced by steel is weaker compared to other 
magnetic materials when the same amount of current flows through the 
wire coil. 

B1

B1

11(c)(i) P = IV
5200 000 = I (11 000)
I = 473 A
 

M1
A1

11(c)(ii) Resistance = 0.45 x 220 Ω
= 99 Ω A1

11(c)(iii) Maximum power loss = 520 000 W   [10% of the power]

Let the transmission current be I1.
Power loss in transmission cable = I1.2 R

I1.2 R = 520 000
I1. = 72.474 A  (intermediate working)
Current in the transmission cable must be less than 72.4 A M1

m

Resistststsstststsstanananananananananananananananananananaanannaaannceccccccccccc  = 0.45
9 ΩΩΩΩΩΩ
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For transformer P,

Ns/Np =6.53.

As Is must be lower than 72.4A, the ratio Ns/Np must be greater than 6.53
The minimum value of the ratio is thus 6.6 (2 sf)

M1

A1

 
12 EITHER

E12(a) Two or more objects are at equal temperature and there is no net flow of 
thermal energy between them.

B1

E12(bi) Heat capacity is the amount of thermal energy required of a substance to 
increase/decrease the temperature of a substance by 1 K / 1 °C.

Whereas specific heat capacity is the heat capacity per unit mass.

B1

E12(bii) let the mass of lead be m 
mc = C
m (130) = 750
m = 5.77 kg  

unit must be correct

A1

E12(c) final temperature of lead is 78.5 oC
thermal energy loss = C Δθ
                                 = 750 (325 – 78.5)

       = 184 875 J  
                               = 185 000 J

M1

A1

E12(d) total energy required  = [mc Δθ ]copper +  [mc Δθ ]methylated spirit
                                    = (0.120)(420)(78.5-25)  +  (0.250)(2400)(78.5-25)       
                                    = 34800 J                    

M1
A1

E12(e) energy used to boil off methylated spirit = 184875 J – 34796.4 J    
= 150078.6 J        

let m be the mass of methylated spirit boiled off
mL = 150078.6
m = 0.1755 kg     [1]

remaining methylated spirit = 0.250 – 0.1755 kg = 0.0745 kg

M1

A1

E12(f) Some thermal energy from lead block is loss to the surrounding. Not all 
heat loss by block of lead is transferred to the the calorimeter and

B1

s
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methylated spirit. Thermal energy absorbed by methylated spirit is less. So, 
less spirit is boiled off.

12 OR

O12(a)(i) Vol of mercury = 2.0 x 10-6 x 0.025 m3

                       = 5.0 x 10-8 m3

Mass = ρ x V
= 1.36 x 104 x 5.0 x 10-8

= 6.8 x 10-4 kg 

(award 1 m if convert incorrectly mm2 to m2, able to apply m = ρ x V)

M1

A1

O12(a)(ii) weight of Hg = 6.8 x 10-3 N

P = PHg + Patm
= 0.0068/(2.0 x 10-6) + 1.02 x 105

= 105400 Pa 
= 1.05 x 105 Pa  

(ecf for mm2)

M1

A1

O12(b)(i) The column of air, h increases in length as temperature increases. B1

O12(b)(ii) In the horizontal position, the weight of the mercury column no longer acts 
on the trapped air. The pressure on the trapped air decreases.

At pressure of the trapped gas is greater than atmospheric pressure. Hence 
the volume of the air column increases. (As volume of air increases, it 
pressure decreases until it is equal to atmospheric pressure).

B1

B1

O12(c) A rise in temperature causes an increase in average speed of gas 
molecules, hence greater average kinetic energy.

Molecules collide more vigorously and with greater frequency with the inner 
surface of container. 

When gas pressure is greater than atmospheric pressure, pushing it 
outwards, until the internal and external pressures are equal.

B1

B1

B1

m2,,,,,, abababababablellll to

x 105

of aiaiiiiiiiiiaiiiiiiiiiiiiiiiiirrrrrrrrrrrr,,,,,,,,, hhhhhhhhh inincreaasesesessseseeeeseseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeess ssss sss ssss ss ini  length asssssssssssssssssssss ttttttttemememememememememememememmememememememperaraaaaaaaaaaaaaaaaaaaaaaatututututututututututututututuututututututuutt rerererererererererrererererrerererer  increas
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O12(ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc)))))))))))))) A AAAAAAAAAAAA riririririririrrrrr seseseseseseseseseses iiiinnnnn nn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn tetetetetetetetetetettettttettettttetttetetettettetttetttteetettettetteeteeeeeeteeeeeeeeeeeeeeeeeeeeemppererererrererrrerererrerrerrererrerrerrrerererererrrererererrrrerrerererrerrererereeereereeeeeeeeeeererrrrrrrrrreereeratatatatatatatatatataataatataataataaataataaataataataaaataataatatatatataaatatttattttaaaaaaaaaaaaa ururururururururururrrrurururuuuu eeeeeeeeeeeeeeeeeeee cacc usesesesesesesesesesesesesesesessssesessesess aaaaaaaaaannnnnnnnnnn inncrcrcrcrcrcrcrcrcrcrcccccc eaeaeaeaeaeaeaeaeaaeaeeeaae s
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2 

 
CHIJSec/2022/OLevelPrelim/6091/01 

1 Which list of SI units contains only base units? 
 

A candela, second, kelvin, watt 

B candela, joule, metre, second 

C ampere, kelvin, second, pascal 

D ampere, metre, second, kelvin 

2 The diagram shows the scale of the vernier callipers that is used to measure the diameter of a 
coin. 
 

What is the radius of the coin? 

A 1.63 cm B 1.93 cm C 3.26 cm D 3.86 cm 

3 The diameter of a piece of wire is measured using a micrometer screw gauge. The diagram 
shows the enlarged view of the micrometer screw gauge reading. 

What is the diameter of the wire? 

A 1.27 mm B 1.77 mm C 2.27 mm D 2.77 mm 

4 The diagram shows the velocity-time graph of a cyclist’s journey. 

 
What is the average speed for the cyclist’s entire journey? 

A 2.86 m/s B 3.14 m/s C 3.43 m/s D 3.67 m/s 
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CHIJSec/2022/OLevelPrelim/6091/01 

5 A bottle full of water has a mass of 200 g. When the same bottle is filled with liquid X, the mass 
becomes 180 g. 
 
If the mass of the empty bottle is 100 g, what is the density of liquid X? 
Take density of water as 1.0 g/cm3. 
 

A 0.2 g/cm3 B 0.8 g/cm3 C 0.9 g/cm3 D 1.2 g/cm3 
 
 

6 The diagram shows a laboratory experiment setup in which a feather falls from rest in a long 
evacuated vertical tube of length L . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The feather took a time of t to fall from the top to the bottom of the tube. 
 
How far will the feather have fallen from the top of the tube in 0.5t ? 
 
A 0.13L   B 0.25L   C 0.50L   D 0.75L  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

feather 

vacuum 
L 
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CHIJSec/2022/OLevelPrelim/6091/01 

7 An L-shaped rigid lever arm is pivoted at point P.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Three forces act on the lever arm, as shown in the diagram. 
 
What is the magnitude of the resultant moment of these forces about point P? 
 
A 20 Nm  B 30 Nm  C 40 Nm  D 50 Nm 

 
 
 

8 A student uses a retort stand and a clamp to hold a flask of liquid.  
 

Which diagram shows the most stable arrangement? 

 A   B        C           D 
 
 
 
 
 
 
 
 
 

2 m 

3 m 

1 m 

2 m 10 N 

15 N 

20 N 

P 
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CHIJSec/2022/OLevelPrelim/6091/01 

9 The diagram shows two identical vessels X and Y connected by a short thin pipe with a tap. 
At the beginning, X is filled with water of mass m to a depth h, and Y is empty. 
 
 
 
 
 
 
 
 
 
 
 
 
 
When the tap is opened, water flows from X to Y until the depths of water in both vessels are 
equal. 
 
How much gravitational potential energy is lost by the water during this process? 
(acceleration due to gravity, g = 10 m/s2) 

A 0 J  B ¼ (mgh) J C ½ (mgh) J D mgh J 

10 The diagram shows a barometer containing some air in the space above the mercury column. 
The height of mercury column is 70.0 cm. X is a point 15.0 cm below the surface of the mercury 
in the tube. The atmospheric pressure is 76.0 cmHg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What is the pressure at point X in the mercury? 

  
 A 85.0 cmHg B 55.0 cmHg C 21.0 cmHg D 15.0 cmHg 

70.0 cm 

air 

15.0 cm 
X 

mercury 
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40.0 cm 

20.0 cm 

11 The diagram below shows a mercury-in-glass thermometer. 
The distance between -10 C and 110 C is 40.0 cm. 
 
 
 
 
 
 
 
 
 
 
What is the temperature when the mercury thread is 20.0 cm long? 
 
A 45 °C  B 50 °C  C 55 °C  D 60 °C 

12 Heat capacity is the energy required to raise the temperature of the object by 1 °C.  

What does this energy do? 
 

A  It increases the internal potential energy of the solid molecules. 

B  It increases the vibration among the solid molecules. 

C  It increases the average size of the solid molecules. 

D  It increases the forces of attraction between the solid molecules. 

 

13 0.10 kg of ice at its melting point is dropped into 0.80 kg of water at 15 °C. 
The specific heat capacity of water is 4200 J/kg°C and the specific latent heat of fusion of ice 
is 336 000 J/kg.    
 
What is the final temperature of the mixture? 
 
A 12.4 °C B 8.8 °C  C 4.4 °C  D 2.4 °C 
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14 The diagram represents two blocks, P and Q. Each of them received the same amount of  
energy, W. The mass of P is twice the mass of Q. The temperature rise of Q is 2 times the 
temperature rise of P. 

Which statement about P and Q is correct? 

A The heat capacity of P is half the heat capacity of Q. 

B The heat capacity of P is twice the heat capacity of Q. 

C The specific heat capacity of P is half the specific heat capacity of Q. 

D The specific heat capacity of Q is half the specific heat capacity of P. 

15 A student uses a double-walled glass vessel to contain a hot liquid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which reduces the heat loss by radiation? 
 
A a vacuum in the space between the walls 

B painting surface Q black 

C painting surface R black 

D painting surface S white 

 
 
 
 
 
 

air outside space 

Q R S 

glass walls 

hot liquid 
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16 On a hot day, the drink in a bottle can be kept cool by standing the bottle in a bowl of water and 
placing a wet cloth over it. 
 
 
 
 
 
 
 
 
 
 
Why is the drink kept cool? 
 
A Cold air cannot escape from the bottle. 

B The cloth conducts the heat from the bottle to the water. 

C The drink cannot evaporate from the bottle. 

D Water evaporates from the cloth and cools the drink. 

17 Equal masses of two solids X and Y are heated successively in a well-lagged calorimeter. 
Thermal energy is supplied to both of them at the same rate. The temperature-time graph for 
the process is shown. 

Which statement about the temperature-time graph is incorrect? 

A Solid X has a lower specific latent heat of fusion than solid Y.  

B Liquid X has a higher specific heat capacity than liquid Y. 

C Solid X has a higher specific heat capacity than solid Y. 

D Melting point of solid X is lower than melting point of solid Y. 

 

18 The melting point and the boiling point of a pure material X is - 20 °C and 120 °C respectively.  

Which physical quantity does not change as the material is heated from 0 °C to 110 °C? 

A density of liquid X 
B kinetic energy of particles in X 
C internal energy of material X 
D specific heat capacity of material X 

temperature /  C 

time / s 
X 

Y 
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19 The diagram shows a light ray passing from air into a glass block of refractive index 1.5.  
 
 
 
 
 
 
 
 
 
 
 
 

What is the angle of refraction in the glass and critical angle of the glass? 
 

  
 
 
 

 
 
 
 
 

 

 

20 The diagram shows a ray of light travelling from medium P into medium Q. 
Medium P has a refractive index lower than medium Q. 
 
 
 
 
 
 
 
 
 
 
 
 
Which rays is/are possible outcome(s)? 
 
A 3 only 

B 1 and 3 only 

C 2 and 3 only 

D 1, 2 and 3 

 
 
 
 
 
 

 angle of refraction / ° critical angle / ° 

A 21 42 

B 21 60 

C 34 42 

D 34 60 

1 

2 

3 

 

 

 
57 º 

normal 

glass block 
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21 The diagram shows a wave on a string with two points P and Q marked. The wave is moving 
in the direction shown. 
 
 
 
 
 
 
 
 
 
What will happen next? 
 
A P will move to the left. 

B P will move up. 

C Q will not move. 

D Q will move up. 

 
 

22 The diagram shows waves set up in a rope by a student moving the free end up and down at 
a steady rate. 

What is the wavelength of the wave shown, and what will be the wavelength when the student 
halves the frequency at which the end is moved up and down? 
 
 wavelength as shown wavelength when frequency is halved 

A 
 

B 
 

C 
 

D 

0.50 m 
 

0.50 m 
 

1.00 m 
 

1.00 m 

1.00 m 
 

0.50 m 
 

1.00 m 
 

2.00 m 
 
 
 
 
 
 
 
 
 
 
 
 

2.00 m 
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23 Microwaves, visible light and ultraviolet are all part of the electromagnetic spectrum. 
 
What is the correct order of increasing frequency? 
 

 lowest      highest 
A 
 

B 
 

C 
 

D 

microwaves  visible light       ultraviolet  
 
microwaves  ultraviolet  visible light 
 
visible light  ultraviolet           microwaves 
 
visible light  microwaves  ultraviolet 

 

24 When ultrasound travels from water into air, what happens to its frequency, wavelength and 
speed? 
 
 frequency wavelength speed 

A 
 

B 
 

C 
 

D 

remains the same 
 

remains the same 
 

remains the same 
 

increased 

reduced  
 

increased 
 

increased 
 

increased 

reduced 
 

increased  
 

reduced 
 

increased 
 

 

25 The diagram shows the positions of air particles before and after they were disturbed by a 
vibrating guitar string. 

 
Points P, Q and R are positions of some air particles at rest before the disturbance while 
Point S is the new position of R after the disturbance. 

 

 

 

 

 

Which option correctly shows the lengths associated with PQ and RS? 

 PQ RS 

A half a wavelength an amplitude 

B a wavelength an amplitude 

C half an amplitude half a wavelength 

D an amplitude half a wavelength 

 
 
 

P Q R 

S 

before disturbance 

after disturbance 
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26 The earth wire is always fitted to the metal casing of an appliance as a protective device. 
 
The earth wire protects     
 
A the live wire. 

B the cable connecting the appliance. 

C the person using the appliance. 

D the fuse in the plug. 

 
 

27 Two resistance wires X and Y, are connected across a dry cell. Both wires are made of the 
same material and of the same length. However, wire Y has a diameter that is half that of 
wire X. Currents IX and IY flows through resistors X and Y respectively. 

 

 

 

 

 

What is the ratio of IX:IY? 

A 1:4  B 1:2  C 2:1  D 4:1 

28 Three identical resistors are wired up to the mains of the electrical supply in three ways shown 
below. 
 

 
 
What is the decreasing order of the magnitude of current drawn from the mains supply of 
these arrangements? 

A  Z, Y, X  B  Y, Z, X  C  X, Z, Y  D  Z, X, Y 

  
 
 
 
 
 
 
 
 

 

wire X 

wire Y 

IX 

IY 
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29   A dry cell of 25 V is connected to 3 resistors. 
 
 
 
 
 
 

 

 

 
 
 
 
 
Which row correctly shows current I in the 5.0 Ω resistor and the value of R? 
 

 
 
 
 
 
 
 
 
 

 
30   The circuit diagram shows a variable resistor R connected in parallel to the lower half of  

 potential divider. 
 
 
 
 
 
 
 
 
 
 
 
 
The resistance of R increases. 

 
What happens to the two voltmeter readings? 

 
 V1 V2 

A 
 

B 
 

C 
 

D 

decreases 
 

decreases 
 

increases 
 

increases 

decreases 
 

increases 
 

increases 
 

decreases 
   

 I/A R/Ω 
A 
 

1.0  8.3 

B 
 

1.0 5.0 

C 
 

2.0 5.0 

D 2.0 8.3 

25 V 

5.0 Ω 

10.0 Ω 

3.0 A 

R 

I 

V1 

V2 
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31   Which row shows the correct colour code for wiring an electric appliance to a 13 A three-pin  
plug? 

 
 
 
 
 
 
 
 
 
 
 
32 Which question will distinguish between a magnetic material and a non-magnetic material? 

 
A Is it a metal or non-metal? 

B Is it a conductor or an insulator? 

C Can it be given an electric charge? 

D Does it affects the direction in which a compass needle points? 

 
 

33   The diagram shows a bar magnet placed inside a uniform magnetic field. 
 
 
 
 
 
 
 
 
 
What will happen to the magnet if it is allowed to move freely? 
 
A remain stationary 

B turn 90 ° clockwise 

C turn 90 ° anti-clockwise 

D turn 180 ° clockwise 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 live neutral earth 
A 
 

B 
 

C 
 

D 

brown 
 

brown 
 

blue 
 

blue 

green/yellow 
 

blue 
 

green/yellow 
 

brown 

blue 
 

green/yellow 
 

brown 
 

green/yellow 
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34   The diagram shows a circuit with a wire connected to a battery through a switch S. 
 The compasses X and Z are placed above the wire and the compass Y is placed below the  
 wire. 

 
 
 
 
 
 
 
 
 
 
When switch S is closed, which figure shows the correct orientations of the compass  
needles? 

   A      B 
 

 
 
 

C        D  

35   The diagram shows a stream of electrons moving between two magnetic poles.  
 
 
 
 
 
 
 
 
 
 
 
 

In which direction will the beam be deflected? 
 

A towards the north pole 

B towards the south pole 

C into the page 

D out of the page 

S 

N 

stream of electrons 
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36   The diagram shows a d.c. motor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Which change does not increase the turning effect on the coil? 
 
 A increasing the diameter of the wire used to make the coil 

 B increasing the supply voltage 

 C removing the soft-iron cylinder 

 D using stronger magnets 

 
 

37   When a magnet is pulled slowly away from a coil of wire, a deflection to the right is seen on  
 an ammeter connected to the coil.  

 
 
 
 
 
 
 
 
 
 
The magnet is moved quickly towards the same end of the coil. 
 
What happens to the direction and size of deflection seen on the ammeter? 
 

 direction of deflection size of deflection 
A 
 

B 
 

C 
 

D 

to the left 
 

to the left 
 

to the right 
 

to the right 

increased 
 

unchanged 
 

increased 
 

unchanged 
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S 

 

N O 

 

S 

 

N 
O 

 

S 

 

N 
O 

 

S 

 

N 
O 

38   The graph shows how the induced e.m.f. of a simple a.c. generator varies with time. 
 
 
 
 
 
 
 
 
 
 

The diagrams below show the front view of the coil of an a.c. generator. The coil is being 
rotated about an axis through O in a uniform magnetic field. 

 
Which of them shows the position of the coil when the value of the induced emf is at M? 

 
                              A           B 

     

                           C           D 

 

    

39  A signal of peak voltage 20 V and frequency 10 Hz is applied to the terminals of a c.r.o.. The  
Y-gain of the c.r.o. is set at 10 V per division and the time-base is set at 25 ms per division.

  
Which trace can be obtained? 

 

induced e.m.f./V 

time/s 
   M 

A 

C 

B 

D 
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40   The diagram shows an a.c. generator connected to leads X and Y. At the instant shown, the  
 current direction in the coil is as shown. 
 
 
 
 
 
 
 

 

 

 

 direction of rotation rule used 
A 
 

B 
 

C 
 

D 

clockwise 
 

clockwise 
 

anti-clockwise 
 

anti- clockwise 

Fleming’s left hand rule 
 

Fleming’s right hand rule 
 

Fleming’s left hand rule 
 

Fleming’s right hand rule 
 
 
 

- End of Paper - 

 Which row shows the direction of rotation of the coil as seen by an observer and the rule used 
to obtain the direction of current as shown? 

slip rings 
carbon brush 

X 
Y 

observer 
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Section A 
Answer all the questions in this section. 

1 A ball rolls down a slope as shown in Fig. 1.1. 
 
 The metre rule shows the position of the ball at times, t = 0 s, 1.0 s, 2.0 s and 3.0 s. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.1 
 

(a)  Explain how Fig. 1.1 shows that the ball is accelerating. 

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

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

(b) Calculate the average speed of the ball between t = 1.0 s and 3.0 s. 

 
 
 
 
 
 
 
 

average speed = ………………………………… [2] 
 

(c) Two of the forces that act on the ball are air resistance and weight. 
The ball accelerates as it rolls down the slope. 
 

State what, if anything, happens to 

(i) air resistance, …..………...……………………………………………………………………... 

(ii) weight, …………..………...………………………………………………………………….. [2] 
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2 Two trains P and Q travel between the same two stations on parallel tracks. 
 Fig. 2.1 shows the distance-time graphs of the two trains. 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1 

Train Q starts its journey at time t = 0 minutes and train P starts its journey at t = 10 minutes. 
 
(a)  Explain how Fig. 2.1 shows that, when moving, train P has a greater speed than train Q. 

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

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

............................................................................................................................................. [2] 

(b) What is the distance between the two stations? 
 
 

distance = ………………………….. [1] 
 

 (c)  Calculate the speed of train Q when it is moving. Give your answer in km/h. 

 

 

speed = ………………………….. [2] 
 
 (d)  Another train R makes the same journey. It travels at the same speed as train P. 
  Train R leaves 30 minutes later than train P. 
 
  On Fig. 2.1, draw the distance-time graph for the train R.         [1] 
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3 Two tugboats are pulling a ship in a harbour. Fig. 3.1 represents the view from above and shows 
the directions of the forces on the ship. 

 
 

 
Fig. 3.1 (not to scale) 

 
The pulling force exerted by the two tugboats are 80 kN each.  

(a) In the space below, draw a labelled diagram to show the resultant of these two forces. 
 
Determine the magnitude of the resultant force. 
State the scale used.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

scale: ……………………………. 
 

resultant force = …….……………………… 
[3] 

80 kN 

80 kN 
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(b) The engines of the ship are not operating and the water in the harbour is stationary. The ship 
is moving in a straight line in the direction of the resultant force exerted by the two tugboats. 
It is traveling at a constant speed. 

 
 Explain, in terms of the forces acting, why the ship is moving in a straight line at constant 

speed. 
 

   ………………………………………………………………………………………………………… 

  ………………………………………………………………………………………………………… 

  ………………………………………………………………………………………………………. [2] 
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4 Fig. 4.1 shows a painter standing on a wooden plank, directly above the right-hand support. 

Fig. 4.1 

The plank has length 3.6 m, width 0.35 m and thickness 0.025 m. 

The gravitational field strength g is 10 N/kg and the mass of the plank is 23 kg. 

(a) Calculate the density of the wood from which the plank is made. 

   

density = ………………………………….. [2] 

(b) The centre of gravity of the plank is in the middle of the plank at a distance of 1.3 m from 
each of the supports. 

 Calculate 

 (i) the weight of the plank, 

 

weight = …………..………………………. [2] 

 (ii) the moment due to the weight of the plank about the right-hand support. 

 

 

moment = …………………………………… [2] 

(c) The painter moves further to the right along the plank and the plank starts to rotate 
clockwise about the right-hand support. 

 Explain why the plank rotates clockwise. 

 ………………………………………………………………………………………………………… 

 ………………………………………………………………………………………………………… 

 ………………………………………………………………………………………………………. [2] 

wooden 
plank 

support support centre 
of gravity 
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5 Fig 5.1 shows the journey of a cyclist from point A to B. Point A and B are at the same height. 
 
 
  
 
 
 
 
 
 

Fig 5.1 
 
 The cyclist starts from rest at A and pedals up and over a hill. Near the bottom of the hill, she 

starts to brake and come to rest at B.  
 
 (a) Describe the energy changes that take place as she pedals up the hill at constant speed. 

 
………………………………………………………………………………………………………… 

   
………………………………………………………………………………………………………. [2] 

 
 (b) Explain how the law of conservation of energy applies to the complete journey from A to B. 
 

………………………………………………………………………………………………………… 
   

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

(c) At one point in the journey, the gravitational potential energy of the cyclist has increased by 
5700 J. The total mass of the cyclist and bicycle is 60 kg. 
The gravitational field strength is 10 N/kg. 
 
Calculate the height above A of the cyclist at this point. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

height above A = ………………………….. [2] 
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6 Fig. 6.1 shows a syringe that contains a gas at the same pressure as the air outside. The piston 
moves freely along the cylinder without any friction. The mass of gas remains constant. 

Fig. 6.1 
 

As the syringe is cooled from 90 °C to 10 °C, the piston moves inwards. It stops moving when 
the temperature is steady.  
 
State how the physical quantities of the cooled air have changed when the piston stops moving 
at 10 °C, compared to the initial temperature of 90 °C. 
 
Complete Table 6.1, using the terms “greater”, “the same” or “less”. 
 

Table 6.1 
 

the average distance between 
the gas molecules 

 

the pressure of the gas 
after the piston stops 

 

the average speed  
of the gas molecules 

 

the frequency of the collision between 
the gas molecules and the piston 

 

the average diameter of  
the gas molecules 

 

[5] 
 

 

piston gas cylinder sealed end 
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7 (a) Fig. 7.1 shows part of a page from a student’s notebook. The student attempted to list out all  

the components of the electromagnetic spectrum. 
  

 

 

 

 

 

 

 

 
Fig. 7.1 

 
  List three errors in the student’s notes and state how it should be corrected. 
 
  1. ……………………………………………………………………………………………………….. 
   

2. ……………………………………………………………………………………………………….. 
   

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

 
(b) X-rays is used in hospitals for the diagnosis of medical conditions such as fractures or tooth 

decay. 
 
State one other application of X-rays.  

   
………………………………………………………………………………………………………… 

   
………………………………………………………………………………………………………. [1] 
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8 Fig. 8.1 shows a positively charged rod, an uncharged metal sphere on an insulating stand and 
a connection to earth. 

Fig. 8.1 

(a) Describe how this apparatus is used to give the metal sphere a negative charge by 
induction. 

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

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

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

 
(b) State and explain what happens to the free electrons in the metal sphere during the  

charging process. 

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

  
………………………………………………………………………………………………………..[2] 

(c) At the end of the charging process, the metal sphere has a charge of 2.5 nC. 
 The charging process takes 4.0 ms. 
  

Calculate the average current during this time. 

current = …………………………… [2] 

charged rod 

uncharged 
metal sphere connection 

to earth 
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9   Fig. 9.1 shows a design for a simple circuit breaker. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 9.1 

 

 (a) When there is a large current in the circuit, the circuit breaker trips. 
   

Describe what happens to the soft-iron core, iron lever, spring and contacts. 
 
  soft-iron core: …..………………………………..…………………………………………………… 

  iron lever: .…………..………………………………………………………………………………… 

  spring: ..……………………………………...………………………………………………………… 

  contacts: ………………………………………..…………………………………………………. [4] 

 

 (b) Suggest one modification to the circuit breaker so that it will operate at a lower current. 

  ………………………………………………………………………………………………………… 

  ………………………………………………………………………………………………………. [1] 
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Name: Index number: Class: 

Section B 

Answer all the questions from this section.  
Answer only one of the two alternative questions in Question 12. 

 
10 Fig. 10.1 shows a device used to measure the flow of air. The turbine is made to rotate by the air 

that flows through it. The rim of the turbine contains small magnets. An e.m.f is formed in the coil 
wound on a soft-iron core nearby. 

 
 

 
 

 

 

 

 

Fig. 10.1 

 (a) Explain how an e.m.f is formed in the coil. 
  
  ………………………………………………………………………………………………………….. 
  
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………. [3] 
 

(b) The line on Fig. 10.2 shows how the induced e.m.f. varies with time when the turbine rotates 
at a steady speed. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10.2 
 

On Fig. 10.2, draw a line to show how the induced e.m.f. varies if the turbine rotates twice 
as fast. 

[3] 
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A power station generates electrical energy at 25 kV, 12 kA. Fig. 10.3 shows the generator in the 
power station connected to the primary coil of an ideal transformer. The transformer changes the 
voltage before the electrical energy is transmitted across the country. 
 
The output from the secondary coil of the transformer is 400 kV. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10.3 
 
(c) Calculate the turns ratio, the number of turns in the secondary coil to the number of turns in 

the primary coil. 
 
 
 
 
 
 
 
 
 
 

turns ratio = …………………………….. [1] 
 
(d) Assuming the transformer is ideal, calculate the output current from the transformer. 
 
 
 
 
 
 
 
 
 

output current = …………………………….. [2] 
 

(e) State one advantage of using a high voltage for the transmission of the electrical energy. 
 
 ………………………………………………………………………………………………………….. 

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

 

25 kV 400 kV 
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11 (a)  What is the difference between input transducers and output transducers?   
 
……………………………………………………………………...………………………………...… 
 
…………..……………..………………………………………………..…………………..……… [1] 
 

(b) Fig. 11.1 shows how the resistance of the thermistor changes with temperature. 

 

 

Fig. 11.1 

(i) From the graph, determine the resistance of the thermistor at 40 °C.     
 

 

 

resistance of thermistor = …..…………………. [1] 

(ii)  Explain why the graph shows that the temperature sensor is a non-ohmic device. 
           
……………………..……………..……………………………………………………………….. 

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

 

 

 

 

 

 

temperature / °C 

re
si

st
an

ce
 / 

kΩ
 

60 50 40 30 20 10 0 

0 

5 

10 

15 

20 
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(c) The thermistor is connected to a circuit in Fig. 11.2.  The variable resistor R is set at 7.5 kΩ and 
the battery has an e.m.f of 20.0 V. 

 

 

 

Fig 11.2 

 When the switch is closed, determine the current (in mA) flowing in the circuit at 40 °C. 
 

 

 

 

current = ………..……………. [2] 

(d) The variable resistor R is connected to an electronic circuit as shown in Fig. 11.3. The 
electronic circuit is switched on when the potential difference across R is between 6.0 V to 
10.0 V. The resistance of the variable resistor is still set at 7.5 kΩ. 

 
 

 

 

 

 

 

 

Fig. 11.3 

(i)     Calculate the output voltage across R when the temperature is 40 °C.   

 

 

 

 

output voltage = ………………… [1] 

R 20.0 V  to electronic 
circuit 

 

R 20.0 V  

www.KiasuExamPaper.com 
182



17 
 

[Turn over 
CHIJSec/2022/OLevelPrelim/6091/02 

(ii)  Calculate the maximum and minimum temperature for the electric circuit to be switched  
on. 

    
             

 

 

 

 

 

 

 

 

  maximum temperature = ………………………. 

minimum temperature = ………………………. 
[3] 

 
(iii)  Suggest a use for this circuit.        

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

……………..……………..………………………………………………………….………… [1] 
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12 EITHER 
 

Fig. 12.1 shows an electrical circuit with six identical resistors of 10 Ω, a lamp, a voltmeter 
and a dry cell. The electromotive force of the dry cell is 24 V and the voltmeter connected 
across the lamp reads 6.0 V. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12.1 
 

(a) Calculate the effective resistance between the points AB. 
 
 
 
 
 
 
 
 

  effective resistance = ……………………….. [2] 

 (b) (i) Define electromotive force and potential difference in terms of work done. 
   

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

…...…………….…………………………………………………………………………….. 
 
…...…………….…………………………………………………………….…………… [2] 
     

  (ii) State the potential difference between AB. 

potential difference = …………..……………… [1] 
 

24 V 

   V 

A B 

6.0 V 
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  (c) (i) Calculate the current supplied by the dry cell. 
 
 
 
 
 
 
 

current = ………………………….. [2] 
  
   (ii) Calculate the resistance of the lamp. 
 
 
 
 
 
 
 
 
 
 

resistance = …………………………. [1] 
 
  (d) Explain why there is a need to earth the metal casings of all electrical appliances. 
 
   …………………………………………………………………………………………………….. 
  
   …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………. [2] 
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12 OR 

(a) (i) Fig. 12.2 shows an object O placed in front of a converging lens. Complete the scaled  
ray diagram by adding two rays to show how a converging lens forms the virtual image 
of the object with a linear magnification of 2.0. 
(linear magnification = image height/object height) 
 
Mark the focal point and label it as ‘F’.           [2] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12.2 
 

(ii) Fig. 12.3 shows an object O placed in front of a converging lens. Complete the scaled 
diagram by adding two rays to show how a converging lens forms the real image of the 
object with a linear magnification of 2.0.  
 
Mark the focal point and label it as ‘F’.           [2] 
    

 

 

 

 

 

 

 

 

 

 

           
               Fig. 12.3 

 

O 

O 
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(b) The image formed in Fig. 12.2 is virtual and enlarged.  
 

State one other characteristic of the image in Fig. 12.2.      
  

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

…………………………..………………………………………………………………………..… [1] 
 
(c) Name a particular use of the lens arranged in Fig. 12.3, and explain why the characteristics  

of the image described is suitable for the use stated. 
 

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

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

 …………………………..………………………………………………………………………..… [2] 
 
(d) The converging lens can also be used in a photocopying machine to make identical copies  

of documents.  
 
With reference to the lens, where should the object be placed so that the lens can be used 
in a photocopying machine. 
 

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

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

 (e) The converging lens works based on the use of curved surfaces and the laws of refraction.  
 
State the two laws of refraction. 
 

 1. …...…………………..…………………………………………………………………………...…. 

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

 2. …...…………………..…………………………………………………………………………...…. 

 …………………………..………………………………………………………………………..… [2] 

  

 

 

 

 
 
 

- End of Paper - 
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1 What is the conversion factor for converting micrometres (μm) to gigametres (Gm)?

A 10-15

B 10-12

C 1012

D 1015

2 What are S.I. base units for Watt? 

A kg m s2

B kg m s-2

C kg m2 s-2

D kg m2 s-3

3 The diagram shows a car moving at constant speed when turning around a bend.

Which is correct description of the velocity and acceleration of the car?

velocity of the car acceleration of the car

A constant non-zero

B constant zero

C changing non-zero

D changing zero

car around a bend
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4 The diagram shows the velocity-time graph of an object.

What is the constant deceleration of the object?

A 2.5 m / s2

B 3.1 m / s2

C 5.0 m / s2

D 7.5 m / s2

5 The diagram shows a metal beam supported by three cables at a construction site. Point P is
where the three cables are joined at and is in equilibrium.

Which vector diagram shows the forces acting at point P?

A C DB

metal beam

time / s

m / s

0

5

10

15

20

25

2 4 6 8 10 12 14 16 18 20 22 24

cablesP

velocity

www.KiasuExamPaper.com 
196



4

[Turn over

6 The diagram shows the robotic helicopter Ingenuity exploring Mars. The helicopter weighs 
7.20 N on Mars. Mars has a gravitational field strength of 4 N / kg.

A similar helicopter is used to explore the Moon. Moon has a gravitational field strength of 
1.6 N / kg.

What is the weight of the helicopter on the Moon?

A 1.80 N

B 2.88 N

C 7.20 N

D 11.5 N

7 The diagram shows two objects P and Q. Object P is a copper bar with its dimensions shown 
and mass of 210 g. Object Q is a copper cup made from melting 200 g of object P.

What is the density of the copper cup?

A 8.33 g / cm3

B 8.75 g / cm3

C 4800 g / cm3

D 5040 g / cm3

NASA

P Q2 cm

2 cm

6 cm
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8 The diagram shows a uniform rectangular steel bar placed on a rough horizontal flat surface. 
A horizontal force F acts on the top end of the steel bar. The steel bar weighs 30 N.

What is the force F required to just tilt the steel bar from the horizontal surface?

A 2.5 N

B 5 N

C 10 N

D 20 N

9 The diagram shows a three-tier bookshelf. A box is placed on the middle tier of the bookshelf.

Which action would make the bookshelf more stable?

A add another box on the top tier of the bookshelf

B change the bookshelf to another bookshelf of a denser material

C move the box to the top tier of the bookshelf

D place the box on the bottom tier of the bookshelf

5 cm

15 cm

rough horizontal 
flat surface

uniform rectangular 
steel bar

F

bookshelf

box
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10 A crane is used to lift concrete blocks in a construction site. A concrete block weighs 5000 N.

What is the total energy required by the crane to lift the concrete block up 12 m height if the 
efficiency of the crane is 85%?

A 51.0 kJ

B 70.6 kJ

C 510 kJ

D 706 kJ

11 A bus travels at a constant speed of 20 m / s for 3 km.

What is the power of the bus with a forward force of 4000 N?

A 80 W

B 600 W

C 80 000 W

D 600 000 W

12 The diagram shows a U-tube filled with mercury and liquid X. Mercury has a density of 
13.6 g / cm3.

What is the density of liquid X?

A 7.67 g / cm3

B 8.00 g / cm3

C 10.8 g / cm3

D 17.1 g / cm3

4.5 cm

6.7 cm

3.9 cm
liquid X

mercury

reference line
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13 The diagram shows a pile of identical bricks. Each brick is 0.30 m long by 0.10 m wide and 
0.15 m high. Each brick has a weight of 12 N. 

What is the pressure exerted on the ground by the pile of bricks?

A 33.3 Pa

B 400 Pa

C 800 Pa

D 6400 Pa

14 The pressure of gas in a container is measured and found to be linearly related to the 
temperature of gas in the container. The following results were obtained.

What is the temperature of gas when the pressure of gas is 620 Pa?

A 26.1 °C

B 44.4 °C

C 60.6 °C
D 76.9 °C

15 A fixed shaped sealed container filled with gas is heated.

Which property of the gas must also increase?

A average force of particles acting on container walls

B density of gas

C distance between gas particles

D number of gas particles in container

temperature of gas / °C pressure of gas / Pa

25.0 560

80.0 730

one brick

pile of bricks
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16 The diagram shows a gas trapped in a cylinder with a movable piston.

Which pressure-volume graph shows the relationship between the pressure of the gas in the 
cylinder and the volume of gas?

17 The diagram shows part of a vacuum flask. The vacuum flask contains cold water.

Which row gives the colour for the inside surfaces to keep the water cold and the explanation?

colour of inside surfaces explanation

A black good absorber

B black good emitter

C silver bad absorber

D silver bad emitter

gas movable piston

movement of piston

cylinder

volume / m3

pressure / Pa

0

A C DB

pressure / Pa

0

pressure / Pa

0

pressure / Pa

0volume / m3 volume / m3 volume / m3

cold water

vacuumvacuum

inside surfacesinside surfaces

glass wallsglass walls
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18 A metal chair and a wooden chair are placed in a room for some time. 

Which statement explains why the metal chair feels colder than the wooden chair of the same 
temperature?

A Metal is a good absorber of thermal energy.

B Metal is a good conductor of thermal energy.

C Metal is a good emitter of thermal energy.

D Metal is a good reflector of thermal energy.

19 The diagram shows a burning candle next to a beaker filled with water.

How does thermal energy transfer from the burning candle to the water?

A
B convec onduction

C radiation duction

D radiation vection

20 A beaker containing liquid alcohol evaporates into alcohol vapour at room temperature.

What happens to liquid alcohol in the beaker and alcohol vapour during evaporation?

A Liquid alcohol gains kinetic energy and alcohol vapour loses potential energy.

B Liquid alcohol gains potential energy and alcohol vapour loses kinetic energy.

C Liquid alcohol loses kinetic energy and alcohol vapour gains potential energy.

D Liquid alcohol loses potential energy and alcohol vapour gains kinetic energy.

burning 
candle

beaker

water
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21 The diagram (drawn to scale) shows the top view of a rectangular room. A 3.6 m wide plane 
mirror is placed in front of the room. An observer is standing in the centre of the room looking 
for at the mirror.

Which image of the four people, ( A, B, C, D ) standing at the position shown cannot be seen 
by the observer in the mirror?

22 The diagram shows a spring oscillating vertically. Point X at the end of the spring is moving 
between two vertical points 1.4 cm apart.

Which row describes the wave?

amplitude / cm wavelength / cm

A 0.7 11.4

B 0.7 22.8

C 1.4 11.4

D 1.4 22.8

10.0 m

8.0 m

3.6 m 3.2 m

observer

A

B

C D

22.8 cm

1.4 cm

spring

point X
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23 The diagram shows water wavefronts reaching a hard flat wall. 

Which shows the wavefronts after hitting the hard flat wall?

24 Which statement about infra-red radiation is incorrect?

A Infra-red radiation does not have electric charge.

B Infra-red radiation has a higher frequency than microwaves.

C One use of infra-red radiation is in intruder alarm.

D Visible light has a longer wavelength than infra-red radiation.

25 Which row lists the applications of ultra-violet radiation and microwaves?

ultra-violet radiation microwaves
A treatment of cancer sterilisation

B satellite television treatment of cancer

C sterilisation sunbed

D sunbed satellite television

A

C D

B

hard flat wall

Direction of waves 
before hitting wall
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26 The diagram shows a cathode-ray oscilloscope screen measuring sound signal and its echo. 
Each division is set at 20 ms and speed of sound in air is 300 m / s. 

What is the distance between the source of sound and the surface where the sound was 
reflected?

A 12 m

B 15 m

C 24 m

D 30 m

27 Which displacement-time graph correctly describes the waveform of sound increasing both 
loudness and pitch?

1 division

A

C D

B

0
time / s

displacement / cm

0
time / s

displacement / cm

0
time / s

displacement / cm

0
time / s

displacement / cm
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28 The table gives type of charges acquired when some materials are rubbed together.

materials positive charge negative charge

glass rod rubbed with silk glass rod silk

ebonite rod rubbed with fur fur ebonite rod

Which statement is incorrect?

A Ebonite rod gains electrons from fur after rubbing together.

B Glass rod and ebonite rod will be attracted to each other.

C Glass rod loses electrons to silk after rubbing together.

D Silk and fur will repel each other.

29 The diagram shows a negatively charged metal sphere placed on an insulating stand.

A positively charged rod is brought near to the metal sphere and the sphere is earthed.

What diagram shows the charge distribution on the sphere?

negatively charged 
metal sphere

insulating stand

_
_

_
_

A

C D
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30 The potential difference between the ends of a resistance wire is 40 V. A current of 80 mA 
flows through the resistance wire in 350 μs.

How much electrical energy is converted to other forms of energy in the resistance wire?

A 1.12 mJ

B 1.43 mJ

C 1.12 MJ

D 1.43 MJ

31 A resistor with resistance R is made from a length L of resistance wire with a cross-sectional 
area A.

A second resistor with resistance 4R is made from wire of the same material with a length of 
L/2. 

What is the area of cross-sectional area of the wire needed for the second resistor?

A A/8

B A/4

C 4A

D 8A

32 The diagram shows three resistors, four ammeters, a battery, and a switch.

Which ammeter reads 0.07 A when the circuit is switched on?

20
A

A

A

A
A

B

C

D

2 V

40

100
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33 The diagram shows an electrical plug of a 1500 W electric kettle connected to a 240 V supply.

What is the current in the three wires when the kettle is working normally?

live wire / A neutral wire / A earth wire / A
A 0 0 6.25

B 6.25 0 0

C 6.25 6.25 0

D 6.25 6.25 6.25

34 A 2.5 kW air-conditioner is switched on for 6 h daily. It cost $0.32 for 1 kW h of electrical energy.

What is the cost to use the air-conditioner for 1 month (30 days)?

A $4.44

B $23.00

C $144

D $1410

35 The diagram shows a bar magnet with four plotting compasses placed near it.

Which plotting compass needle is pointing at the correct direction?

N S

A

B C

earth wire

live wire

neutral wire

fuse

cord grip

D
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36 Which statement about magnets is incorrect?

A All magnets have North and South poles.

B Magnetic materials can be made into magnets.

C Magnets can repel other magnets.

D Magnets have electric field around it.

37 The direction of current flow in a wire is denoted by          .

Which diagram represents the magnetic field around the wire?

38 The diagram shows a beam of electrons entering a magnetic field.

Which of the following describes the movement of the electrons as it enters the magnetic field? 

A The electrons are deflected into the paper.

B The electrons are deflected out of the paper.

C The electrons are deflected to the left.

D The electrons are deflected to the right.

direction of beam 
of electrons

magnetic 
field

A C DB
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39 What happens when a simple a.c. generator doubles the speed of rotation?

A The amplitude of induced e.m.f. is doubled and frequency is doubled.

B The amplitude of induced e.m.f. is doubled and frequency is halved.

C The amplitude of induced e.m.f. is halved and frequency is doubled.

D The amplitude of induced e.m.f. is halved and frequency is halved.

40 The diagram shows an ideal transformer which has 4000 turns in the primary coil. The primary 
voltage is 600 V. The secondary coil is connected to a 60 W lamp.

What is the number of turns required at the secondary coil if the lamp requires 0.5 A to work?

A 500 turns

B 800 turns

C 1200 turns

D 1600 turns

End of Paper

primary voltage
600 V

secondary coil

60 W 
lamp 

primary coil
4000 turns
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2
0

6

3

time / s
8 10 124

2

1

-3

-1

-2

0

Section A (50 marks)
Answer all the questions in this section.

1 Fig. 1.1 shows the velocity-time graph for the motion of an object.

(a) Calculate the displacement of the object from 0 s to 6 s.

displacement = ………………….. [2]

(b) Using a suitable scale for y-axis in Fig. 1.2, sketch a graph to show the displacement of the 
object with time from t = 0 s to t = 12 s.      [3]

[Total:5]

Fig. 1.1

displacement / m

0 2 6
time / s

8 10 124
Fig. 1.2

m / s
velocity
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2 Fig. 2.1 shows a bin with a foot pedal mechanism to lift the bin cover. The movable link rotates 
about the link pivot. When downward force is applied on the foot pedal at the left side of movable 
link, the movable link pushes the rod at A. The rod at B will push and lift the bin cover about the 
cover pivot. 

(a) Describe the rotation of the movable link when a downward force is applied at the foot pedal.

……………………………………………………………………………………………………………

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

(b) Explain why the rod transmit the same amount of upward force at A as the downward force 
applied at the foot pedal.

……………………………………………………………………………………………………………

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

(c) The bin cover weighs 4 N. The centre of gravity of the bin cover is 28 cm from the cover pivot. 
The rod at B is 2 cm from the cover pivot.
Calculate the downward force applied at the foot pedal required to just lift the bin cover.

force = …………………….. [2]

(d) Suggest how the distance between rod at B and the cover pivot should be changed to reduce 
the amount of force to lift the bin cover.

……………………………………………………………………………………………………………

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

Fig. 2.1

bin

downward force on 
the foot pedal

bin cover

movable link

rod

cover pivot

link 
pivot A

B

25 cm 25 cm

2 cm

28 cm

4 N

[Total:5]
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3 (a) Draw, in the space below, a simple mercury barometer. Use the diagram to describe how it is 
used to measure the atmospheric pressure.

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

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

(b) Fig. 3.1 shows a dropper and a beaker of water.
Explain, in terms of air pressure, how water is obtained from the beaker by the dropper.

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………[2]

Fig. 3.1

dropper

dropper tube

water in a 
beaker

[Total:5]
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4 Fig. 4.1 shows a beaker of water placed in a freezer. The maximum power of the freezer that can 
be supplied to the water is 150 W. The beaker contains 250 g of water initially at 30 °C. The specific 
heat capacity of water is 4.2 J / g °C and specific latent heat of fusion of water is 334 J / g.

(a) Explain what is meant by

specific heat capacity, : ……………………………………..………………………………………… 

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

specific latent heat of fusion. : ………………………………………………………………………..

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………[2]

(b) Assume that there is no change of state for water and specific heat capacity of the beaker is 
negligible. Calculate the time taken to cool the water in the beaker to ice point.

time = ……………………… [2]

(c) Calculate the mass of ice produced if the beaker of water at 0 °C is kept in the freezer for 
another minute.

mass of ice = ……………………… [2]

Fig. 4.1

[Total:6]

freezer
water in a 

beaker
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5 Fig. 5.1 shows two men standing at points P and Q. Both men are facing towards a wall. A sound 
is made by the man at Q and the man at P heard it 2.5 seconds later.

(a) Calculate the distance d between the men at points P and Q if the speed of sound in air is 
330 m / s.

d = ……………………… [1]

(b) Calculate the time for the second sound to reach the man at point P if the man at point Q is 
50 m in front of a wall.

time = ……………………… [2]

(c) Fig. 5.2 shows a scaled diagram (1 cm representing 0.1 m) of the sound produced by the man 
at Q. The dots represent the air particles displaced from the equilibrium position represented 
by vertical lines.

(i) Determine the actual amplitude of the sound.

amplitude = ……………………… [1]
(ii) Determine the actual wavelength of the sound.

wavelength = ……………………… [1]
(iii) Hence, calculate the frequency of the sound.

frequency = ……………………… [1]
[Total:6]

P Q

wall

d 50 m

Fig. 5.1

Fig. 5.2 Equilibrium 
position

Air 
particle
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6 Fig. 6.1 shows a positively charged plastic rod held in place on a metal retort stand. One end of 
the plastic rod is attracting small bits of uncharged paper on a tabletop.

(a) Explain why the positively charged plastic rod is clamped by the metal clamp and retort stand
without losing its charges.

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

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

(b) Explain how a small bit of uncharged paper is attracted to the positively charged plastic rod.

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………[2]

(c) State what is meant by an electric field and how the direction is determined.

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………[2]

Fig. 6.1

positively charged 
plastic rod

[Total:5]

Small bits of 
uncharged paper

metal retort 
stand

metal 
clamp

tabletop
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7 Fig. 7.1 shows a circuit diagram. The lamp P has a resistance of 25 . The thermistor Q has a 
resistance of 10 when the surrounding temperature is high and 200 when the surrounding 
temperature is low. 

(a) Calculate the current flowing in the battery when the surrounding temperature is low.

current = ……………………… [2]

(b) Calculate Vout when the surrounding temperature is high.

Vout = ……………………… [2]

(c) State and explain whether the brightness of the lamp will change when the surrounding 
temperature changes.

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………..…………….………………………………………………………………[2]

3 V

50

Vout

Fig. 7.1

[Total:6]

thermistor 
Q

lamp P
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8 Fig. 8.1 shows a toaster connected to the mains supply with a three-pin plug

(a) Explain why a three-pin plug is necessary to connect the toaster to the main supply.

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………[2]

(b) The plug has a fuse.
Explain the function of the fuse and how it is connected to the mains supply.

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………..…………….………………………………………………………………[2]

(c) The toaster is rated 2000 W and the mains supply is 240 V.
Determine a suitable fuse for the toaster. The available fuses are 1 A, 3 A, 5 A, 7 A, 10 A and 
13 A.

fuse selected = ……………………… [2]

three-pin 
plug

mains supply

toaster

Fig. 8.1

[Total:6]
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9 Fig. 9.1 shows two permanent bar magnets placed near each other.

(a) Draw on Fig. 9.1, the magnetic field lines around the two permanent bar magnets.      [2]

(b) Explain why steel is a suitable material to make a permanent bar magnet while iron is suitable 
as an electromagnet.

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………..…………….………………………………………………………………[2]

(c) Describe, with an aid of a suitable diagram, what is induced magnetism.

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………[2]

Fig. 9.1

N

N

S

S

[Total:6]
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Section B (30 marks)
Answer all the questions in this section.

Answer only one of the two alternative questions in Question 12.

10 (a) Fig. 10.1 shows a solar cell placed outdoors in the sun. A ray of light is drawn incident on the 
solar cell.

Five similar solar cells (A, B, C, D, E) are placed at five different angles of incidence and the 
power produced by the solar cells are recorded in Table 10.2 for two days.

day 1 day 2
solar cell angle of incidence / ° power produced / W power produced / W

A 15 0.765 0.680
B 30 0.723 0.598
C 45 0.640 0.483
D 60 0.525 0.423
E 75 0.403 0.333

(i) Complete Fig. 10.1 by including the normal line and the angle of incidence for the ray of 
light shown. Label the angle of incidence i.      [1]

(ii) Using the data from Table 10.2, describe and explain the relationship between the angle 
of incidence and power produced. 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………[2]

Fig. 10.1
solar cell

Sun

ray of sunlight

Table 10.2
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(iii) If a sixth solar cell is available, deduce the angle of incidence that it should be placed to 
obtain the maximum power produced.

………………………………………………………………………………………………………

………………………………………………………………………………………………………

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

(iv) The data collected on Table 10.2 for both days are taken at the same time of the day and 
same location.
Suggest a reason for the difference in power produced by the solar cells.

………………………………………………………………………………………………………

………………………………………………………………………………………………………

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

(d) Fig. 10.3 shows a glass prism. A ray of light is incident on the glass prism. The glass prism has 
a refractive index of 1.52. 

(i) Calculate the critical angle of the glass prism.

critical angle of glass prism = ………………… [1]

(ii) Complete Fig. 10.3 by continuing the ray of light incident on surface PQ of the glass prism. 
Determine the angle of refraction if any.      [2]

Fig. 10.3

glass prism

ray of light

P

Q

15°
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(iii) Fig. 10.4 shows two glass prisms X and Y of the same refractive index but with different 
angles.

State which prism, if any, would the ray of light be totally internal reflected. Explain your 
answer.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………….……[2]

[Total:10]

30°

60°

Fig. 10.4

ray of light
ray of light

prism X prism Y
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11 (a) Fig. 11.1 shows a man pulling a rope tied to a box. The box has a mass of 12 kg. The box 
moves from rest to 0.8 m / s in 5 s. The friction acting against the box is 60 N.

(i) Calculate the acceleration of the box.

acceleration = ………………… [1]

(ii) Calculate the force exerted by the man on the rope to move the box in the first five 
seconds.

force applied = ………………… [2]

(iii) Calculate the work done to move the box for 7 m at constant speed of 0.8 m / s. Assume 
friction acting against the box is constant.

work done = ………………… [2]

Fig. 11.1

box

rope

floor

man
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(b) Fig. 11.2 shows a ball at the top of a 4 m high slope. The ball has a mass of 50 g. It moves 
down the frictionless slope from rest.

(i) Calculate the height of the ball on the slope when the gravitational potential energy and 
the kinetic energy of the ball are the same.

height of ball = ………………… [2]

(ii) Calculate the speed of the ball when it reaches the bottom of the slope.

speed of ball = ………………… [2]

(iii) State whether the speed of the ball depends on the mass of the ball.

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………[1]
[Total:10]

Fig. 11.2

ball

4 m
frictionless slope
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12 EITHER

(a) Fig.12.1 shows a relay switch used to operate an electric motor.

(i) Explain, in terms of its magnetic properties, why the support is made of iron.

………………………………………………………………………………………………………

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

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

(ii) Describe how the relay turns on the electric motor when the switch S is closed.

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

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

………………………………………………………………………………………………………

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

(iii) Describe the changes that would occur if the polarity of the battery X next to switch S is 
reversed.

………………………………………………………………………………………………………

………………………………………………………………………………………………………

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

Fig. 12.1

soft iron core

soft iron armature

pivot

contacts
A

B

springy metal
electric motor

dc supply

insulator

iron support

battery X switch S

coil of wire
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(b) Fig. 12.2 shows part of a single-coil motor. 

(i) If the direction of current flow in the coil is from A to B to C and D, state the direction of 
rotation of the coil about axis of rotation XY.

………………………………………………………………………………………………………

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

(ii) Complete Fig. 12.2 by adding the main parts of the motor and external electrical circuit.
    [2]

(iii) Describe two ways to increase the turning effect of the motor.

………………………………………………………………………………………………………

………………………………………………………………………………………………………

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

………………………………………………………………………………………………………

……………………………………………………………………………………………………[2]

Fig. 12.2

[Total:10]

A

B

C

D

Y

X

axis of 
rotation
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12 OR

(a) Fig. 12.3 shows a permanent magnet hanging on a spring. The poles of the magnet are
oscillating vertically. A conducting wire is placed between the oscillating poles. The conducting 
wire is connected to a sensitive galvanometer.

(i) Explain why the needle of the sensitive galvanometer is oscillating about its zero position

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

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

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

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

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

(ii) Draw on Fig. 12.3, arrows to show the direction of current flow in the conducting wire when 
the magnet is moving upwards.     [1]

(iii) If the sensitive galvanometer is replaced by a lamp, explain why the light given out by the 
lamp would not be suitable for reading.

………………………………………………………………………………………………………

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

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

Fig. 12.3

permanent magnet 
hanging on spring

sensitive 
galvanometer

spring

conducting wire

NS

Direction of 
oscillating magnet
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(b) Fig. 12.4 shows a simple electrical power distribution from a power station to homes.

(i) Complete the blanks in Fig. 12.4 by naming the type of transformer located after the power 
station and before electrical supply reaches the homes.      [1]

(ii) Explain the function of these two transformers in terms of distribution of electrical supply.

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

………………………………………………………………………………………………………

………………………………………………………………………………………………………

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

……………………………………………………………………………………………………[2]

(iii) With the aid of a simple labelled diagram of a transformer, describe the structure and 
principle of operation of a simple iron-core transformer.

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

………………………………………………………………………………………………………

………………………………………………………………………………………………………

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

……………………………………………………………………………………………………[2]

End of Paper

[Total:10]

Fig. 12.4
power station

…………………. 

transformer
…………………. 

transformer

homes
electrical power cables
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Qn Marking Scheme Remarks Marks
11(a)

(b)

(i) Acceleration = (v – u) / t
                     = (0.8 – 0) / 5 
                     = 0.16 m/s2

(ii) F = ma
Applied force – 60 = 12 x 0.16
Applied force = 1.92 + 60 = 61.9 N (3 s.f.)

(iii) Work done = force x distance moved
                   = 60 x 7
                   = 420 J

(i) Gravitational energy at top of slope = m g h
                   = (50 / 1000) x 10 x 4
                   = 2 J
Height of ball when it has the same amount of gravitational potential 
energy and kinetic energy is when it has 1 J of GPE
That occurs at height 2 m on the slope.

(ii) Kinetic energy at bottom of slope = ½ m v2

                          2 = ½ x (50 / 1000) v2

(iii) Speed of ball does not depend on mass of the ball.

Correct working
Correct answer and unit
Allow for e.c.f. in (i)
Correct working
Correct answer and unit

Correct working
Correct answer and unit

Correct answer
Suitable explanation

Correct working
Correct answer and unit
OWTTE

B1

C1 
A1 

C1 
A1 

B1 
B1 

C1 
A1 
B1

m g h

ameeeeeeeee amaaaaa ouuouuuuououuuuououuououuuuuuuuuouuuuuuuuuuuuuuuuuuntntntntntntntnttntntntntntntntntntntnntntntntntnttttnttttttttttnnttttttttttt oooooooooooooooooooooooooooooooooooooooooooooofffffffffffffffffffffffffffffffffffff ffffff grgrgggggrgggrgrgrggrgrgrgrgrgrrrrggg avaaaaaaavavavavavavavavavavvvvvviiiiititititititaaaatttttttttttttttttttttttioiooooiooooooooooooooiooonanaananananananaanannanananaanananananaanal pooooooooooteteteteteeteteteteteteteteteteteteteteetentntntntntntntntntntntntntntntntntntntntnttntial
when ititititit hhhhhhasasasaaa 111111111111111 JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooffffffffffff fff f ffffffffffffffffffffffffffffff GPGGPGPGGGGGGGGGGGGGPGPGPGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG E

on ttttttttttttttttthehhh  slopeeeee....
m of slslslslsloppppopopoo eeeeee = ½ m vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv22222222222222222222222

½ xxxxxxxxxxxxxxxxxxxx (55(55(5(555555(5(55(55(5(5(5(5(5(5(5(55(5555(5(55((55(( 00000000000000000 0000000000000000000 / / / ///// /// / ///////// ////// 10000000000000000 )))))) v2

does nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnototototototototototototototototoototooottottottttt ddddddddddddddddddddddddddddddddddddddddepepepeppepepepeppepepeppppepeppeeeepepeepepeeepeepeepeeeepeeeeppppppppppppenenenennnenenennenennnennenenennennenenenenenenenennnnenneneneeeeeeeeeeeeeeeee ddddddddddddddddddddddddd ooooooonoooooooooooooooooooooooooooooooooooo  masssssssssssssssssssssssssssss ofofofofofofofofofofofoofoofofoffofoofofofofooofofofofoffooofofofffoffoofoff ttttttttttttttttttttttttttttheheheheheheehehhehehhhhhehehhhehhheeheeehee ball.

Co
Corr
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Qn Marking Scheme Remarks Marks
12E(a)

(i)

(ii)

(iii)

E(b)
(i)

(ii)

(iii)

The support is made of iron so that magnetic field is shielded so that 
the soft iron armature is attracted at the end of the soft iron core 
only. 
When the switch is closed, the soft iron core becomes an 
electromagnet. It attracts the soft iron armature and the soft iron 
armature rotates anticlockwise pushing contact B and A together. 
The circuit closes and electric motor is turned on. 
If the polarity of the battery is reversed, the magnetic poles of the soft 
iron core is also reversed. 

The coil is rotating anticlockwise about XY axis.

The turning effect of the motor can be increased by increasing the 
voltage and by increasing the number of turns in the coil.

OWTTE

OWTTE

OWTTE

OWTTE

Battery (DC supply with correct polarity), split 
ring and carbon brush must be added to the 
diagram

Label parts correctly

Any suitable answer

B1 

B1 
B1 

B1 

B1 

B1 

B1 

B1 

B1 
B1

A

B

C

D

Y

X

axis of 
rotation

Carbon 
brush

Split 
ring

on

an n n n n  
nd theeeee e sos ft irrrrorr n 

B anddddddddddddd AAAAAAA A AAAAAAAAAAAAAA tototototototototototototototototototottt gegegegegegegegegegegegegegegegegegegegegg tther. 
d on.

agneticiciciciciciciciciiciciciciiii pppppppppppppololololoooolololololeseseseseseseseseseseseseseesesesesesesses of thththththththththththththththththththththt eee ee e e eeeee e ee ee ee ee ssosossssososososososososossss ftftftftftftftft 

out XY axixixixixixixixixixiiissssssssssss.s.s.s.s.s.s.s..

turnninininininininininggggggggg efefeeeee fef ctct of f ththhhhhhhhhhhhhhhhhhhhhhhhhhhthhhhhhhhhhhhhhthhhhhhhhhthhhhhhhhhhhhhhhhhhhhhhhheeeee eeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee mommmmomomomomomomomomomomomoomomommomommomoommmommmomomomommmomoomommooomomommoommomoomomommoomommoooomoooooomommmmmm tttotottotototototoototoootototototootototototototototttotttotottoottottttotttottootooottotooooooootootttt r caan nnnnnnnnnnnn nn nnn nnnn bebebebebebeeeeeeeeee incccccccccccccccrerererererereererererereererererererererererereeaaaaaasasaaaaaaaaaaaaaaaaa e
anddddddddd bybybybybyybybyyybybybybybybbybybyby iiiiiiiiiiinncnnnncnnnncnncncncncncncncreeeeeeeeeeeeeeeeeeeeeeeeeeeeasasasasasasaasasasaasaasasaaaaasasasssasasasasaaasasasaasasasasaasasaaaaassasasasaasaaasssasssssssssssasassssasssssssssssssssssssssininininninnnnnnnnnnnnininnnnnnnnninnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnngggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg ththttttttttttttttttttttttttttttt e nununuuuunununununununununununuuununnuuunnumbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmmmbbmmbm er ooooooooooooooooooooooooof f fff fff f f ff ffff f ffffffffff tututututututututututtutuuuttuttututttturn

OWT

OWWWWWWTTTTTTTTTTTTE

Battery 
ring
dia

AA

BBBBBBBBBBBBBBBBBBBBBBBBB

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

DD

YY

XXXXXXXXXXXXXXX

aaaaaaaaaaaaaaaxixixixixixixixixixixixixixixixixix s ssssssssssss ofofofooofofofofofffofofooofoofoffffffffffffffofffffoffffofffofffffofofffofofffffffffffffffffffffffofofffffffffffff 
rorooooooooooootatatatatatttatatatatatatatitititititititititittititititttionooooooooooooooooo
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Qn Marking Scheme Remarks Marks
12O(a)

(i)

(ii)
(iii)

(b)
(i)
(ii)

(iii)

The needle of the galvanometer is oscillating about its zero position 
because the permanent magnet is oscillating, and magnetic field is 
changing near the conducting wire. Induced emf is generated to 
oppose the changing magnetic field felt by the conducting wire. 
Arrow indicating out of the paper
The brightness of the lamp is not of the same brightness all the 
time.

Step-up transformer, step-down transformer
Step-up transformer increases the voltage in the transmission line 
while step-down transformer decreases the voltage supply to the 
homes. This would reduce power losses in the transmission wires.

The AC supply produces a changing magnetic field at the primary 
coil. This causes the secondary coil to induce emf to oppose the
changing magnetic field. The difference in turns in the primary coil 
and secondary coil will cause the primary voltage and secondary 
voltage to be different.

OWTTE

CAO
OWTTE

CAO
OWTTE

Suitable labelled diagram

OWTTE

B1
B1
B1

B1
B1

B1
B1
B1

B1

B1

Total: 
40
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2 
 
1  Fig. 1.1 shows the reading of a micrometer screw gauge when the spindle is totally closed.   

 
Fig. 1.2 shows the reading of the same micrometer screw gauge when it measures the diameter 
of a wire.  

 
Fig. 1.1  

 
Fig. 1.2 

 

What is the diameter of the wire? 
 

 A 3.95 mm B 4.45 mm C 4.53 mm D 5.03 mm 
  
  

2  Two vector quantities are added to produce a resultant.  
 
Which statement about the resultant is correct?  
 

 A It may sometimes be a scalar quantity.  
 

 B It may sometimes be zero.  
 

 C Its direction is always different from the directions of the two original vectors.  
 

 D Its magnitude is always different from the magnitudes of the two original vectors.  
  
  
3  A car decelerates at a constant rate from 6.0 m/s to v m/s for 2.0 s. It covers a distance of 10 m 

during the deceleration.  
 
How much longer will it take the car to come to rest if it continues to decelerate at the same 
constant rate? 
 

 A 2.0 s B 3.0 s C 4.0 s D 5.0 s 
  
  

4  The cable of a crane is used to lift a load of mass 500 kg. The cable exerts a force of 7 500 N on 
the load.  
 
What is the acceleration of the load? 
 

 A 5.0 m/s2 B 10 m/s2 C 15 m/s2 D 25 m/s2 
  
  

0 0 
10 

5 

 0 

45 

0 

5 

 45 

 40 
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5  The graph below shows how the resultant force acting on an object varies with time. 
 
 
 
 
 
 
 
Which graph correctly shows how the speed of the object varies with time? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
  

6  Two copper spheres P and Q are at rest on a frictionless surface.  
 
The same force F acts on sphere P and on sphere Q for the same time t.  
 
The volume of sphere Q is less than that of sphere P.  
 
Which quantity is the same for both spheres?  
 

 A density 
 

C weight 

 B kinetic energy gained D inertia 

resultant force 

time 0 

time 

speed 

A 

B 

speed 

C 

time 

speed 
D 

time 

speed 

0 

0 

time 0 

0 
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7  64 identical small cubes are arranged in a 8 × 4 × 2 block to form a big rectangular block. Each 

small cube has a density of ρ. 

 
If 16 small cubes are removed from the top layer of the rectangular block, what is the density of 
the remaining block consisting of 48 small cubes? 
 

 A ρ B 48 ρ 64 
 

C 64 ρ 48 
 

D 80 ρ 64 
 

         
         

8  The diagram shows two objects on a beam balance in equilibrium. 
 

 
 
Which of the following need not be the same?  
 

 A the masses of the two objects 
 

 B the moments about the pivot of the two objects 
 

 C the volumes of the two objects 
 

 D the weights of the two objects 
  
  

9  A metal cone with a circular base is placed on a flat surface. 

 
 
The stability of the cone depends on 
 

 A its weight and the position of its centre of gravity. 
 

 B 
 

the diameter of its base and the position of its centre of gravity. 

 C the diameter of its base only. 
 

 D the position of its centre of gravity only. 
 

cone 

flat surface 

x cm x cm 
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10  The diagram shows the lengths of the sides of a block. The block can rest on any of its faces. 
 
 
 
 
 
 
 
 
What is the weight of the block if the minimum pressure it can exert is 50 Pa? 
 

 A 5.0 N B 6.0 N C 7.5 N D 10 N 
  
  

11  The diagram shows the level X and Y in a liquid manometer connected to a gas supply.  
 

 
What is the pressure of the gas supply?  
 

 A 9 cmHg above atmospheric pressure 
 

 B 9 cmHg below atmospheric pressure 
 

 C 18 cmHg above atmospheric pressure 
 

 D 18 cmHg below atmospheric pressure 
  
  

12  A fish swims at a depth of 8.0 m below the surface of a lake.  
 
The atmospheric pressure is 1.0 × 105 Pa.  
 
The density of the water is 1000 kg/m3 and the gravitational field strength, g is 10 N/kg. 
 
What is the total pressure acting on the fish at this depth?   
 

 A 2.0 × 104 Pa 
 

C 1.1 × 105 Pa 

 B 8.0 × 104 Pa D 1.8 × 105 Pa 

      gas supply      tap 

mercury 

 9.0 cm 

 9.0 cm 

X

Y

 0.30 m 

 0.40 m 
0.50 m 
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13  Four cars start from rest and are driven along a road. 

 
The table shows the maximum speed achieved and the time taken to achieve the maximum speed.  
 
Which engine produces the highest average power? 
 

  maximum speed 
km/h 

 

time 
s 

 

 

 A 80 10  

 B 80 20  

 C 120 10  

 D 120 20  

  
  
14  What happens to the molecules of mercury when it freezes? 

 
 A They attract each other more strongly.  

 
 B They get smaller.  

 
 C They slow down. 

 
 D They stop moving.  
  
  

15  A fixed mass of gas is kept at constant temperature.  
 
When the volume of the gas decreases, the pressure increases. 
 
Why is this?  
 

 A The molecules are closer together and they collide more frequently.  
 

 B The molecules are closer together and they move faster.  
 

 C The molecules move more quickly and they collide more frequently.  
 

 D The molecules move more quickly and they hit each other harder.   
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16   
 
 
 
 
 
 
 
 
 
 
 
 
 

A beaker of water is heated at the bottom to form a convection current in the water.  
 
An explanation of convection current contains four statements.  
 

1 The water at the bottom becomes warmer. 

2 The density of the water decreases.  

3 Less dense water rises and cold water moves in to replace it. 

4 The water expands. 
 
Which option shows the correct order? 
 

 A 1  2  3  4 
 

C 1  4  2  3 

 B 1  3  4  2 D 1  4  3  2 
  
  

17  The diagrams show four identical cans with their outside surfaces painted either dull black or 
polished silver. Each can contains the same volume of hot water, initially at 90°C. 
 
               P               Q             R            S 

 
 
 
 
 
 
 
 
 
 
 
After five minutes in a cool room, which can contains the hottest water and which can contains 
the coolest water?  
 

  hottest coolest  

 A R Q  

 B R P  

 C S Q  

 D S P  

  
  
  
  
  

 lid 

 dull black                    polished silver                  dull black                   polished silver 
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18  Which physical property cannot be used to define a scale of temperature? 

 
 A the mass of a column of liquid 

 
 B the volume of a gas at a constant pressure 

 
 C the electromotive force produced between junctions of wires of different metals 

 
 D the resistance of a metal wire 
  
  

19  A block of copper is at room temperature.  
 
Which row describes a smaller block of copper at the same temperature?  
 

  internal energy heat capacity specific heat capacity  

 A less less same  

 B less same less  

 C same less same  

 D same same same  

  
  
20  Which changes of state occur as a result of the removal of thermal energy?  

 
 A boiling and melting 

 
 B boiling and solidification 

 
 C condensation and melting 

 
 D condensation and solidification 
   
   

21  Which row gives an example of a longitudinal wave and of a transverse wave?  
 

  longitudinal wave transverse wave  

 A light ultrasound  

 B microwaves radio waves  

 C radio waves microwaves  

 D ultrasound light  
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22  What happens to the speed, frequency and wavelength of a wave as it is refracted?  
 

  speed frequency wavelength  

 A changes changes stays the same  

 B changes stays the same changes  

 C changes stays the same stays the same  

 D stays the same stays the same changes  

  
  
23  A pin is placed in front of a plane mirror as shown. 

 
Where is the image of the pin?  

 
  
  

24  Light strikes the top surface of a glass block at an angle of 15° as shown. 
 
 
 
 
 
 
 
 
 
 
 
 
The speed of light in the glass block is approximately 2.0 × 108 m/s. 
 
What is the angle of refraction r ? 
 

 A 9.9 o B 23 o C 37 o D 40 o 

(not drawn to scale) 
glass 
block 

  
 pin 

A 

B 

C 

D 

15°

 mirror 

r 
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25  Statements 1 and 2 are about signals passing through an optical fibre of refractive index 1.5.  

 
1 The speed of the signal in the optical fibre is 3.0 ×108 m/s. 

2 There is less signal loss in the optical fibre than in a copper cable.  
 
Which statement(s) is/are correct?  
 

 A both statements 1 and 2 
 

C statement 1 only 

 B neither of the statements D statement 2 only 
  
  

26  The diagram shows the main sections of the electromagnetic spectrum in order of increasing 
frequency. Some of the sections are labelled.  
 

radio 
waves  Q visible 

light   gamma 
ways 

lower frequency  higher frequency 

 
The component Q has frequencies below visible light.  
 
What are the electromagnetic waves in component Q used for?  
 

 A killing cancerous cells 
 

 B satellite television 
 

 C sterilisation 
 

 D television remote controller 
   
   

27  A metal plate is oscillating up and down continuously. In 4.0 ms, it moves from the bottom position 
to the top position.  
 
The oscillation of the plate causes sound waves to be generated in the surrounding air. Sound 
travels at a speed of 340 m/s.  
 
What is the wavelength of these sound waves?  
 

 A 0.37 m B 0.74 m C 1.4 m D 2.7 m 
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28  A student played two musical notes, X and Y.  
 
The sound waves of X and Y have the same amplitude. 
 
The frequencies of X and Y are 256 Hz and 512 Hz respectively.  
 
A student made the following statements: 
 

1 Y has a higher pitch than X.  
 

2 Y is louder than X.  
 

3 The wavelength of Y is longer than that of X.  
 
Which statements is/are true?  
 

 A 1 only 
 

C 1 and 3 only 

 B 3 only D 2 and 3 only 
  
  

29  Two uncharged metal spheres, not touching one another, are suspended by means of cotton 
thread. A positively charged rod is brought near to the spheres as shown in the diagram.  
 

 
 

Which diagram shows what happens to the spheres? 
 

 A 
 
 
 
 
 
 
 
 

 

C 

 

 B 
 
 
 
 
 
 
  

 
 

D 

 

+ + 
+ + 

  -    + 
-        + 
  -    + 

  -    + 
-        + 
  -    + 

  -    + 
-        + 
  -    + 

+ + 
+ + 

+ + 
+ + 

  -    + 
-        + 
  -    + 

  -    + 
-        + 
  -    + 

+ + 
+ + 

  -    + 
-        + 
  -    + 

  +    - 
+        - 
  +    - 
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30  A piece of polythene is rubbed with a cloth duster. The polythene becomes negatively charged 

and the cloth becomes positively charged.  
 
What happens to the polythene and to the cloth to cause this?   
 

  polythene cloth  

 A gains electrons gains protons  

 B gains electrons loses electrons  

 C loses protons gains protons   

 D loses protons loses electrons   

  
  
31  A 12 V car battery is fully charged. It is connected in series to a lamp labelled 12 V, 24 W. The 

lamp shines at normal brightness for 25 hours.  
 
What is the size of the charge that passes through the lamp in this time?  
 

 A 3000 C B 45000 C C 180000 C D 1100000 C 
  
  

32  Three identical heating elements are wired up to the mains supply in the three arrangements 
shown.  

 
 
What is order of the resistance values of the arrangements X, Y and Z?  
 

  smallest  largest  

 A X Y Z  

 B X Z Y  

 C Y X Z  

 D Y Z X  

  
  

    arrangement X                    arrangement Y                       arrangement Z      

live live 

live

neutral neutral 

neutral 
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33  The diagram shows a potential divider system of two resistors connected to a 6.0 V power supply.  

 
  
What is the reading on the voltmeter?  
 

 A 1.0 V B 1.2 V C 2.0 V D 5.0 V 
  
  

34  The diagram below shows a circuit with a variable resistor and light dependent resistor (LDR) 
connected in series. 
 
 
 
 
 
 
 
 
 
 
 
When light shines brightly on the LDR, what will happen to the reading on the ammeter and 
voltmeter? 
 

  ammeter reading voltmeter reading  

 A increases increases  

 B increases decreases  

 C decreases increases  

 D decreases decreases  

  
  
  
  
  
  
  

6 V 

V

+6.0 V 

0 V 

V 

2000  

10000  

A
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35  The diagram shows an electrical appliance with a metal casing connected to the mains supply. 

 

 
Which row shows the correct connection of the wires from P, Q and R respectively? 
 

  P Q R  

 A N M S  

 B N S M  

 C S M N  

 D S N M  

  
  
36  A current-carrying solenoid is used to demagnetise a bar magnet.  

 
What must be part of the procedure for demagnetising the bar magnet?  
 

 A Alternating current (a.c.) is used. 
 

 B Direct current (d.c.) is used. 
 

 C The magnet is inserted slowly into the solenoid.  
 

 D The magnet is withdrawn quickly from the solenoid.  
   
   
   
   
   
   
   
   
   
   
   
   
   
   

metal casing   live          neutral   earth   

R 

P 

Q  N

M 

 S
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37  Four plotting compasses are placed in the magnetic field of two identical bar magnets. 
 
Which compass is shown pointing in the wrong direction?  
 

 
 

38  Two parallel wires each carry a current.  
 
Which diagram shows the correct magnetic field pattern and the directions of the forces on the two 
conductors?  
 

  
 
A 
 
 
 
 

 

 B 
 
 
 
 
 

 C 
 
 
 
 
 

 D 

   
   
   
   
   
   
   
   

A 

B 

C 

D 

S                                   N S                                    N 

 conductor carrying current into page 

conductor carrying current out of page 
 

key 
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39  A cathode-ray oscilloscope (c.r.o.) is connected to an a.c. generator.  

 
A trace is seen on the screen of the cathode-ray oscilloscope.  
 
  

 
 

        peak 

 
The speed of rotation of the generator is halved.  
 
What is the effect on the trace?  
 

  number of peaks on the screen amplitude of trace on the screen  

 A halved halved  

 B halved same  

 C same halved  

 D same same  

  
  
40  Which material is used for the core of a transformer and what is the reason?  

 
  material reason  

 A copper good conductor of electricity  

 B copper easy to magnetise and demagnetise  

 C iron good conductor of electricity  

 D iron easy to magnetise and demagnetise  
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 2 
Section A 

 
Answer all the questions in this section. 

 
1 Fig. 1.1 shows a boy on a sledge travelling down a slope. 

 

 
 

Fig. 1.1 (not drawn to scale) 
 

 (a) The boy and the sledge have a total weight of 600 N and they are travelling at a constant 
speed. The angle of the slope to the horizontal is 35° and the total resistive force on the 
sledge and boy is R.  
               
By means of a scaled diagram, determine the magnitude of the total resistive force R 
acting on the sledge and boy.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   total resistive force, R =  ………………..….……………... [3] 
      

weight of sledge and boy, W 

35 ° 

normal reaction force, N 

total resistive force acting on 
the sledge and boy, R 

 

www.KiasuExamPaper.com 
258



    

[Turn over 
 

3 
 (b) Explain why the boy is travelling at constant speed even though he is moving down a 

slope. 
 

   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….…………….………………………………………... [1] 
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 4 
2 Fig. 2.1 shows a rectangular stone block, PQRS, of dimensions 1.5 m × 1.0 m × 0.20 m. It has 

a density of 1600 kg/m3, held stationary at P by a cable attached to a wall. Point R is 1.2 m 
away from the wall and the line of action of the weight of the stone block at C is 0.40 m from R.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.1 
 

 (a) Calculate the weight W of the stone block. 
 
 
 
 
 
 
 
 
 
 
 

   weight W of the stone block =  ………………..….……………... [2] 
      
 (b) Calculate the tension T in the cable. 

 
 
 
 
 
 
 
 
 
 
 

   tension T in the cable =  ………………..….……………... [3] 
     

O 

P 

Q 

R 

S 
1.5 m 

1.0 m 

W 

T 

wall 

ground 
0.40 m 

1.2 m 

cable 

C 

www.KiasuExamPaper.com 
260



    

[Turn over 
 

5 
3 Fig. 3.1 shows an oil tank. A small crack appears in it, and a stream of oil is pushed out through 

the crack. The oil hits the floor at Z where a puddle of oil starts to form. 
 
 

 
 

Fig. 3.1  
 
 

 (a) Initially, the density of the oil is 940 kg/m3 and the crack is 3.3 m below the surface of 
the oil. 
 

  (i) Calculate the pressure due to the oil at the level of the crack initially. 
 
 
 
 
 
 
 
 

 

   pressure =  ………………..….……………... [2] 
     
  (ii) Explain why the atmospheric pressure does not affect the rate at which the oil is 

pushed out through the crack. 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [1] 
     
 (b) As time passes, the point where the oil hits the floor moves away from Z and towards 

the tank.  
 

Explain why this happens. 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….…………….………………………………………... [2] 

oil tank 

oil  

crack 

stream of oil 

Z 

3.3 m 

www.KiasuExamPaper.com 
261



 6 
4 Fig. 4.1 shows a loaded cart pulled at a constant speed along an inclined plane from point A to 

point B, moving a distance of 0.60 m. The inclined plane is frictionless.  
 

 
 

 Fig. 4.1 
 

 The mass of the loaded cart is 3.0 kg and the height of point B on the inclined plane from the 
ground is 0.45 m. The distance travelled by the loaded cart along the inclined plane to point B 
is 0.60 m. Take gravitational field strength, g, to be 10 N / kg.  
 

 (a)  Calculate the gain in gravitational potential energy of the loaded cart when it moves from 
point A to point B.  
 
 
 
 
 
 
 
 

   gain in gravitational potential energy =  ………………..….……………... [2] 
     
 (b)  (i) State the principle of conservation of energy and explain how it applies as the 

loaded cart is pulled up the inclined plane.  
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [3] 
     
  (ii) Hence, determine the force, F that is used to pull the loaded cart along the inclined 

plane. 
 
 
 
 
 
 
 

   force =  ………………..….……………... [2] 
     

F 

h = 0.45 m 

A 

B 

mass of loaded cart  
= 3.0 kg 
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7 
5 Fig. 5.1 shows how the length L of a mercury thread in a thermometer varies with  

temperature T. 
 
 
 
 

      
 

     

      

      

      

      
 

     

 
 

Fig. 5.1 
 

 (a) For this thermometer, 0 °C is the lower fixed point.  
 
Explain why there is a need for fixed points in the process of calibration of a liquid-in-
glass thermometer. 

   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….…………….………………………………………... [1] 
     
 (b) The thermometer could be used to measure temperature below 0 °C.  

 
Calculate the temperature when the length of the mercury thread is 0.5 cm 
 
 
 
 
 
 
 
 
 
 
 

   temperature =  ………………..….……………... [2] 
 

T / °C 

   L / cm 

0 

2 

4 

6 

8 

10 

12 

20 40 60 80 100 120 

14 
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 8 
6 Fig. 6.1 shows the displacement-distance graph of a transverse wave that travels at a speed of 

5.0 m/s. Particle P is a water particle at zero displacement.  
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 6.1 
 

 (a) Calculate the period of the wave. 
 
 
 
 
 
 
 
 
 
 
 
 

   period =  ………………..….……………... [2] 
     
 (b) Hence mark with an “X” on Fig 6.1 the position of particle P at 0.10 s later. [1] 
     
     
7 Ultrasound is used in quality control to detect cracks in metal. Pulses of ultrasound are sent into 

the metal from a transmitter. A detector is placed next to the transmitter on the front surface of 
the metal as shown in Fig. 7.1. 
 

 
 

 
Fig. 7.1 

 
 
 
 
 
 

P 

detector 

front surface of metal 

back surface of metal 

direction of wave travel 

distance / m 

displacement

 
0 1.0 2.0 3.0 

metal 
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9 
Fig. 7.2 shows the oscilloscope trace of the ultrasound pulses produced if the metal contains 
no cracks.  
 

 

 
Fig. 7.2 

 
 
One division along the x-axis represents 1.0 × 10-6 s. Pulses labelled S are the pulses initially 
sent out from the transmitter. Each pulse labelled R is the reflection of the pulse S from the back 
surface of the metal. 
 

 (a) State what is meant by ultrasound. 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….…………….………………………………………... [1] 
     
 (b) Using Fig. 7.2, calculate the number of pulses sent out by the source in one second. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   number of pulses =  ………………..….……………... [1] 
     
 (c) Suggest one reason why the amplitude of R is less than the amplitude of S. 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….…………….………………………………………... [1] 
     
     
     
     

 

S                             S                              S                             S                             S 

R                             R                              R                             R 
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8 Fig. 8.1 shows a thin converging lens of a simple camera being used to take the photograph of 

an object. 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

Fig. 8.1 
 

 
The lens of the camera formed a focused image of the object on the film. 
 

 (a) Draw two rays from the top of the object to show how the lens forms the image. [2] 
     
 (b) State three characteristics of the image formed on the film in Fig. 8.1.  
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….…………….………………………………………... [2] 
     
 (c) The bottom half of the lens is now being covered with a leaf. 

 
State and explain what happens to the image. 

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

object 

lens 

film 
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9 (a) Fig. 9.1 shows a small, negatively charged sphere. 

 

 

 
 

 
Fig. 9.1 

 
 (i) On Fig. 9.1, draw the electric field pattern outside the sphere. [1] 
    
 (ii) Explain what is meant by an electric field.  

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

 (iii) State what is shown by the direction of the electric field lines.  
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [1] 
     
 (b) The sphere is then suspended between two charged metal plates.  

 
Fig. 9.2 

 
  (i) On. Fig. 9.2, write in the boxes the terminals of the power supply.  [1] 
     
  (ii) Explain why the terminals of the power supply are arranged as stated in (b)(i). 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [2] 
     

metal plate A

metal plate B

terminal is ………………………. 
        _ 
             
    
        _ 
      

        _          _   
        _          _   

terminal is ………………………. 

power 
supply 
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10 In Fig. 10.1 below, an electrical circuit is set up with a battery of e.m.f. 6.0 V, connected to four 

resistors. 
 

 
 

Fig. 10.1 
 

 (a) The potential difference between A and B is 3.0 V.  
 
Explain what this means.  
 

    
  ……………………………………….………………………….……………………………….… 
    
  ……………………………………….…………….………………………………………... [1] 
     
 (b) Determine the potential difference between C and D. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

   potential difference between C and D =  ………………..….……………... [2] 
     
 (c) Determine the potential difference between A and C. 

 
 
 
 
 
 
 
 
 

 

   potential difference between A and C =  ………………..….……………... [1] 
      

6.0 V 

30  10  

30  30  

A C 

B D 
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11 Fig. 11.1 shows the coil of a d.c. motor placed between the poles of a magnet.  

 
 

Fig. 11.1 
 

 (a) On Fig. 11.1, draw the forces that act on sides AB and CD of the coil, when the 
switch is closed.  

[1] 

      
 (b) Describe how you determined the direction of the force acting on the side AB of the 

coil.  
    
  ……………………………………….………………………….……………………………….… 
    
  ……………………………………….………………………….……………………………….… 
    
  ……………………………………….………………………….……………………………….… 
    
  ……………………………………….…………….………………………………………... [2] 
     
 (c) The coil begins to rotate about the axle from the position as shown in Fig 11.1. 

 
With reference to side AB of the coil, explain how the split-ring commutator ensures the 
coils continues to turn in the same direction when it has turned 180°. 

    
  ……………………………………….………………………….……………………………….… 
    
  ……………………………………….………………………….……………………………….… 
    
  ……………………………………….………………………….……………………………….… 
    
  ……………………………………….…………….………………………………………... [2] 
     
      
      

 
  

         magnet magnet 

carbon 
brush 

rotating 
axle 

split-ring 
commutator

coil 

N S 

 A 

  B C 

D
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Section B 

 
Answer all the questions in this section.  

Answer only one of the two alternative questions in Question 14 
 

12 Fig 12.1 shows an experimental set up that can be used to calculate the specific heat capacity 
and specific latent heat of vaporisation of a liquid Q. Heat is continuously provided by a 100 W 
electric heater to liquid Q. The temperature and electronic balance readings are recorded at 
regular intervals of time. 
 

 

 
 

power of electric heater = 100 W 
 
mass of empty can = 100 g 
 
mass of liquid Q and can = 976 g 
 
specific latent heat of vaporisation of 
liquid Q = 330 kJ/kg 

 

Fig. 12.1 
 
 

Fig. 12.2 shows how the total mass (mass of can + mass of liquid Q) changes with time. 
Fig. 12.3 shows how temperature of liquid Q changes with time.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12.2 Fig. 12.3 
 

 (a) Define specific latent heat of vaporisation. 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….…………….………………………………………... [1] 

liquid Q 
can 

976 g 

time / min 

temperature of liquid Q / °C 

30 40 50 60 70 80 90 100 
20 

30 

40 

50 

60 

70 

80 

90 

100 

time / min 

total mass on electronic balance / g 

30 40 50 60 70 80 90 100 
960 
962 

964 

966 

968 

970 

972 

974 

976 

 
electronic 
balance 

electric heater 
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15
 (b) (i) Calculate the amount of thermal energy supplied by the heater from 30 minutes 

to 80 minutes. 
 
 
 
 
 
 
 

   thermal energy supplied =  ………………..….……………... [2] 
     
  (ii) Given that 60 000 J of thermal energy is transferred from the experimental set up 

to the surroundings from 30 minutes to 80 minutes, calculate the specific heat 
capacity of the liquid Q. Assume the can has negligible specific heat capacity. 
 
 
 
 
 
 
 
 

   specific heat capacity of liquid Q =  ………………..….……………... [3] 
     
  (iii) With reference to your calculation in (b)(ii), explain whether the value of the 

specific heat capacity of liquid Q calculated is higher or lower than the actual 
specific heat capacity of the liquid if specific heat capacity of the can is not 
negligible.  

    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [2] 
     
 (c) (i) Calculate the amount of thermal energy needed to boil off liquid Q from  

80 minutes to 100 minutes.  
 
 
 
 
 

   thermal energy needed to boil liquid Q =  ………………..….……………... [1] 
     
  (ii) The mass of the liquid remains relatively constant from 0 minutes to 80 minutes. 

The rate of evaporation is hence insignificant. Suggest why the rate of 
evaporation is insignificant. 

    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [1] 
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13 A driver drives a sports car at a constant speed of 40 m/s on a straight, flat road. 

 
The sports car passes by a police car. The police car is initially at rest on the same road.  
 
At the time where the sports car passes it (t = 0 s), the police car starts moving at a constant 
acceleration in the same direction. The police car catches up with and reaches the sports car 
in 50 s. 
 

 (a)  Find the distance covered by the sports car in 50 s. 
 
 
 
 
 
 
 
 
 
 

   distance covered =  ………………..….……………... [2] 
     
 The police car maintains this constant acceleration until it reaches the sports car. 

 
 (b)  Sketch and label the distance-time graph of the two vehicles (police car and sports car) 

on Fig. 13.1. 
 

  
 
 

          
          
          
          
          
          
          
          

 
 

Fig. 13.1 
 

    [2] 
  

 
 
 

  
 
 
 
 
 
 
 
 
 

 

distance / m 

1500 

2000 

500 

time / s 

             10          20          30         40          50 
0 

1000 
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 (c)  Calculate the final speed of the police car at the instant where it reaches the sports car. 
 
 
 
 
 
 
 
 
 
 
 
 
 

   final speed of the police car =  ………………..….……………... [2] 
     
 (d)  Calculate the acceleration of the police car. 

 
 
 
 
 
 
 
 
 
 
 
 
 

   acceleration of the police car =  ………………..….……………... [2] 
     
 (e)  The driving force of the police car is 2 800 N.  

 
The friction acting against the forward motion of the police car is 400 N.  
 
Using your answer from (d), calculate the mass of the police car. 
 
 
 
 
 
 
 
 
 
 
 
 
 

   mass of the police car =  ………………..….……………... [2] 
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14 EITHER 
 

 

 Fig. 14.1 shows an electric kettle used to heat water to its boiling point. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14.1 
     
 (a) Describe, in terms of the particles, how thermal energy is conducted through the walls 

of the kettle. 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….…………….………………………………………... [2] 
     
 (b) Explain why evaporation of water will result in cooling of the boiled water in the kettle. 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….…………….………………………………………... [3] 
     
   
   
   
   
    
    
    
    
     

warmed air and evaporated water 
rise from spout 

infra-red radiation  
emitted from hot walls 

flexible cable 

thermal energy  
conducted through plastic 
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19
 (c) The electric kettle is connected to the 240 V mains supply by a flexible cable, and has a 

power rating of 2500 W. Table 14.2 shows the maximum current that may be carried 
safely by wires of various diameters. 
 

Table 14.2 
 

wire diameter / mm maximum current / A 
0.50 3 
0.75 6 
1.00 10 
1.25 13 
1.50 15 

 
 

  (i) Show that the current in the cable when the kettle is in use is 10.4 A.  
 
 
 
 
 
 

 

    [1] 
     
  (ii) Explain the relationship between wire diameter and maximum current in the wire. 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [1] 
     
  (iii) From the table, state the smallest diameter of wire that can safely be used for this 

kettle.  
 
Explain what could happen if a wire thinner than your answer is used. 

    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [2] 
     
  (iv) Describe one fault that may occur in the flexible cable that will cause the fuse in 

the plug to melt. 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [1] 
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OR 
 
 Two coils, A and B, are placed one on top of the other, as shown in Fig. 14.3. and Fig 14.4 

 
Coil A is connected in series with a battery and a switch. A millivoltmeter is connected across 
the terminals of coil B. 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 

 
 (a) When the switch in coil A is closed, explain why the millivoltmeter indicates an induced 

e.m.f. for a short period of time and then reduces to zero rapidly in Fig. 14.3 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….………………………………….……………………….… 
   
  ……………………………………….…………….………………………………………... [2] 
     
 (b) (i) On Fig. 14.4, draw an arrow on coil B to show the direction of the induced current 
   in coil B when the switch was just opened. [1] 
     
  (ii) Explain the direction drawn in (b)(i).  
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [2] 
     
     
     
     
     
     
     
     
     

Fig. 14.4 

coil A 

 mV coil B 

wooden rod 

Fig. 14.3 

coil A 

 mV coil B 

wooden rod 
the switch 
is closed 

the switch 
is opened 
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21
 Fig. 14.5 shows two coils of insulated wire wound on a soft iron core to make a transformer. 

One coil is connected to a 16 V a.c. supply. The other coil is connected to a lamp, which is rated 
12 V, 24 W. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 (c) The lamp is operating at its correct rating.  
 
Calculate the minimum current drawn from the 16 V supply. 
 
 
 
 
 
 
 
 
 
 
 
 

   minimum current =  ………………..….……………... [2] 
      
 (d) However the current drawn from the supply is found to be 1.7 A. 

 
  (i) Calculate the input power to the transformer. 

 
 
 
 
 
 
 
 
 
 
 
 

 

   input power =  ………………..….……………... [1] 
     

Fig. 14.5 

12 V, 24 W 

16 V 

soft iron core 
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  (ii) Calculate the electrical energy lost by the transformer each second. 

 
 
 
 
 
 
 
 
 
 

   electrical energy lost per second =  ………………..….……………... [1] 
     
  (iii) State one reason why a transformer is not 100% efficient. 
    
   ……………………………………….………………………….……………………….… 
    
   ……………………………………….…………….………………………………... [1] 
     
     
     
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.KiasuExamPaper.com 
278



www.KiasuExamPaper.com 
279



www.KiasuExamPaper.com 
280



2

13 C Power = (Change in KE) / (time taken)
The car with the highest average power is the car that reached the higher 
maximum speed with lesser time. 

14 A During freezing which is a change in state from liquid to sold, intermolecular forces 
of attraction are strengthened, which means that the molecules attract each other 
more strongly. There is no change in average speed of the molecules, as there is 
no change in temperature during freezing. 

15 A Since the temperature is constant, the molecules move at the same average 
speed. Due to a decrease in volume, the molecules are closer together and collide 
with each other and with the walls of the container more often, giving rise to a 
larger pressure. 

16 C The water nearest to the heat source at the bottom gets heated and becomes 
warmer. It expands, becomes less dense and rises. The cooler denser water sinks 
to replace this warm water. 

17 D A is the coolest as dull black is a better emitter of radiation compared to a polished 
silver surface. The absence of lid on A allows for thermal energy to escape 
through evaporation as well. 
On the other hand, S is the hottest as polished silver is a poorer emitter of 
radiation compared to dull black. The lid on S prevents thermal energy to escape 
through evaporation. 

18 A Since the mass of a substance does not change with temperature, we cannot use 
it to define a scale of temperature. 

19 A A smaller block of copper has the same specific heat capacity, which is dependent 
on the material. However, the amount of internal energy and heat capacity are 
lesser as the block of copper is smaller (smaller mass). 

20 D A removal of thermal energy could result in a change of state from gas to liquid 
(condensation) or liquid to solid (solidification).

21 D Ultrasound (sound) is a longitudinal wave. 
Light, microwaves and radio waves are transverse waves. 

22 B The frequency remains the same during refraction If wavelength changes, speed 
changes by using v = f

23 D distance from pin to mirror = distance from image to mirror

24 D η = sin i = speed of light in air / vacuum
sin r speed of light in glass block

η = sin (90-15)° = 3 x 108

sin r 2 x 108

r = 40.087° = 40°
25 D The speed of the signal in the optical fibre will be less than 3.0 x 108 m/s and an 

optical fibre is able to transmit signals with little loss over long distance. 
26 D Q is infrared rays which is used in television remote controller. 

sin i
sin

bottom
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27 D period, T = 4.0 ms x 2 = 8.0 ms
f = ଵ் = ଵ.଼ = 125 Hz
v = f
340 = 125 
 = 2.72 m

28 A The higher the frequency, the higher the pitch. As Y has a higher frequency, it has 
a higher pitch. 
As both X and Y have the same amplitude, they have the same loudness. 
As speed of sound in air for both notes are the same, using v = f, as Y has a 
higher frequency, it has a shorter wavelength. 

29 A When the positively charged rod is brought near, the free electrons in the sphere 
are drawn towards the side near the positively charged rod. As unlike charges 
attract, the sphere is attracted and moves towards the rod. Similarly the two spheres 
are attracted to one another. 

30 B The polythene gains electrons and becomes negatively charge. 
The cloth losses electrons and becomes positively charged. 

31 C P = IV
24 = I (12)
I = 2.0 A
Q = It
Q = 2 (25 x 3600)
Q = 180000 C

32 D Arrangement Y has the smallest resistance as the heating elements are connected 
in parallel. 
Arrangement X has the largest resistance as the heating elements are connected 
in series. 

33 D 𝑉௨௧ = 𝑅ଶ𝑅ଵ + 𝑅ଶ × 𝑉𝑉௨௧ = 100002000 + 10000 × 6
Vout = 5.0 V

34 A When light shines brighter on the LDR, its resistance decreases. 
As total resistance of the circuit decreases, I = V/R, I increases, thus ammeter 
reading increases. V = IR, as current increases, the potential difference across the 
variable resistor increases, thus voltmeter reading increases. 

35 D P (live wire) is connected to S (switch)
Q (neutral wire) is connected to N
R (earth wire) is connected to M (metal casing)

36 A Electrical method to demagnetise magnets
1) Place a magnet inside a solenoid in the East-West direction.
2) Connect the solenoid to an alternating current (a.c.) supply. An alternating 

current is an electric current that varies its direction many times per second. 
3) Withdraw the magnet slowly with the alternating current still flowing in the

solenoid, until it is some distance away. 
37 C The needle of the compass will point in the direction of the magnetic field. 

Magnetic field lines are directed outward from the N pole and towards the S pole.  
38 C Conductors carrying currents in opposite directions repel. 

Conductors carrying currents in same direction attract. 
39 A When the speed is halved, the frequency of rotation is halved, resulting in half the 

number of waves produced in the same time. Also, the amplitude of the induced 
e.m.f. is also halved as the rate of change of magnetic flux linkage is reduced. 

40 D The core of a transformer is made of soft iron as it is easily magnetised and 
demagnetised. This ensures better magnetic flux linkage between the two coils. 

nea
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3.0 J of work is done to drive a unit change through a 
component. 

1

(b) I = V / R 
I = 6 / (10 +30) = 0.15 A
CD: V = IR 
V = 0.15 x 30 = 4.5 V

1

1
(c) 4.5 – 3.0 = 1.5 V 1

11 (a) AB – force is acting down 
CD – force is acting up 

1

(b) Using Fleming’s Left Hand Rule, where the thumb, index and middle 
fingers are at right angles to one another. 
The index finger points towards the right (or from North to South)
and the middle finger points into the paper (or from A to B) and 
thus the thumb points towards the direction of the force exerting 
on AB.

1

1

(c) As side AB moves downwards to the bottom-most point, the force acting 
on AB is still downwards as the direction of the current is still from A to 
B. For the coil to rotate continuously, AB will need to have an upward 
force, combined with the momentum of rotation. The split ring 
commutator therefore reverses the current in the coil, such that the 
current flows from B to A and therefore an upward force is 
generated on AB when it moves to side near to the S magnet.
Similarly, when AB reaches the topmost point, the split ring commutator 
will reverse the current as well. (split-ring commutator reverses the 
current every 180° rotation)

1

1

Section B
Question Answer Marks / 

Remarks
12 (a) The energy needed to change unit mass of substance from liquid 

to gas (or vice versa) without a change in temperature. 
1

(b) (i) thermal energy supplied = Pt
 = 100 x (80-30) (60)
 = 3.0 x 105 J  

1: time in s
1

(ii) thermal energy 
supplied by 

heater
= thermal energy 

gained by liquid Q + thermal losses

3.0 x 105 = mc∆θ + Pt
3.0 x 105 = ଽିଵଵ (c) (100-20) + 60 000

c = 3424.66 J/kg⁰C
  =  3420 J/ (kg ⁰C) (3 s.f.) 

1: net amt of 
thermal 
energy, ecf 
1: ଼ଵ (c) (80)
1

(iii) The calculated value is higher than the actual value. When 
c of container is not negligible, it absorbs thermal energy, the 
thermal energy supplied by heater is distributed as follows:

thermal 
energy 

supplied 
by heater

=

thermal 
energy 

gained by 
liquid

+

thermal 
energy 

gained by 
can

+ thermal
losses

If heat supplied is the same, thermal energy gained by liquid 
reduces. 

1

1

e calcul
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If the temperature in liquid is the same, for the same mass, 
actual specific heat capacity of liquid is lesser than the 
calculated. 

(c) (i) thermal energy needed to boil = mlv
= ଽିଽଵ (330 x 103)
= 5.28 x 103 J 1

(ii)  The humidity in the room is high
 Liquid Q has low volatility
 The water loss due to evaporation is much lesser than

that due to boiling (after 80 minutes). In comparison,
evaporation rates at temperature less than 100 ⁰C is
insignificant.

Any 1

13 (a) d = vt = 40 x 50 
= 2000 m

1
1

(b) 1 – police [constant acceleration]
1 – sports car [constant speed]
Must label
Both to start from (0,0) and end at (50,2000)

(c) You can drawing a speed-time graph to help you, a straight diagonal 
line up.

t = 50 s, initial speed u = 0 m/s
d = area under graph = 2000 m
½ (50) (v) = 2000
final speed v = (2x2000/50) = 80 m/s

1: ECF – d 
from (a)
1

(d) a = (v-u)/t = 80/50 
= 1.6 m/s2

1 ECF – v 
from (c)1

(e) resultant force = 2800 – 400 = 2400 N
m = F/a = 2400/1.6 = 1500 kg

1 ECF – a 
from (e)1

E
14

(a) When the molecules on the inside of the kettle is being heated by the 
hot water, they would gain kinetic energy and vibrate more
vigorously and faster. They would collide with the neighbouring 
molecules and transfer the thermal energy to their neighbouring
molecules. Thermal energy is transmitted without transfer of particles. 
This process will repeat and eventually the particles at the outer surface 
of the walls of the kettle are also set into vigorous vibration and 
becomes heated up. .

1
1

(b) Evaporation causes cooling. When evaporation occurs, 
 water molecules at the surface with greater kinetic energy

escapes from boiled water by overcoming the intermolecular forces
of attraction,

 leaving behind molecules with lower kinetic energy.

1

1

sports car

police car

v / m/s

t / s

v

50

n theeeeeeeeeee mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmololololololololololollolololooooolololoooo eeeeeeceeeeeeee ules on
ter, they wo

ly and f

ess 
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10

Fig 14.4

arrows on 
coil B

(ii) Coil A initially has a S pole nearest to coil B. 

When the switch is opened, the decrease in magnetic field
causes the coil B to have a N pole induced at the end 
closer to coil A to oppose the change (according to Lenz’s 
Law). Using right-hand grip rule, we can determine the 
direction of the induced current drawn in b (i).

1: ECF 
based on 
drawing in 
(b)(i)

1: reverse in 
direction from 
Fig 14.3 & 
right-hand 
grip rule

(c) Current in lamp = P / V = 24 / 12 = 2 A

Vs/Vp = Ip/Is
12/16 = Ip/2
Ip = 1.5 A

or    Vs Is = Vp Ip 
24 = 16 Ip
Ip = 1.5 A

1
1

(d) (i) Input power = VI = 16 x 1.7
= 27.2 W

1

(ii) Energy loss per sec = 27.2 – 24 
= 3.2 J

1

(iii) There will be some energy loss in the form of heat (due to 
hysteresis, eddy current, flux leakage and resistance of winding)

1

S
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 1 Which row shows the correct unit for the quantity shown? 

2 Micrometers, metre rules, tapes and vernier calipers are used for measuring lengths. 

Which row identifies the most suitable device for accurately measuring the stated 
length? 

3 Which diagram shows the vector addition of a 4.0 N force and a 3.0 N force? 

 quantity unit

A   density kgm3 

B   electromotive force N 

C  latent heat J/g 

D  mass g 

length measuring instrument 

A 0.15 mm micrometer 

B 0.50 mm metre rule 

C 0.15 m measuring tape 

D 0.50 m vernier calipers 
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4 The graph shows the first five seconds of a car journey. 

  

 How far did the car travel in the first three seconds?

 A 6 m 

 B 9 m 

 C 15 m 

 D 18 m 
 
 
5 An engine pulls a truck at constant speed on a level track. 

 

The link between the engine and the truck breaks. The driving force on the engine 
remains constant.  

What effect does this have on the engine and on the truck?  

 

  engine truck

 A speed stays constant speed decreases 

 B speed increases speed decreases 

 C speed stays constant stops immediately 

 D speed increases stops immediately 

 
 

 

velocitym/s  
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6 A uniform rod of weight 5.0 N is held initially at rest.  
 
The diagram shows the forces acting on the rod when it is released.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What happens to the rod when it is released? 

 A It does not move. 

 B It moves to the right. 

 C It moves upwards. 

 D It starts to rotate. 
 
 
 
7 A car of mass 1000 kg is moving at 20 m/s. The brakes are applied and the car slows 

down to 10 m/s.  

What is the thermal energy produced by the brakes in kJ?  

 A 50  

 B 150 

 C 200 

 D 300 
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8 A uniform beam is pivoted at its centre. Two weights are placed on the beam in the 
positions shown and the beam is balanced by an upward force F.  

 

What is the size of F? 

 

 A 6N B 12N C 30N D 60N 

9 A car is designed to be stable. 
 
 
 
 
 
 
 
Where must the centre of gravity of the car be? 

 A above the front wheels. 
 

 B above the rear wheels. 
 

 C as high in the car as possible. 
 

 D as low in the car as possible.  
 

uniform beam 
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10 The diagram shows a block being pulled up a ramp by a rope.  

  

 The block has weight W and the rope is pulled with force F.  

The block moves distance PR and is raised through vertical height QR.  

What is the equation for the work done on the block by the rope? 

 

 A force F × distance PR 

 B force F × height QR 

 C weight W × distance PQ 

 D weight W × distance PR 

 

 

11 Four objects of different masses are situated in places with different gravitational field 
strengths.  
 
Which object has the greatest weight?  
 

 

 

 

www.KiasuExamPaper.com 
295



Page 7 of 20 
 

Methodist Girls’ School                Physics Paper 1              Secondary 4 Preliminary Examination 2022 

12 A builder lifts eight slabs from the ground on to the back of a lorry 1.5 m high.  
 
The total time taken is 48 s and each slab weighs 200 N.  
 
How much useful power does the builder produce? 

 
 
 A 50 W B 400 W C 2400 W D 3200 W 

 

 

13 A garden table weighs 60 N and has a top surface of area 2.0 m2. It is raining and the 
rain produces a pressure of 4.0 N/m2 on the table.  

 

 

 

 

 

 

 

 

Ignoring the pressure of the atmosphere, what is the force exerted by the table on the 
ground?  

 

 A 52 N B 58 N C 62 N D 68 N 
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14 The diagram shows a manometer containing mercury that is sealed at one end.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What happens to the distance h when the manometer is taken higher up a mountain?  

 A It decreases, because atmospheric pressure decreases with height.  

B It decreases, because atmospheric pressure increases with height.

 C It increases, because atmospheric pressure decreases with height. 

 D It increases, because atmospheric pressure increases with height. 

 

15 Five blocks have the same mass but different base areas. They all rest on a horizontal 
table. 

  
 
 
 
 
 
 

 A graph is plotted to show the relationship between the pressure exerted on the table and 
the base area of the block.

Which graph shows this relationship? 
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16 Two cylinders P and Q are made of copper.  
 

 
The height of P is twice the height of Q. The diameter of P is half the diameter of Q.  
 
Which statement is correct? 
 

 A The density of cylinder P is four times that of cylinder Q 

 B The density of cylinder P is twice that of cylinder Q. 

 C The density of cylinder P is equal to that of cylinder Q. 

 D The density of cylinder P is half that of cylinder Q. 

 

 

17 In a Brownian motion experiment with smoke particles in air, heavier particles settle more 
quickly but small particles remain suspended for a longer period of time. 

Which statement explains why the small smoke particles remained suspended in the air? 

 

 A Air pressure has a greater effect on small particles. 

 B Gravitational force does not act on small particles.  

 C Random bombardment by air molecules keeps the particles suspended. 

 D The small smoke particles have the same density as the air. 
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18 In a liquid-in-glass thermometer, the liquid column is 2.0 cm long at 0°C and it expands 
10.0 cm when heated to 100°C. 
 

 
Measuring from P, how long is the liquid column at 30°C?
 

 A 2.3 cm B 3.0 cm C 5.0 cm D 7.0 cm 

19 The heat capacity of an object, of mass 2.0 kg, is C. The change in temperature is given 
by t. 

Which of the following statements about the use of thermal energy is correct? 

 

 A Thermal energy required to increase the temperature of the whole object by t is 
 

 B Thermal energy required to increase the temperature of unit mass of the object by 
t is . 

 C Thermal energy required to melt the whole object is C. 

 D Thermal energy required to melt unit mass of the object is C.  

 

 
20 What surrounds the bulb of a thermometer when marking the upper and lower fixed 

points? 

  upper fixed point 100oC lower fixed point 0oC 

A boiling water pure melting ice 

 B boiling water salt and ice 

 C steam pure melting ice 

 D steam salt and ice 
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21 The figure shows the displacement-distance graph of a transverse wave of velocity  
1.5 m/s. 

 

 

 What is the frequency of the wave? 

 A 0.15 Hz 

 B 0.45 Hz 

 C 5.0 Hz 

 D 15 Hz 
 
 
22 A 50 Hz wave is travelling from left to right through a series of particles. 

Fig. A shows the equilibrium positions of the particles. 
Fig. B shows the positions of the particles at time t. 

 
 

 
 
 
 
 
 
 
 
 
 

Which of the following statements best describes the particles in Fig. B? 

 A Particles b and h are one wavelength apart. 

 B Particle c is moving at maximum speed. 

 C Particle g is at maximum displacement from undisturbed position. 

 D Particle m is momentarily at rest.  

Fig. A

Fig. B 
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23 A room has an odd shape and with a mirror covering the biggest side of the wall. The 
diagram shows the top view of the room and the image of the walls 1, 2 and 3 is 
represented by the dotted lines.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A person standing at the door, represented by an X, wants to see the reflection of the full 
length of wall 2 of the room from the mirror.  
What is the minimum length of the mirror needed to see this reflection? 

 A SW 

 B TU 

 C TV 

 D UV 
 
 
 
24 The speed of light in a transparent medium is 2.5 × 108 m/s.  

Which of the following shows the correct path of a ray of light through a right angled prism 
made of the same transparent medium?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diagram not drawn to scale 
 

A B 

C 

D 

prism 

light ray 

49  

49  

49  
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25 The diagram shows a diverging lens with O and F being the optical center and the focal 
point of the lens respectively. 
 
Which of the following emergent rays indicated the correct light ray after passing through 
the lens? 

 
 
 
 
 
 
 
 
 
 
 
 

Diagram is drawn to scale 
 
 

26 Telecommunication infrastructure can be damaged during any disaster. Back-up 
arrangements such as satellite phones for effective communication during disaster will 
be important. 
Which of the following electromagnetic waves is used by satellite phones? 

 A low frequency radio wave 

 B infra-red 

 C microwave 

 D ultrasound 
 
 
 
27 The diagram shows different regions of the electromagnetic spectrum. 

 
 
 

 
Which of the statements is true of the radiation found in region Z? 

radio 
waves 

Z visible 
light 

gamma 
rays 

 A It can be used in a remote controller. 

 B It has a higher speed in glass than in air. 

 C It has a lower frequency than radio waves. 

 D It has a smaller wavelength than gamma rays. 
 
 

x x 
O F 

D 

C 

B 
A 

horizontal light ray 

principal axis 
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28 The electric field patterns produced by three charged spheres P, Q and R is as shown. 
 

 
 
Which of following statements about a negatively charged object S is correct? 
 

 A S placed at the mid-point between P and Q will experience a force in the direction 
of P. 

 B S will be attracted to Q when it is placed near Q. 

 C S will be attracted to R when it is placed near R. 

 D S will be repelled by P when it is placed near P. 
 
 
 
29 A power source has an e.m.f. of 20 000 V. The ammeter in the circuit records a current of 

0.00060 A.  
If each electron carries a charge of 1.6 × 10-19 C, how many electrons passes through the 
ammeter in 2.0 s? 

 A 3.3 × 107 B 3.8 × 1015 C 7.5 × 1014 D 7.5 ×1015 

30 A metal wire X has a diameter of 2.0 mm and a length of 0.80 m. 
 
 
 
 
 
 

Which wire, made of the same material, would have the same resistance as wire X? 
 
  diameter / mm length / m 
 A 1.0 0.20 

 B 1.0 0.40 

 C 4.0 0.40 

D 4.0 0.64

2.0 mm 

0.80 m 

wire X 
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31 The diagram shows a circuit with four identical light bulbs J, K, L and P. 
 
 
 
 
 
 
 
 

 
Which option describes the changes in brightness of the bulbs J and K when switch S 
is closed?  

  
  Bulb J Bulb K 
 A brighter dimmer 

 B brighter brighter 

 C dimmer dimmer 

 D dimmer brighter 

32 3 resistors and 4 fuses (fuse rating shown within the bracket) are connected together as 
shown in the circuit. 

 
 
 
 
 
 
 
 
 
 
 

 
When the switch is closed, which two fuses will blow? 

 A F1 and F2 only 

 B F1 and F3 only 

 C F1 and F4 only 

 D F3 and F4 only 
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33 The following electrical devices are operated from the same voltage supply at the stated 
duration.  
Which one of the devices is the most costly to operate? 

  Power rating of device  Duration of usage 
 A 5.0 kW 50 s 

 B 200 W 20 min 

 C 30 W 2 h 

 D 7.5 W  One day 

34 The diagram shows a three pin plug of a kettle whose live wire has not been connected 
properly.  
 
 

 
 
 
 
 
 
 
 
 
The equipment with this plug connected to the mains is in operation.  
Which of the following will occur when the exposed copper wire strands of the live wire 
touch the neutral pin?  

 A The current increases and the fuse will blow to prevent any electrical fire risk.  
 B The earth wire will divert the high current to the ground to prevent any electrical 

risk.  
 C The metal casing of the kettle will be at high potential and pose an electrocution 

risk.  
 D The neutral wire will divert the high current to the ground to prevent any electrical 

risk.  

neutral pin 
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35 Fig. M shows a solenoid connected to a d.c. power supply XY. A steel needle is inserted 
inside the solenoid to be magnetised. 
After the needle is magnetised, the needle is then placed on a piece of cardboard that is 
floating on the water. Fig. N shows the top view of the final position of the needle on the 
floating cardboard and the direction of the earth’s magnetic field. 

 
 
 
 
 
 
 
 
 

       
Fig. M 

 
 
 
 
 
 
 
 
 
 

Fig. N 
 

Which row shows the polarities for end A of the needle and the positive terminal of the 
d.c. power supply? 
 

  End A of needle Positive terminal of the 
d.c. supply 

 A north X 

 B south X 

C north Y 

 D south Y 

X Y 

solenoid 

X Y
d.c. power supply 

hollow 
cylinder 

cardboard 
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36 A match-box cover, with a magnet placed on top of it, is placed in a tray of paperclips. As 
the match-box cover is lifted up, a large number of paperclips are attracted to the bottom 
surface of the match-box as shown in Fig. A. 
Two different sheets of metal (X and Y) are then placed inside the match-box cover, 
between the magnet and the paperclips, one after another as shown in Fig. B. 

 
 
 
 
 
 

  Fig. A              Fig. B 
 
When sheet X is placed inside the match-box cover, the paperclips remain attached while 
when sheet Y is placed inside the match-box cover, all the paperclips fall off. 
What are sheet X and sheet Y made of? 

  metal X metal Y 
 A aluminium copper 

 B copper iron 

 C iron aluminium 

 D iron steel 

37 The diagrams show the forces F between two wires carrying currents out of the page. 
The magnetic fields close to the wires are also shown.  
 
Which diagram is correct? 
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38 The figure shows the path of an electron as it moves into a uniform magnetic field. 
The location of the magnetic field is shown, but its direction is unknown. 

 

 
 
Which of the followings indicate the direction of the magnetic field? 

 A Downwards, from Y to X 

 B Into the paper 

 C Out of the paper 

 D Upwards, from X to Y 
 
 
 
39 The diagram shows a solenoid placed between two magnets (A and B) that are freely 

suspended from the ceiling. 
 
 
 
 
 
 
 
 
 
 

 
If magnet A is moved to the left, away from the solenoid, what is the direction of the 
induced current through resistor PQ and the direction in which magnet B will move? 

  Direction of induced current 
through resistor PQ  Movement of magnet B 

 A from P to Q  attracts towards solenoid 

 B from P to Q repels away from solenoid 

 C from Q to P attracts towards solenoid 

 D from Q to P repels away from solenoid 

X 

Y 
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40 The diagram shows an a.c. generator with a coil that is turning at a frequency of 50 Hz.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which graph corresponds to the variation of the induced voltage with time of the a.c. 
generator starting from the position shown in the diagram? 

A 

 

B 

C 

 
 

D 

 
 

 

 

 

End of Paper 

V / V 

V / V 

V / V 

V / V 

t / ms 

t / ms 

t / ms 

t / ms 
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Section A (50 marks) 
Answer all the questions in this section. 

 
1 A student wants to determine the density of a square metal plate. 

Fig. 1.1 shows the length, width and mass of the metal plate she has measured. 
 
length of metal plate / cm width of metal plate  / cm mass of metal plate / kg 

30.0 30.0 2.5 
 

 
                                                                          Fig.1.1 
 
 She decides to use a pair of vernier calipers to measure the thickness of the metal plate. 

Fig. 1.2 shows the reading taken by the student. 
 
 
 
 
 
 
 
 
 

 
 
 (a) (i) Determine the thickness of the metal plate. 

 
 

    
   thickness = …………………………[1] 
    
  (ii) Suggest how the student can improve her accuracy in measuring the 

thickness of the metal plate. 

  
  
 [1] 

 
 
 (b)  Calculate the density of the metal plate. 

Leave your answer in g/cm3. Show your working clearly. 
 

 

 

 

 
 

density = …………………………[3] 
 

Fig 1.2 

cm 
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2 A student is sitting on a chair as shown in Fig. 2.1.  
 
                                                

                                                             
 
 
 
 
 
 

 
                                                          Fig. 2.1 

 
 The student tips his chair back to the position shown in Fig. 2.2.  

A horizontal force of 150 N is applied at point C to keep the chair in this position.  
 
 
 
 
 
 
 
 
 
 
 
 

 
                                                        Fig. 2.2  

 
 
 (a) State the principle of moments. 
  
 [1] 

 
 (b) By taking moments about A, determine W the weight of the student and chair. 

  
 
 

 weight = ……………………….[2] 
 
 (c) Explain what will happen to the student and the chair in Fig. 2.2 when the horizontal 

force is removed. 
 
  
 [2] 
 
 
 
 

 

 

centre of gravity of 
student and chair 

Lengths 

AB = 15.0 cm 

CD = 70.0 cm 

BD = 20.0 cm 

Centre of gravity of 
student and chair 

150 N 
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3 Fig. 3.1 shows a glass which contains water at 22°C. 
22 g of ice at a temperature of -12°C was put inside the water. 
 
 
 
 
 
 
 
 
 
                                                                  Fig. 3.1 
 
The specific heat capacity of ice = 2100 J/kg K 
The latent heat of fusion of ice = 3.3 × 105 J/kg 

 
 (a) (i) Calculate the amount of thermal energy needed to raise the temperature of 

ice from -12°C to 0.0°C. 
 
 

    
 

   thermal energy = …………………………[2] 
 
  (ii) Calculate the latent heat needed to change the ice to water. 

 
 

    
   thermal energy = …………………………[2] 

 
 (b) The temperature of the water in the cup falls after the ice has been added. 

Specific heat capacity of water = 4200 J/(kg°C) 
 

  Calculate the mass of water in the cup if the lowest temperature reached by the 
water is 8.0°C.  
 

    
 
 

   mass of water = …………………………[2] 
 
 (c) The internal energy of the ice increases as it turns into water at its melting point. 

Explain, using ideas about molecules, why this increase occurs. 

 
  
   [1] 
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4 Fig. 4.1 shows a U-tube mercury manometer connected to a sealed cylinder containing 
a gas. The piston is held in place and is not free to move.  

 
 

Fig. 4.1 
 
The atmospheric pressure surrounding the manometer is 1.0 × 105 Pa. 
The density of mercury is 13600 kg/m3. The gravitational field strength g is 10 N/kg. 

 
 (a) Calculate the pressure of the gas in the cylinder as shown in Fig. 4.1. Give 

your answer in Pa. 
  

 
 
 

 pressure = ……………………….[2] 
 
  

 
 (b) The temperature remains constant as the piston is pushed inwards slowly. 

Using ideas about molecules, explain the change in the volume and pressure of the 
gas.  
 

 
  
   
  
   
  
 [2] 

 
 

cylinder containing gas 
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5 A student releases the pendulum bob from point P from a vertical height h as shown in Fig. 
5.1 and measures the speed of the bob from P to Q to R. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          Fig. 5.1 
 

 Fig. 5.2 shows how the speed v of the pendulum bob varies with time t. 
 
                                                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                       Fig 5.2 
The gravitational field strength g is 10 N/kg. 
 

 (a) State the main energy change when the bob swings from P to Q. 
 

 [1] 
  
 (b) Assuming that there is no energy loss, calculate the vertical height h from which 

the pendulum is released.  
  

 
 

 h = ……………………….[2] 
 
 (c) Using Fig. 5.2, determine the period of the pendulum. 
  

 
 

 period = ……………………….[1] 

R P 

Q 
h 
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6 Fig. 6.1 shows the graph of a wave motion produced by a sound that is captured by a 
microphone. 

  

Fig. 6.1 
    
 (a) State and explain how the waveform indicates how the loudness and pitch of the 

sound changes (if any) with time. 
   
  (i) loudness 
   

 
   

 
   

[1] 
    
  (ii) pitch 
   

   
 

   
[1] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 voltage / V 
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 (b) Another sound wave is captured by the microphone. Fig. 6.2 shows how the output 
voltage of the microphone varies with time. 

   
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Fig. 6.2 

 
  The microphone is connected to a cathode-ray oscilloscope (c.r.o.). The Y-gain of 

the oscilloscope is set at 4 V/division and the time base is set at 5 ms/division.  
On Fig. 6.3, draw the waveform(s) of the sound as seen on the screen of the 
oscilloscope. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.3 
[2] 
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7 Fig. 7.1 shows a virtual image I formed by a converging lens from an object of height  
1.0 cm.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7.1 (Diagram drawn to scale) 
  
 (a) On Fig. 7.1 above, draw rays to determine 
  (i) the position of the object and label it O,       [2] 
    
  (ii) the focal length of the lens. 
   

focal length = ………………………..[1] 
    
 (b) Fig. 7.2 shows a light ray travelling in a converging lens of refractive index 1.5. 

Fig. 7.2 is not drawn to scale. 
   

 
 
 
 
 
 
 
 
 
 
 

Fig. 7.2 (Diagram not drawn to scale) 
    
  (i) Calculate the critical angle  
   

 
 

 
critical angle = ……………………. [1] 

 
  (ii) Explain the behaviour of the light ray immediately after it is incident on surface 

Q. 
   

   

   

   
[2] 

Q 50  

converging lens 
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8 Plaque is a sticky film of bacteria that constantly forms on teeth as shown in Fig. 8.1. 
  

 

 

 

 
 

Fig. 8.1 
Fig. 8.2 shows an ionic toothbrush with a small battery built into the handle of the 
toothbrush. The battery in the toothbrush enable the bristles to be negatively charged when 
it is switched on and the positive terminal of the battery makes contact with the hand of a 
user. 

Fig. 8.2 

 (a) (i) State the charge(s) that is/are acquired on the plaque and tooth when the 
user’s hand is on the handle. 

   
[1] 

   
  (ii) Explain your answer to (a)(i) 
   

 
   

 
   

[1] 
   
 (b) Explain, in terms of charges, how this toothbrush helps to remove the plaque 

effectively. 
   

 
   

 
   

 
   

 
   

 
   

[2] 
   

plaque 

plaque 

Body of user 

Hand of user 
Handle 
connected to 
positive terminal 
of a battery Bristles 

handle Head of toothbrush 

Ionic 
toothbrush 
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9 Fig. 9.1 shows a washing machine with a metal casing connected to the main power 
source. The machine is rated at 3.0 kW, 240 V. 

  
 
 
 
 
 
 
 
 
 

 
Fig. 9.1 

  
 (a) Draw, on Fig. 9.1, an electrical component that will protect the washing machine from 

being damaged by a sudden surge of current.  
Label this component as K.                 [1] 

  
 (b) An electrician noticed that the earth wire is not connected as part of the circuit.  
  (i) State what hazard may happen as a result of not having the earth wire in the 

circuit. 
   

 
   

 
   

[1] 
   
  (ii) Draw, on Fig. 9.1, to show how the earth wire should be connected as part of 

the circuit.                   [1] 
   
 (c) Calculate the operating current of the washing machine when the switch is closed. 
    

 
 
 
 
 
 
 
 

current = ………………………..[2] 
    

 
 
 
 
 
 
 
 
 
 
 

washing machine 

240 V 
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10 Fig. 10.1 shows two strong permanent magnets with the N-pole of one magnet facing the 

S-pole of another. 
  

 
 
 
 
 
 
 
 
 
 

 
 

Fig. 10.1 
 

A section of a horizontal, wire AB lies in the magnetic field between the two magnetic poles. 
End A of the wire is connected to the negative terminal of the battery and end B is 
connected to the positive terminal. 
 

 (a) Suggest and explain a suitable material for the two magnets. 
   

 
   

 
   

[2] 
    
 (b) The part of wire AB that is in the magnetic field experiences a force F. 

On Fig. 10.1, draw an arrow to indicate the direction of F and describe how this 
direction is deduced. Label this force as F. 

   
 

   
 

   
 

   
[2] 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N 

S 

A 

B 
+ 

- 
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 (c) The equipment in Fig. 10.2 is used in a similar experiment except that the S pole of 
the magnet is replaced with another N pole of the same magnetic field strength. 
 

   
 
 
 
 
 
 
 
 
 
  

   
Fig. 10.2 

 
  AB is connected to the battery in the same way as before. 

State and explain what happens to magnitude of the force F on the wire. 
   

 
   

 
   

 
   

[2] 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N 

N 
A 

B 
+ 

- 
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Section B (30 marks) 
Answer all the questions in this section in the spaces provided. 

11 Fig. 11.1 shows two circuits which powers a heater when the room is cold.  
Circuit 1 has a source of e.m.f, 12.0 V, a variable resistor, X set to its maximum resistance 
of 600 Ω and a thermistor, T. The thermistor is connected across a relay with a very high 
resistance.  
The relay is an electromagnet that controls the operation of Circuit 2 by attracting the switch 
and turns the heater on when the room temperature falls below a certain value. When the 
relay is not in operation, the switch in circuit 2 remains open. Circuit 2 has an input 
alternating voltage of 120 V.  
Table 11.2 shows the resistance of the thermistor, T at different surrounding temperatures. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 11.1 
 

  Temperature / C Thermistor resistance / Ω 
10.0 280 
20.0 150 
30.0 80 
40.0 50 
60.0 25 
70.0 20 

 
Table 11.2 

 
 (a) Using Fig. 11.1 and Table 11.2, determine the voltmeter reading when the 

temperature reaches 30 ºC and X is set to its maximum resistance. 
   

 
 
 
 
 
 
 
 
 
 

voltmeter reading = …………………… [2] 
    

switch 

Relay Heater 
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 (b) Explain why the heater is activated when the temperature of the room falls. 
   

 
   

 
   

 
   

 
   

[3] 
 
 (c) The switch in Circuit 2 closes and activates the heater when the potential difference 

across the relay is 2.4 V or higher.  
Using Fig. 11.1 and Table 11.2, determine the range of temperatures of the room 
that can activate the heater when the variable resistor, X is set to 600 Ω. 

    
 
 
 
 
 
 
 
 
 
 
 
 

range of temperature = ……………………………. [3] 
    
 (d) The resistance of the variable resistor, X is reduced.  

Explain how this action will affect the operation of the heater in circuit 2. 
   

 
   

 
   

 
   

 
   

 
   

[2] 
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12 
 

 

 

 

 

 

 

Fig. 12.1 shows a car, which starts from rest and travels in a straight line.  
 
 

 

 

Fig. 12.1 
The force on the car due to the engine has a constant value of 4500 N. When the car 
is moving there is air resistance acting on the car.  
 
Fig. 12.2 shows how the acceleration a of the car varies with the air resistance P. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                           
 

 
                                                 
                                             Fig. 12.2 

 (a) State the initial value of P when the car is at rest. 
 

  
P = …………………….[1] 

  
 (b) (i) State the equation that relates resultant force F, the mass m of the car 

and the acceleration a.  
    

 [1] 
 
  (ii) Using Fig. 12.2 , calculate m. 

 

    
 

   m  = …………………………[2] 

P 

 

a / m/s2 

4500 N 

0 500 1000 1500 2000 2500 3000

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

P / N 
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 (c) Using Fig. 2.2, explain how the acceleration of the car changes with air resistance 
P. 

 
  

 
  

  
  

 
   

[2] 
  
 (d) The air resistance P and the force due to the engine in Fig. 12.1 are not Newton’s 

Third Law action-reaction pair. 
 
Describe the other force that is part of the action-reaction pair with P. and state 
the body on which it acts. 

 
  

 
  

  
  

 
   

[2] 
 
 (e) The brakes were applied at time t = 30 minutes. The velocity of the car decreases. 

In the next 10 min, the car travels a distance of 1.0 km. At the end of 10 min the 
car comes to a complete stop. 
 
On the grid in Fig.12.3 sketch a graph to show the displacement d of the car from 
time t = 30 to t = 50 minutes. Take displacement as zero from the position where 
the brakes are applied. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 12.3 

[2] 
 

 

 

 

30                 40                 50        t/min 
0 

0.5 

1.0 

d / km 
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13 Either 

 (a) Fig. 13.1 shows a throat microphone used by a teacher in class. The vibrations from 
his throat will be picked up by sensors in the throat microphone. 

Fig 13.2 shows the electric circuit setup that converts the vibrations from the throat 
to electric current in the throat microphone. 

 

 

 

 

  Fig. 13.1   Fig. 13.2 

  (i) State Faraday’s Law of electromagnetic induction. 
    

 
   

[1] 
  
  (ii) Explain how the movement of the throat can create an electric current in the 

solenoid in Fig. 13.2. 
   

   

   

   

   
[2] 

   
  (iii) Explain, in terms of Lenz’s law, why the electric current produced in the 

microphone is alternating. 
   

 
   

 
   

 
   

[2] 
   

 
 
 
 
 
 
 

solenoid 

V 
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 (b) When electricity is transmitted over long distances, a transformer is used to step-up 
the voltage before transmission. A second transformer is used at the destination to 
step-down the voltage to the usual mains value. 

  
 
 
 
 
 
 

  
  A power station generates electrical energy at 25 000 V, 12 000 A. The generator in 

the power station is connected to the primary coil of an ideal transformer shown in 
Fig. 13.3. The transformer changes the voltage before the electrical energy is 
transmitted across the country through the long cables. 
 
 
 
 
 
 

Fig. 13.3 
The output from the secondary coil of the transformer is 400 000 V. 

  
  (i) Calculate the turns ratio. 
   

 
 
 
 
 
 
 

turns ratio = …………………….. [1] 
   
  (ii) Calculate the output current from the transformer. 
   

 
 
 
 
 
 

output current = ……………… [2] 
  

Step-up 
transformer 

Step-down 
transformer 

Consumer 
home 
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  (iii) Explain one advantage of transmitting electricity through the long cables at a 
high voltage. 

   
 

   
 

   
 

   
 

   
[2] 
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 OR  

 (a) State two differences between boiling and evaporation.  
 1. 

  

 2.  

   [2] 

 
 (b) Fig.13.4 shows an electric kettle. 

 
 

 

 

 

 

 

Fig. 13.4 

 
  The circuit in Fig.13.5 shows the circuit representing the kettle used in Fig.13.4. 

 
 
 
 
 
 
 
 
 
 
                                         
 
 
 
 
 
A student decides to determine the power of the heater. 
 

  (i) On Fig.13.5, draw the appropriate instruments needed to determine the power 
of the heater. 
 

  (ii) State the formula the student uses to determine the power of the heater. 
 

  
[2]

 

power supply 

heating element of kettle 

                                        
Fig. 13.5 
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(iii) 

 

 
The kettle has an electrical power input of 2000 W and is switched on for a 
further 6.0 minutes after the water has reached its boiling point. 
 
The specific latent heat of vaporisation of water is 2.36 × 106 J/kg. 
 
Calculate the mass of steam (in grams) produced in 6.0 minutes. 
 
 

 
 
 
 
 

 
    

 
mass = ……………………….[2] 

 
 (c) When the kettle is switched off, the remaining water in the kettle cools down.  

Explain in terms of molecules, how evaporation causes a drop in the temperature 
of the water.  

  
 

  
  

  
 

   
[2] 

 
 (d) The surface of the kettle radiates a certain amount of thermal energy (infra-red 

radiation).  
 
Suggest and explain a suitable type of surface and colour used for the kettle.  

 
  

 
  

   
  

[2] 
 

 

 

End of paper 
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2 

  m = 0.146 kg A1 
3c Latent heat absorbed by the ice molecules is used to break the bonds and 

separate the molecules further away. The potential energy of the molecules 
increases. 

C1 

4a Difference in height is 35-25 = 10 cm 
Pressure of gas = 1.0 x105 – ( 0.1 x 13600 x 10) 

   =  86400 Pa 

B1 

A1 
4b The volume of the gas decreases and the pressure increases. The number of 

molecules per unit volume increases and this will increase the rate/number 
of collisions. The average force per unit area increases. 

C1 

B1 
5a GPE to KE B1 
5b mgh = ½ v2 

 10 x h = ½ x1.02 
 h = 0.050 m 

C1 

A1 
5c  4.0 s B1 
6ai Loudness decreases. Its amplitude decreases with time. B1 
6aii Pitch remains the same as its periodic time remains the same. Hence the 

frequency remains the same. 
B1 

6b 

7ai 

7aii 4.5 cm A1 
7b B1 

B1 mark – correct amplitude 

B1 mark – correct period 

M1 mark – correct ray diagram 

A1 mark – correct object 
i i

rease
asesesesesesesesesesesesesesessesesees...

de decreaaaaaaaaasssssssseseseseseseseeeessssssss wiwwwwiwwiwiwiwiwiwiwwwiwiwiiiwiiwiiiiiiiiiiittthththththtttttttttttt tttttttttttttttttttime.
its periodddddddiciciciciciciciciccccccccc ttttttttttttimimimimimimimimimimmmmmmmmeeeee e e e e e e e e e  rererererrerrrrerereereereeeeemmmmamamamammaaamammamammmaamaaammmmamammmammmmmmmmmmmmmmmmammmmmmmmmmmmmmmmmmmmmmmmmmmmaininininininiininininninininnininnnnsssssssssssss ss sss ththhthththththththththththththttththe eeeeeeeeeeeeeeee sasasasasasasasasasassasasasasasassaamemememememememememememememememememeememe. Hencccccccccccccccccce ee eeeeee eeeeee e e eeeeeee hththththththththtththhe 

me..........
B1

7ai

B1 marrrrrrrrrrrrrrrrrrrrrrrkkkkkkkkkk kkk ––––––––––– corrrrrrrrrrrrrrrecececececeecececececeecececeecececeeccececcct tttttttttttttttttttt aam

B1111111111111111111 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmaaaaaaaraaaaaaaaa k –––––––––––––– cococococococcoccocccocococoocoorre
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3 

Total internal reflection occurs at Q. 
Angle of incidence is larger than critical angle of lens and the light is 
travelling from denser medium to less dense medium. 

B1 

8a Some negative charges from the plaque and tooth  is transferred to the 
positive terminal at the handle of the toothbrush. 

B1 
B1 

8b The bristles are negatively charged and attract the positively charged plaque 
as  unlike charges attract. 
The tooth is which positively charged repels the plaque as like charges repel. 
Hence the plaque will be removed from the tooth. 

B1 

B1 

B1 

9a 

A1 

9b In the event that the casing becomes live, the user may get electrocuted. B1 
9c Connect the earth wire to the casing of the washing machine. B1
9d C1 

A1 

10a Steel. It is a hard magnetic material that does not lose magnetism easily. B1B1
10b Use Fleming’s left hand rule. 

Direction of thumb points in the direction of the force, index finger points in 
the direction of the magnetic field and the middle finger points in the 
direction of the current. 

B1 
B1 

10c The magnitude of the force is reduced to zero. ( decreases) 

AS the N poles are facing each other the magnetic field in the middle of the 
wire is zero ( weak). Little or no interaction of magnetic field to  produce a 
force. 

B1 
B1 

11a 
C1 

A1 

11b Temperature increase, resistance of T increases. 
Potential difference across T will increase. 

B1 
B1 

ositive

e plaaaaaaaaaaaaaaaaaqqqqqqqquqqqqqqqqqqqqq e assssssssssssssssss llllike ch
tooth.

A

the casasasasasing gggg becomeeeeeeees s sssssssssssssssssssssssss lilliiiiiiiiliiiiiiiiiiiiiiiivev , the user mmmmmmmmmmmmmmmmmmmmayayayayayayayayyayayayayyayayayayy get eeeeeeeeeeeeeeeeeeeeeleleleleleleelleleleleleleleleleleleleeleleeeeectctctctctctctctctctctctctctctctcttctcttctcccccc rrrrrorrrrrr cuted.
arttttthhhhhhhhhhhhhhhhhhhhhhh wiwiwiwiwwwwiwirerereree tttttttttttttttttto thththththe eeee caccccc singgggggggggggggggggggggggggggg oooooooooooooooooooofffff ffffffffffffffffffffff the wawwwwwwwwww shing machhhhhhhhhhinnininininnninininininninninnnninnnnneeeeeeee.eeeeeeeeeeeeeeeee

Steeeeeeeeeeeeeel.ll. IIIIIItttt is aaaaaaaaaaaaaaaaaaaaaaaa hhhhhaaaaaaraaaaaaaaaaaaaaaaaaaaaaa d magnnnnnnnnnneteteteteteetetee icicicccccccc mmmmmmmmmmmmmmmmmmmmmmmatterereererereerererereererereeerreeeererrrre iiiiiaiiii l ththththhthhhhhhtthatatatatatatatattatatatatattatatatttt dddddddddddddddddddddoes nononononooononononononononoonononononooonononooonononooott t t t ttttttt tttttttttttttt llllllolll
b Use FlFlFlFlFlFlFlemememmmemeee iniiiii g’’g’g’g’g’g’g’g’’’g’’’g’g’’g’’’s ssss lelelelelelelelelllelelelllellellleeeeeeeeft hananannanananannanannnanananannnnnnaanaaanannddddddddddddddddddddddddddddddd ruruuuruurrr lelelelelelelelelel .

Directionnnnnnn ofofoffff tttttttttttttttthhhhhhhhuhhhhhhhhhh mbmbbbbbbbmbmbbbbbbbbbbmbbbbbbbbmbbbb pppppppppppppppppppppppoioiooioioioiooo ntntttntn sssssss sssssssss in theeeeeeeeeeeeee dddddddddddddddddddddddddddddiririririririrriririririririirirrirriri eeeeeeeceeeeeee tiononononononononnononononononnononnonononnnno ooooooooooooooooooooooooooof fffffffffffffffffff th
thththhhhhhhhhhthhhhhhhhthhhhhht eeeee dididdidididddididddidididididididididiiiirerererererererererererererereeeeeereeeer ctctctccctcctccctctctctcctcctcctcccttctctttttttction ofofofffofofoffffffffofofffffoffofffooooo tttttttttttttttttttthehehehehe mmmmmmagagagaaggggggggggggnetic c c ccc ccccc cc c cc fiffffiffififififfifififif elelelelelelelelleeeleelelelee ddddd dddddddddd annnnnnnnnnnnnnnnnnnnddddddddddddddddddddddddd thththththththththhththhthhththhhththhhthhhhtt e 
directiiiiiiiiiiiiiiion offfffff thehehehehheheehehehhhhheheheehehhehheheheeeeheheehe cccccccccccccccccccccccccccccurururrururrrrururururrururururururururuu rrerrrrrrrrrrrrrrrrrrerrrrrrrrrr nt.
ThThThThThe mamammmammmmamammmmamaammamaamamamaaaaaaagnnngnnngnnngngngngngnnngngngngnnnnnnggggggggggggg ititititititititttititittittttttttititttttttittttududuudududuududududududuududuuuduuuudududduuddddddde e ee e ofofofofoofofofofofofofoooofoffoffofoffofofooo  the fffffffffffororororororororororororororororororrrro cccecccccccccccccccccccc  is rererererererererererererererereereerereeeeererredududududududududududududududdududududdudduddddudd ce

AS tttttttheheheheheeheheheeeeheeee NN pppppppppoloollollolololollolollololllolloooooo es areeeeeeeeeeeeeeeeeeeeeeeee fffffffffffffffffffffffffaaaaaaaaacaaaaaaaaaaaa ing each
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5 

Hence inducing an emf across the solenoid and since the circuit is complete, 
current is induced. 

aiii The current induced in the solenoid flows in a direction that generates 
polarity at the side of the solenoid facing the magnet to oppose the 
movement of the magnet. 
As the magnet vibrates in and out of the solenoid, the current induced has 
to alternate in order to generate opposite polarities to oppose this 
movement. 

B1 

B1 

bi 

A1 

bii 

C1 

A1 

biii When voltage is high, the current through the transmitting cable is low. 
This will reduce the amount of energy lost as thermal energy when current 
goes through the long cables.  

B1 
B1 

OR 
13a 1. Boiling occurs throughout the liquid.

Evaporation occurs at the surface.
2. Boiling occurs at a fixed temperature and evaporation occurs at any 

temperature. 

C1 C1 

13b(i) 

Power = I V 

B1 

B1 
13b(ii) P x t = ml 

2000 x 6 x60 = m x 2.36 x 106 
m = 0.31 kg = 310 g 

C1 

A1 
13(c) The faster moving molecules are able to leave the surface of the liquid. The 

average speed of the molecules in the liquid decreases hence the average KE 
decrease. This results in loss of energy. 

C1 C1 

C1

s highghghghghhhghhghhhghhghhhhhhhhghhhghhghhghhhghhhghghhhhhghghghghhhghggghhghghghgghhghghghghghghghgggghhhhgghhgggggggggggg ,,,,,,,,,,,, ththtttttttttttttttttttttttttttttttttttttttttttttt e e eeeeee cuucuuccccc rrrrrrrrrrrrrrrr ene t thhrrrrrrroorororororrrrrrororrrrrrrrrrrrrorrrrrrrrrrorrrrrrrrrrrrrr uuuuuuuuuuguuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu h the transmsmmmmmmmmmmmmmmmmmmmmititititititititititititititititititititti ttttttttittttttttttt ngggggggggggggggg ccccccccccccccccccccabababbbbbababbabbabbbababbbbbllllllellllelllll  is low.
ucee ttttttttttttttttttttttttttttttttttheheheheheheheheheheeheeeeheeeheeeeeheheheeeeheheeeeheheeheeeeeeeheeeehheeehhhhhhhhhhh aaaaaaammmmmmmmmmmomomomommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm unntt ttttt ofofofooooooooo eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenenenenneeneeeneneeeneneneenenneneeenenenenenenenneeneneneennnnenneneeeeeeenennnnenenneneeeneneneeeneneneneneneneenenennennen rgrgrrgrgrgrgrgrgrgrgrgrrrgrrrrgrrrgrrrrrgrrgrrrrrrrgrrggggggggggggyyyyyyyyyyy y yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy lollll ststttttttttttttttttttt aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaas s ssssssssssss s thermal enenennenneneneneneneneneneneneennerereeeeeererererereeereeeerereee gygygygygygygygyygygyygyygyygygyggygyyyy wheheheheheheheheheheheheheheeeheheheheheeennnn nnnnnnn nnnn cu

ugh ttttthhhhehehehehehehehehehhhehehhehhhhhhhehhhhhhhhhhhhehehhhhhhehhhhhhhhhhhhehhhhhhh lllllllllononononongggggggggggggggggggggggg ggggg ggggggg gggg gg gggg gggggggggggggggggg ccccccccccaacacacacacacaccccccccaccccccccccccccccccaccccccccccc bblbbbblblblbbblblbblbbbbblbblbbllblbbbbbbbb esesesesesesessssssssssssese ................... .....

1. BoBoBoBoBoBoBoBoBoBoBoBoBBoBoBoBoBoBoBoBoBoBoBBBBoBBoBBBoBoBBBBBoBBBBBBBBBBBBBBBBBBoBBBBBBBBBBBBBBBB ililiiliililliliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliniiniiinniniiinininnnnnnnnnnnnnnnnnnnnnnnnnngggggg gggggggggg ggggggggg gggggggggggggggggggggggggggggggggggg ococcococococcccucucucucuccuccccuccucucucuuucucucucucccuucucucucuucucccuuuucuuucuuuuuucuuuuuuuuuuuuuuuuursrrsrsrsrrrrrrsrrsrrrrsrrrrrsrrrrrrrrrrrr ttttthhhhrhhrhhhhhhhhhhhhhhhhhhhhhhhhhhhh ouoo ghghghhhhghghghghhhhhhghghhhghhhghhhhghhhhhghghhghhhhghhghghhhghhghhhhhhhhghhhhghhhghhghgggggggggg ououououououououououououououuouoouuouououoouoooooooooooooooooooooooooooooooooooooooooouoooo t t ttt tttt ththhhhththhhthhhthhthththht eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee lllllilillllllllllllll quidddddddddddddd.........
EvEvEvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvapapppppppapppappppapppppppappapppppppppappppppppppppppppppppppporooooororororororrrrrraataaaaaatatatatioiionnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ooococoocococococcooooooooooooooooooooooooooooooooooooococo ccucucucuuucucucucucucuccuccucuuuuuuuuuuuuuuuuuuuuuucuuuucc rsrsrsrsrsrsrsrsrssrrrsrrsrsrsrrrrsrsrsrrrrrsrsrsrrrrsrrsrsrrrsssssrsssr aaaaaaaaaaaaaaaaaaaaaaaatttttttttttttttttttttttt ttttttttttttttttt tthththtthththththththhthththththththhththhhthhthththhthhthththhtthththtththhtththhthtththtthtttthhthtththhthththhtthhthththhttthhhthttttheeeeee e e e eeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee susssusuususussuuuuussusssssssssssssssssssssssssssssssss rfrfrffffffffffffaaaaaaaacacaaaaaaaaaaccccccccccccccccccce.e.e.e.e.e.e.e.eee.ee.ee.e.eee.e

2. Booililililillililiiililiililiiliiliililiililiiliiiliiliiiiiliillllllllinininnnininninnnnnnnnnnnninnnnnng gg gggggggggggggggggggggggggggggggggggggggggggggggggggggg occurs aaaaaaaaaaaattttttt t tt t aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa fifififffffififififififfiifiiiiififfiifiiiififffffffffffffffif xex ddddddddddddddddddddddd ttetettt mppppppppppppppppererererererere atatatatatatatatatatatattatatatattaataatureeeeeeeee anananananananananananananananaananaananndddddddddddddddddddddddd ev
teteteteteteteteeeet mpmpmppppmpppppppppmpppppmpmppppppppmpppppppppppppppppppppppppppmppppppppppperererererererrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrataaa urreeee.e..e.e..e.e.e.e.e.eeeeeeeeeeeeeeeeeeeeeee.eeeeeee.eeeeeeeeeeeee

133b(b(b(b(b(b(b(b(b(i)i)i)iii

www.KiasuExamPaper.com 
336



6 

13(d) Shiny smooth surface so that less thermal energy is lost by radiation as shiny 
surfaces are poor radiators of thermal energy. 

B1 B1 
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1 The diagram shows vernier scale V placed against a main scale S.

What is the reading on the vernier caliper?

A 5.23 cm B 5.26 cm C 5.33 cm D 5.43 cm

2 A pendulum swings from X to Y and back to X again twenty times in 37.4 s.

What is the frequency of the pendulum?

A 0.0267 Hz B 0.267 Hz C 0.535 Hz D 1.87 Hz

3 The diagram shows a micrometer reading when a ball-bearing was gripped 
between the anvil and the spindle. If the instrument has a zero error of +0.02 mm, 
what is the actual diameter of the ball bearing in mm? 

A 10.65 mm B 10.67 mm C 10.69 mm D 11.17 mm

10
25

20

15

10
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4 A ball is thrown vertically upwards. 
Which graph best demonstrates the entire motion of the ball as observed from 
the ground?

A B

C D

5 A car moving with a speed of 15 m/s can be stopped in a distance of 15 m under 
constant deceleration. What is the time taken to brake?

A 1.0 s B 2.0 s C 3.0 s D 4.0 s

6 An engine pulls a truck at constant speed on a level track. 

The link between the engine and the truck breaks. The driving force on the engine 
remains constant. What effect does this have on the engine and on the truck? 

engine truck

A speed stays constant slows down

B speeds up slows down

C speed stays constant stops immediately

D speeds up stops immediately

engine
link

truck

track
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7 A rocket has a mass of 100 kg. The force produced by the engine of the rocket is 
3000 N in the direction against the force of gravity. [g = 10 N/kg]

What is the acceleration of the rocket? 

A 10 m/s2 B 20 m/s2 C 30 m/s2 D 40 m/s2

8 Which of the following physical quantities consist only of scalar quantities? 

A acceleration, force, velocity

B acceleration, force, volume

C acceleration, mass, velocity 

D mass, time, speed 

9 The diagram shows a tea spoon and a table spoon that are made of pure silver.

Which statement is correct about the densities of the two types of spoons? 

A Both spoons have the same density.

B The densities for the tea spoon and the table spoon are 20 g/cm3 and 50 
g/cm3 respectively.

C The table spoon has a higher density than the tea spoon.

D The tea spoon has a higher density than the table spoon.

tea spoon
20 g

table spoon
50 g
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10 A uniform beam XY is balanced on a pivot with two weights, W1 and W2 hung at 
equal distances from the pivot. 

It is observed that the end Y moves downward when W1 is removed.

Where should the pivot be in order to balance the beam again?

11 A boy uses paper clips to balance a toy bird on his finger as shown.
What is the effect of the paper clips?

A They help to raise the centre of gravity of the toy bird to a position as high 
as his finger.

B They help to lower the centre of gravity of the toy bird to a position as high 
as his finger.

C They help to raise the centre of gravity of the toy bird to a position above 
his finger.

D They help to lower the centre of gravity of the toy bird to a position below 
his finger.

DA B C

0 1 2 3 4 5 6 7 8 9 10

X Y

W2

0 1 2 3 4 5 6 7 8 9 10

X Y

W1
W2

toy bird

paper clips

pivot
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12 The diagram shows a metal sphere oscillating on a frictionless track. 

Which statement is true?

A The kinetic energy of the metal sphere is minimum at R.

B The kinetic energy of the metal sphere is the same at all times.

C The potential energy of the metal sphere is minimum at P.

D The total energy of the metal sphere at S, R and P are equal.

13 The diagram shows a small object of mass 2.0 kg moving along a track. The 
speeds of the object at point A and B are 4.0 m/s and 1.0 m/s respectively. The 
length of the track AB is 2.5 m. [g = 10 N/kg]

What is the average value of frictional force acting on the object as it is moving 
from A to B?

A 2.8 N B 5.6 N C 11.2 N D 22.4 N

14 A box with a mass of 20 kg has dimensions as shown.  

What is the maximum pressure that the box can exert on the ground? [g = 10 
N/kg]

1.4 m

0.8 m

0.2 m

1.0 m
1.4 m

metal sphere

frictionless track

P S

R

P S

R
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A 125 Pa B 179 Pa C 714.3 
Pa

D 1250 Pa

15 The diagram shows a hydraulic pump.

Which statement is correct?

A The force F is greater than the weight of the load.

B The force F is the same as the weight of the load.

C The pressure on piston P is the same as the pressure on piston Q. 

D The pressure on piston P is smaller than the pressure on piston Q.

16 A container which is open to the atmosphere contains a layer of liquid L floating 
on liquid M. Liquid M has a density which is twice as great as that of liquid L.

Which graph shows how the pressure p, at a point varies with its height x, above 
the base of the container? 

A B

C D

Piston P Piston Q

loadF

liquid L

liquid M

x
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17 What is the pressure at point A in the mercury barometer shown below?

A 300 mmHg B 460 mmHg C 760
mmHg

D 1060
mmHg

18 Brownian motion is often demonstrated by viewing through a low power 
microscope illuminated smoke particles contained in a sealed transparent cell.

Which statement is not correct?

A The observed motion is caused by the random motion of the smoke 
particles.

B Small specks of light are seen moving about in a random motion.

C Air molecules are too tiny to be observed through the microscope.

D The speed of the observed motion would decrease if the temperature drops.

19 Gas inside a cylinder is cooled slowly to a lower temperature. The pressure inside 
the cylinder remains constant as the piston moves inwards.

How do the speed of the particles and their rate of collisions with the cylinder and 
piston compare with their initial values at the higher temperature?

average speed rate of collision

A decreases decreases

B decreases increases

C same same

760 mm

300 mm

gas direction of motion
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D same decreases

20 Which change in physical property cannot be used for temperature 
measurement?
A e.m.f. of a battery

B electrical resistance of a solid

C pressure of a gas

D volume of a liquid

21 A student puts the bulb of an unmarked liquid-in-glass thermometer into melting 
ice, then into steam and finally into sea-water. The diagram shows the liquid 
levels measured from the bulb. 

What is the temperature of the sea-water?

A 2 oC B 6 oC C 20 oC D 33 oC

22 Four different objects, A, B, C and D are heated by the same heater. The change 
in temperature, for four different objects, A, B, C and D is plotted against time 
as shown below. 

steam

sea-water

ice

6 cm

2 cm
1 cm

time

A
B

C
D
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Which object has the highest heat capacity? 
23 The diagram shows the rise in temperature of 2.0 kg of a substance, X. The 

substance is initially in solid state and it was heated uniformly at the rate of 2000 
J/min. 

Which set of data about X is correct?

specific heat capacity of solid X 
in J / (kg °C)

specific latent heat of fusion of X 
in J / kg

A 8000 6000

B 1330 6000

C 4000 3000

D 1330 3000

24 The outer surface of an electric kettle is always kept polished and shiny. What is 
the purpose of this?

A to reduce energy loss by conduction

B to reduce energy loss by radiation

C to reduce energy loss by convection

D to reduce energy loss by evaporation

temperature / 

time / min0 2 4 6 8 10

2

4

6

8
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25 The diagram shows a beaker of water placed near a burning candle.

How does thermal energy from the candle reach the water in the beaker?

A conduction, followed by convection

B radiation, followed by conduction

C convection, followed by conduction

D radiation, followed by convection

26 The diagram shows the motion of a wave in a ripple tank.

What are the amplitude and frequency of the wave?

amplitude / cm frequency / Hz

A 1.0 2.0

B 1.0 4.0

C 2.0 2.0

D 2.0 4.0

beaker

water
burning 
candle

time / sitttiititittittttititiitimememememememememememememememememememem ///////////////////// s

height / cm
4

2

0
0 0.25 0.5
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27 The diagram shows a ray of red light used to investigate the critical angle of two 
materials Y and Z.

Which statement is correct?

A The frequency of red light is greater in material Y than in material Z.

B The speed of red light is the same in materials Y and Z.

C The refractive index of material Y is larger than that of material Z.

D The wavelength of red light is longer in material Y than in material Z.

28 The diagram shows waveforms produced by a flute (Y) and turning fork (Z) played 
by two students.

How does the loudness and pitch of the sound from the turning fork Z compare 
to flute Y?

A The loudness of Y is lower but has the same pitch as compared to Z.

B Both Y and Z have the same pitch and loudness.

C The loudness of Y is higher and the pitch is lower as compared to Z.

D The loudness of Y is the same and the pitch is higher as compared to Z.

ray of red 
light

ray of red 
light

material Y material Z
air air

pressure variation

time

Z

Y
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29 A student draws three rays of light from point P through a converging lens.
Each point labelled F is a principal focus of the lens.

Which of the rays is/are drawn correctly?

A ray Y only

B ray Z only

C ray X and Y

D ray X and Z

30 The diagram shows different regions of the electromagnetic spectrum.

Which statement is correct about the electromagnetic wave found in Z?

radio 
waves

Z visible 
light

gamma 
rays

A It has a higher speed in glass than in air.

B It can be used in a remote controller.

C It has a lower frequency than radio waves.

D It has a smaller wavelength than gamma rays.

ray X

ray Z ray Y

FF

P
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31 The diagram shows the electric field lines in the vicinity of two isolated electric 
charges, P and Q.

Which statement correctly identifies the charges P and Q?

A Both P and Q are positive.

B Both P and Q are negative.

C P is positive and Q is negative.

D P is negative and Q is positive.

32 The electromotive force of a cell is 2.0 V. 
Which statement about the cell is correct? 

A The cell can supply 2.0 C of charge per second.

B The cell can supply 2.0 W of electrical power per second. 

C The cell can supply 2.0 J of energy per coulomb of charge.

D The cell can supply 2.0 J of energy per coulomb of charge per second.

33 The potential difference between the clouds and the earth during a lightning strike 
is estimated to be 6.0 × 105 V. The lightning transfers 6.0 C of charge from a 
cloud to the ground in 2.0 ms.

What is the average current during this event?

A 0.012 A B 3.0 A C 3000 A D 12 000 A
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34 The graph shows the current-voltage relationship respectively for two resistance 
wires P and Q.

The wires are made from the same material and have equal lengths. The 
resistances of the wires and their cross-sectional areas are different.

Which wire has the greater resistance and which wire has the larger cross-
sectional area?

greater resistance larger cross-sectional area

A P P

B Q P

C P Q

D Q Q

35 The diagram shows a circuit containing five resistors connected to a battery.

In which resistor is the current the smallest?

current

voltage

P

Q
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36 A circuit is set up in the diagram.

What is the ammeter reading in the circuit?

A 0.50 A B 0.67 A C 1.5 A D 2.0 A

37 Which electrical appliance is correctly wired to a three-pin plug?

aluminium casing

aluminium casing

aluminium casing

aluminium casing

A

B

C

D

switch

switch

switch

switch

device

device

device

device

www.KiasuExamPaper.com 
354



17

38 The diagram shows the direction of the compass needle when placed near two 
bar magnets. 

What are the likely poles at X and Y?

pole at X pole at Y

A North South

B North North

C South North

D South South

39 The diagram shows an electron beam entering a magnetic field. The direction of 
the magnetic field is into the page.

What will be the initial direction of the deflection as the beam passes through the 
field?

A into the page
B out of the page
C towards the top of the page
D towards the bottom of the page

X                                             Y

N

electron

beam
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40 The diagram shows the trace obtained on the screen of an oscilloscope when a 
given signal is applied to the input terminals.
The time-base is set at 2.0 ms / div and the y-gain is set at 2.0 V / div.

Which row correctly represents the peak voltage and frequency of the signal?

peak voltage / V frequency / Hz

A 4.0 83.3

B 4.0 125

C 8.0 83.3

D 8.0 125
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Section A [50 marks]
Answer all the questions in this section.

1 Fig. 1.1 shows the horizontal forces acting on a moving car.  The forward driving 
force remains constant throughout the journey.

Fig. 1.1

Fig. 1.2 shows the total resistive force that acts on the car.
Fig. 1.3 shows the speed-time graph for the first 24 s of the motion of the car 
along a straight road.

Fig. 1.3

forward driving forcefo
total resistive force

Fig. 1.2
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(a) (i) State the terminal velocity of the car.

terminal velocity = ………………………… [1]

(ii) Determine the driving force of the car. 

driving force = ………………………… [1]

(b) With respect to the forces acting on the car, describe the motion of the car during 
the first 24 s of motion.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………… [3]

(c) The car has a mass of 800 kg.
(i) Calculate the resultant force of the car for the first 8 s of the journey.

resultant force = ………………………… [2]

(ii) Determine the total resistive force, F, on the car during the first 8 
seconds of the journey.

F = ………………………… [2]
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2 In Fig. 2.1, XY represents a flat kite of weight 5.0 N. XY is inclined at 30 ° to the horizontal 
and the wind exerts a steady force of 8.0 N at a right angle to XY so that the kite flies 
freely.

Fig. 2.1 (not to scale)

(a) In the space below, draw a scaled diagram to find the magnitude of the resultant 
force acting on the kite and the angle to the horizontal at which the force acts.

resultant force = …………………………

angle to the horizontal = ………………………………………… [3]

(b) The string holding to the kite snaps and the kite flies off under the effect of the two 
forces in part (a). Describe the motion of the kite.

……………………………………………………………………………………………..

……………………………………………………………………………………… [1]
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3 A plastic bottle is partially filled with boiling water and sealed after 20 seconds. The bottle 
is then placed into a tub of ice, as shown in Fig. 3.1. The bottle becomes partially 
crushed.

Fig. 3.1

(a) Explain how the air molecules in the bottle exert a pressure on the bottle.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………… [2]

(b) Explain, in terms of the molecules of the air inside and outside the bottle, why the 
bottle becomes partially crushed after placing it in ice.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………… [3]

(c) Suggest what could be done to restore the plastic bottle to its original shape.

……………………………………………………………………………………………..

……………………………………………………………………………………… [1]

sealed plastic bottle 
with boiling water

containerice cubes
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4 A beaker is filled with water and placed on a hot-plate to boil, as shown in Fig. 4.1. The 
hot-plate is on top of a balance, which measures the mass of water in the beaker.

Fig. 4.1

The liquid boils for a long time. There are bubbles within the boiling water. 

(a) State what is inside each bubble.

……………………………………………………………………………………… [1]

(b) The mass of water is measured at two different times, while the water is
boiling steadily.

During this time
the mass of water in the beaker decreases by 20 g
the energy supplied to the hot-plate is 52 000 J
the energy lost from the hot-plate and beaker to the atmosphere is 6000 J

Calculate the specific latent heat of vaporisation of water.

specific latent heat of vaporisation = ………………………… [2]

boiling water

bubble

hot-plate
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(c) The beaker of water is taken off the hot-plate. The boiling stops but evaporation 
still continues and the water cools.

Explain, using ideas about molecules, how evaporation causes cooling.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………… [2]

5 Fig. 5.1 shows two glass containers, one painted black and one painted white, 
containing gases A and B respectively. They are connected together by a tube 
containing mercury.

Fig. 5.1

The density of mercury is 13 600 kg/m3.

(a) State which gas is of a higher pressure.

……………………………………………………………………………………… [1]

(b) Given that Gas A is at 120 000 Pa, calculate the pressure of Gas B. [g = 10 N/kg]

pressure of Gas B = ………………………… [2]

painted black

mercury

painted white

Gas 
A

Gas 
B

H1
(40 cm)

H2
(48 cm)
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(c) The whole set up is then placed under strong sunlight. Describe and explain how 
H1 and H2 would change. 

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………… [3]

6 Two different kettles are used to heat water, as shown in Fig. 6.1.

Fig. 6.1

Data for the two kettles is shown in Fig. 6.2.

energy supplied to the
kettle in one minute / J

thermal energy supplied by 
the kettle to the water in one

minute / J
electric kettle 120 000 95 000
gas heated kettle 130 000 90 000

Fig. 6.2

(a) Calculate the efficiency of the gas heated kettle. 

efficiency of kettle = ………………………… [1]

electric kettle gas heated 
kettle

gas burner
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(b) Calculate the useful power of the electric kettle. 

useful power = ………………………… [2]

(c) The boiling water produces steam at 100 °C.
(i) Using ideas about particle arrangement and attractive forces, state two 

differences between the particles of boiling water and steam.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [2]

(ii) Explain why the temperature of boiling water remains constant at 100 °C.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [2]

7 Plaque is a thin layer of bacteria on teeth. When it is on the teeth, the surfaces of the 
teeth are negatively-charged and the plaque is positively-charged as shown in Fig. 
7.1.

Fig. 7.1

(a) Explain why plaque clings on the teeth and is difficult to remove.

……………………………………………………………………………………………..

……………………………………………………………………………………… [1]
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(b) A new type of toothbrush, Ionic Toothbrush, as shown in Fig. 7.2, helps to clean 
teeth using electrostatic charge. The handle of the Ionic Toothbrush is connected 
to the positive terminal of the battery and hence becomes highly positively-
charged. The head and bristles of the toothbrush is connected to the negative 
terminal of the battery and becomes negatively-charged.

hand

handle

body

handle connected
to positive terminal
of a battery

tooth

head

Fig. 7.2

(i) Describe how the teeth becomes positively-charged when the Ionic 
Toothbrush is used.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [2]

(ii) State two reasons why the plaque leaves the surface of the tooth.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [2]

(c) It is recommended that the teeth should be brushed for 5 minutes. Calculate the 
total charge passing through the brush in this duration, given that a steady current 
of 0.1 mA passes.

total charge = ………………………… [2]
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8 Fig. 8.1 shows a battery of 12.0 V, an ammeter, a 10.0 entiometer of 
total resistance 30 and a 5.0 a circuit.

Fig. 8.1

The jockey is now placed on Z, which is a point on the potentiometer such that the 
distance XZ is twice the distance YZ.

(a) Calculate the total resistance of the circuit when the jockey is at Z.

total resistance = ………………………… [2]

(b) Determine the ammeter reading.

ammeter reading = ………………………… [2]

(c) The 10.0 resistor is now replaced with a thermistor, which has a resistance 

Explain how the brightness of the light bulb changes when the surrounding 
temperature is high. 

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………… [2]

(not drawn to scale)

E
12.0 V

Y

A

X

Z
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Section B

Answer all the questions in this section.
Answer only one of the two alternative questions in Question 11.

9 A hot-drinks vending machine company wants to determine the best type of cup 
dispensed by the machine that will keep the hot drinks warm for as long as possible.    

Fig. 9.1 shows two possible designs that the company are considering.

Fig. 9.1

Fig. 9.2 shows the temperature drop over twelve minutes for two cups, of the same size 
but of different materials, filled with 200 g of hot tea.

cup made from paper pulp cup made from polystyrene

without lid with lid without lid with lid

time / min temperature/ oC temperature/ oC temperature/ oC temperature/ oC

0 100 100 100 100

2 85 85 88 88

4 75 76 79 80

6 66 67 71 73

8 54 56 64 66

10 50 53 59 63

12 48 51 57 61

Fig. 9.2

(a) Suggest a reason why the temperature decrease over 12 minutes for the 
polystyrene cup is lower than that of the paper cup.

……………………………………………………………………………………………..

……………………………………………………………………………………… [1]

lid

cup
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(b) (i) Explain how the data in Fig. 9.2 shows that the lid keeps the tea warm.

………………………………………………………………………………………

………………………………………………………………………………. [1]

(ii) Explain, using ideas about conduction, convection and evaporation, how the 
presence of the lid keeps the tea warm. 

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [3]

(iii) Suggest one possible disadvantage for the company if the lid is used.

………………………………………………………………………………………

………………………………………………………………………………. [1]

(c) With reference to the data in Fig. 9.2, state and explain whether it is effective to 
choose the right material for the cup or to have a lid to keep the contents in the 
cup warm. 

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………… [2]

(d) An employee of the company claims that the cups should be coloured black as 
black surfaces are good absorbers of thermal energy, thus keeping the hot drinks 
warm for a longer duration. State and explain whether the claim is valid. 

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………… [2]
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10 A laser produces a beam of red light.
(a) The red light from the laser has a frequency of 4.3 x 1014 Hz.

(i) State the speed of red light in air.
speed of red light = ………………………… [1]

(ii) Calculate the wavelength of this red light in air.

wavelength of red light = ………………………… [2]

(b) The beam of red light from the laser strikes one side of a glass prism at an angle 
of incidence i. The red light refracts towards the normal as it enters the prism.

Fig. 10.1 shows the prism, the red light and a screen.

Fig. 10.1 (not to scale)

The refractive index of the glass for red light is 1.52. The angle of refraction 
in the glass, where 

Calculate the angle .

angle = ………………………… [2]

laser

red light screen
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(c) The laser in (b) is replaced with a filament lamp and a slit, as shown in Fig. 10.2.
The filament lamp emits white light that consists of several colours, including red
and blue light.

Fig. 10.2 (not to scale)

A ray of white light now strikes the prism.

(i) The refractive index of glass for blue light is 1.56.

On Fig. 10.2, draw how the blue light travels as it passes through the 
prism and strikes the screen. [2]

(ii) In addition to visible light, the filament lamp also emits some infra-red
radiation. This infra-red radiation is able to pass through glass.

1. Infra-red radiation is often detected by using a sensitive thermometer with 
a bulb that has been painted black.

Explain why the blackened bulb makes the thermometer a good detector of 
infra-red radiation.

………………………………………………………………………………………

………………………………………………………………………………. [2]

2. On the screen in Fig. 10.2, mark with an X to indicate a suitable 
position to place the thermometer to detect the infra-red radiation. [1]

white light

filament lamp

screen

red light
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11 EITHER
(a) Fig 11.1 shows an iron rod AB resting in a magnetic field and connected to a circuit

with a potentiometer. The rod can move freely in the magnetic field.

Fig. 11.1

Describe what happens to the rod when:
(i) the switch is closed.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [2]

(ii) the switch is closed and P is moved downwards on the potentiometer.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [2]

(iii) the polarity of the battery is changed before closing the switch.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [2]

straight conducting 
wiresA

B

P
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(b) Fig. 11.2 shows the structure of a bicycle dynamo.

Fig. 11.2

(i) Explain briefly why the rotation of the driving wheel produces an alternating 
e.m.f. across the output terminals.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [3]

(ii) In the graph provided below, sketch two complete cycles of the output 
voltage of the dynamo with time. 

[1]
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11 OR
(a) Two coils, A and B, are placed one on top of the other, as shown in Fig. 11.3. Coil 

A is connected in series with a battery and a switch. A millivoltmeter is connected 
across the terminals of coil B.

                             Fig. 11.3                                             Fig. 11.4

(i) Describe what happens to the millivoltmeter reading in Fig. 11.3 when the 
switch is closed and a current flows in coil A.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [3]

(ii) On Fig. 11.4, draw an arrow on coil B to indicate the direction of the induced 
current in coil B when the switch was just opened.                                          

[1]

(iii) Explain the direction of the inducted current drawn in (ii).

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………. [2]

coil A

mVcoil B

wooden rod

coil A

mVcoil B

wooden rod
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(b) Fig. 11.5 shows two coils of insulated wire wound on an iron core to make a 
transformer. 

Fig. 11.5
One coil is connected to a 16 V a.c. supply. The other coil is connected to a lamp, 
which is rated 12 V, 24 W.

(i) The lamp is operating at its correct rating. 
Calculate the minimum current drawn from the 16 V supply.

current = ………………………… [2]

The current drawn from the supply is found to be 1.7 A instead. Calculate
(ii) the input power to the transformer, and 

input power = ………………………… [1]

(iii) the energy lost by the transformer each second. 

energy lost = ………………………… [1]

END OF PAPER
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3b When the bottle is placed in ice, the air molecules inside the 
bottle loses thermal energy. Thus, it has lower average 
kinetic energy and moves slower/at lower speeds.

This cause the air molecules to bombard the walls of the 
bottle less frequently and exert a lower average force per unit 
area.

The air molecules outside the bottle exerts a greater force 
per unit area compared to air molecules inside the bottle. 
Thus, there is a resultant/net force pushing the bottle 
inwards. 

1

1 

1 

3c Place the bottle in warm water. 1

4a Water vapour / water in gaseous state. 1

4b       Q = mlv
52 000 – 6000 = 20 x lv

 lv = 2300 J/g 
1 
1 

4c The more energetic molecules at the water surface has 
enough energy to overcome the atmospheric pressure and 
attractive forces and leaves the surface of the liquid. 

The remaining molecules have lower average kinetic 
energy and since temperature is related to the average 
kinetic energy per molecules, hence, temperature 
decreases and cooling occurs. 

1

1 

Point on 
overcome 
atm 
pressure 
must be in 
answer

5a Gas A 1

5b PB + (0.08)(13600)(10) = 120 000 

PB = 1.09 x 105 Pa or 1.1 x 105 Pa. 

1

1 

5c H1 will drop and H2 will rise.

Black surfaces are good absorbers of radiation/thermal 
energy. Gas A receives the thermal energy, resulting in an
increase in gas pressure. 

This increase in pressure pushes the level of mercury down 
in the left arm and up in the right arm, thus increasing the 
height difference between the two levels.

1

1 

1 

drop ananannnnannanannannnnnnnnnnaannananandddddddddddddddddddddddddddd HHHHHHHHHHHHHHHHHHHHHHHHHHHH2 will ris

s are

e. 1

g
1
1

molllleceeeeeee ules aaaaat thththttt e watet r surfrfrfrfrfrfrfrfrfrfrfrfrfrfrfrfrfrffrfrfrfacacccccccaccacaccaccaacccaccce has 
overcomomomomomeeeeee the atmmmmoomomomommmmmommmmmommommmmmmommmm sssssspssssssssssssssssssssssssssssss heric presssssssssssssssssssssusususususususususussususususususususususurrrrrrerrrrrrrrrrrrrrrr  andddddddddddddddddddddddddddd 

annnnnnnnddddddd dddd ddddddddddddddddddddddd eleleleleleleleeeeeeeeeeeeeeeavavavavvvvvvvvvvvvvvvvvvvvvvvvvvva esssss ttttthehehehehehee surfafafaafaafaafafaaaaaaaaafaafaaaaaaaaaafafaff cccececcccceccccccccccccccccccccccccccccccccc  of f thttttttttthtttthhhe liquidddddddddddddddddd.

aining mommomomommommmmomomomomomomommomomommmomommo eeeeeeleeeeleleeeeeelelelleeeleleleeeeeecucucucucucucuucucucucucuuuuucucucuuucucuucuucuuuucuucuuucccccccccccc llllellllllllll s hahaahhahaahahaaahaahaaaaaaaaaaaaaah ve lowwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwereeeerererererereeeeeeeeeeee aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaavev ragegegegegegegegegegegegegegegeegegeegegegeggeggeggeeegeg  kineteeeeeeeeeeeeeeeeeeeeeeeeeee icicicicicicicciciccicicicccicccicciiciccccccci  
y andndndndndndndndnddnndn ssssssssssssssssssssssssssssssssiniininiiniiiniiininniniinnnnnnnnnnnce temmmmmmpepeppepeppepepeppepepepeppppeppepepepepppepepepeeeeeeeeeeeeeeerarararaaraararararaaaaaraaaararararaaaraararaaraaaraararrrrrr tutuutututututuututttuttutututtutututtttututuuuurrrerrrrrrrrrrr iiiiiisss sssssssssssssssssssssssssssssssssss rerererererrererererererererrerereeeeeeeeeeeeeeelalalalalalallalalalaaalaalalaaalaaaaaaaaaalaatetteteetetettetetettettteteteettettteteteeeeeeeeeeeedddddddd ddddddddddddddddddddddd to tttttttttttttttttttttttttthehehehehehehehehehehehehhehehehehehhehehehheheeheheehheeheheh  aveveveveeveveveveveveeveveeveveveveveveeeeveevevveveevv rararararararararararararararararaarararararaararaaaaaararr ge

tic ennnnnnnnnnnnnnnnnnnnnnnnnnererererrerererererrrerrerrerrrrerrerrrrrrrrrrrrrrrrre gygyggyggygygygygygygyggygygygygygygygyyygyyygyygyyygygyyyyygggg ppppppppppppppppppppererereeereeererereeererereeeerererererereererererrrrr momommmomommmmmmmmmm lecucucuuucucuuuuuucucuuucucuuuucuuuuuuuucuuucuuuuucuccccuulelelllelelllllelelellleleleleleeleeeeleeeeellllll s,s,s,s,s hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhenceeeeeeeeeeeeeeeeeeeee,,,,,,,,,,,,,, ttttttettttttttt mppmpmpmpmppmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmmmmmpmppm erereererereerereereeeeeerereeeeeerrereeereeee aaaaataaaaaaaaaaaaaa
ecrrrrrreaeeaeaeaeaaeaeaeaeaeeeeeeeeeeeeeeeeeeee sesssss s anannnnnnnnnnnnnnnnnnnnnnnnnnnnnd dddddddddddddddddddddddddddddddd coccccococococoooooooolininnniiniinnnnnnnnnnnnnnnnnnggggggggggggg gggggggggggggggggg ococococococccccocccccoccccucucucucuucucucucucucucucucucucccucccccuccuccuucccuccurrrrrrrrrrrrrrrrrrrrrrrrrrrs.sssssssssssss

1111111111111111111111111111

5aaaaaaaaaaaaaaaaaaa GaGGaGaGaGaGaGaGGaGaGaGaGaGGaaaGaGaGaGaGaaGGGGGaaaGGaaGaGaaaaGaaaGaaGaG sssssssssss sssssssss ssssss A

PPPPPB +++++ (0.08)(136363663636636336363636363636363636363363363636636336636363663666336 0000000000000000000000000000000000000000000000000000000000000000000000000000000)()()()()()()()()()()()()()()()))()())()()(()()()()())()))(()((((()((((() 1010101010110101010101001000100101010001010101010101011101000101111 ) = 122221212212212122220000000000000000000000000000 000 00000 000 00000000 00000000

= 1.1.111.111111.111111.099090090999099999 xxxxxx 111100000000000000000000000000000000000000555555555555555555555555555555 Pa ooooooooooooooooooooooooooooor rr r r rrrr rr rrr rrrrrrrrrrrrrrr 11111.1111111111111111111111111 1 x 1055555555555555555 P
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8a Total resistance = 10 + 10 + (1/5.0+1/20)-1

 
1

1 
8b I = V/R 

= 0.50 A 
1 
1 

Allow ecf 
from 8a

8c The thermistor has a low resistance when hot, hence 
causing the potential difference and current across the bulb 
to increase.

Since P = VI and both pd and current increase, the
brightness of the bulb also increases. 

1

1 ncreaeaeaeaeaeaeaeaeaeaeaeaaeaeaeaeaeeeaae sesesesesessessesesseseseseeseseee, the
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Section B [30 marks]

9a The polystyrene cup is likely to be a poorer conductor of 
heat compared to the paper cup. 

1

9bi At time = 12 min, the temperature of the tea when placed 
in cups with lids (51 oC in paper cup and 61 oC in 
polystyrene cup) is higher than that without lids (48 oC in 
paper cup and 57 oC in polystyrene cup). 

1 Need to 
cite data 
from the 
table

9bii The lid is a poor conductor of heat, thus reduces heat loss 
via conduction. 

The lid prevents hot air from escaping upwards, thus 
reduces heat loss via convection current. 

The lid increases the humidity of the air above the tea / 
prevent removal of the saturated air, thus reduces the 
rate of evaporation. 

1

1 

1 

9biii The company has to spend more money / having a lid 
creates more waste and thus less environmentally 
friendly. 

1

9c It is more effective to choose the right material. 

The material will cause a temperature difference of 9-
10°C, while the lid will only cause a difference of 1-3°C. 

1

1 

9d The claim is not valid. 

Since the tea is hotter than the surroundings, black 
surfaces are good emitters of infra-red radiation, and thus 
lose heat faster.

1

1 

10ai 3.0 x 108 m/s 1

10aii             v = f
3.0 x 108 = (4.3 x 1014)(  )                = 6.98 x 10-7 m

1 
1 

10b     n = sin i / sin r

      i

     – 

1 

1 

v = fffffffffffffff
(4.3 x 10

upwardrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdds, thuhuhuhuhuhuhuhuhuhuhuhuhuhuhuhuuhhhuhuuhhus 
t.

the air abaabaababababababaababaaaaabaa ovovoovoovovovoveeee e eeeeeeeeeeeeeeee ttttthttttttttttttt e teteteteteeteteeteteteteteteteteteteteteeaaaaaaaaaaaaa aaaaaaaaaa / // /////// / ///////////
ted air, ththththththththhhhhhhhhhhususuususuusuusususuusuuuuususuuusususuusuuuusususususususussuussssssssssss rrrrrrrrrrrrrredeeeedddddeddddddddddeddeddddddddddddduucuuuuu esssssssssssss tttttttttttttttthehheheehhehehehhehehehehehe 

1

1

spend mmmmmororororororeeeeee moooooooooooooooooooooooooonnenenenenenennneneneeeeeeeeeeneneneeeneneeeneeeneneneeneeeneneneeenneeeneneneeeeeeneeeeeeeeeeeeeyyyyyyyyyyyyyyyy yyyy /// haviiviviviviviviviviviviviviviviviivivivivinggggggggggggggggggggggg a lididididdididididididididididdiddidididididddd 
ste aaaaaaaandnnnnn  thus ssss leleleleleleleeeeeeeeeeeeeeeeeeeess environnnnnnnnnnnnnnnnnnnnmememememememememememememememememememememeemeentnnn allyyyyyyyyyyyyyyy 

111

re effffffffffffffffffffffffffffffffffffffffececccceccccececcccecceccecccccccccccecctittitititttitittttittttttiiiititittiiitttiveveveveeveeveveveveveveeveeveveveveeveveveveeeveveeevevevevevvevvvvvvvvvv tttttttttttttttttttttttttttoooooooooooooooooooooooooooooooooo o ccchcccccccccccccccccccccccccccccccccccccc oose ttttttttttttttttttttttttttttttttthehehehehheheheheheeheheheheheheheehehhehehehehehhehheheheheheheeheeheee rrrrrrrrrrigigigigigiggigiggiggigggigi ht mmmmmmmmmmmmmmmmmmmmmmmatatatatatataatatatataatataatatatatatatatttttaaatereeeeeeeeeeeeeeeeeeeeeeee ial.......... 

matetteteteteettetetettetetetetetteteteteteeteeeeeeririiriiiiiiiiiriiiiialalalalaalalaalalaaalaaaaalaaaaaaaaaaalaaalaaaaaaaaaaa wwwwwwwwwwwwwwwwwwwwwwwwwwwwwililililiiiliiiiliililiiilliliililllllllllllllllllllll caaaaaaaaaaaaaaaaaususususususususuususuuuususususususuuususususuuusuusssssssssseeeeee aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa tempmpmpmpmpereerererererereeeeererereerereereeeereeeerrrrerrrattattttattattatatattttttatttatattttattatattuuuuuuruuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu e diiiiiiiiiiiiiifffffffffffffffffffffffffffffffffffffffffffffffererererererererererererrererererererererereereerereeeeere eeeeeeneeeeeeeeeeee ceeeeeeeeeeeeeeeeeeeeeeeeeeee ooooooooooooooooooooooooooooooooofffff ffffffffffffffffff 9
10°CCCCCCCCCCCCCCCCCCCCC, whillllllllllllllllllllle eeeeeeeeeeeeeeeeeeeeee thtttttttttttttttttttttttttttttttt eeeeee lililiiiiiidddddddddddddddddddddddddddddd wiwiiwiwiwiwiwiiwiwwiiiiiwiwww lllllllllllllllllllllllllllll  onnnnnnnnnnnnnnnnnnnnnnnnnnlylylylyllllylylylylyyyyyyyyylyyyyyyyyyyyy cccccccccccccccccccccccccccccccauauauauauauauuauauauauuauuauauauauauauauuauuaaaauauuaauaauuuuuauuuuuuuuuuseseseseseseseessesssesssessessessesesesesseeeseessssss aaaaaaaaa ddddddddddddddifffeeefefefefefeffefefefefefefefefeefeffefeeferererererererererererererereereerereereerererererennnncnnnnncnnnnnnnnnnnnnnnnnnnn e ofofofofofoffofofofooooooooooofofooooooo 111111111111111111111-3

11111111111111111111
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1
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10ci

Blue light bends towards normal more than red light in 
glass, [1]
and bends away from normal more in air. [1]

1m for each 
correct 
drawing of 
light ray with 
arrow

No marks 
for no 
arrows on 
light rays

10cii 1. Black surfaces are good absorbers of infra-red 
radiation. 

Hence, thermal energy can be transferred at a faster 
rate/more quickly through the bulb of the thermometer. 

2. 

X is marked above red light on the screen.

1

1 

1 

11 Either

ai The rod moves to the right.

The magnetic field of the current flowing along AB 
interacts with the magnetic field to create a force to move 
the rod to the right.

1

1 

aii The effective resistance of the circuit decreases and thus 
the current increases.  

The rod moves faster to the right due to increase in the 
force exerted on it. 

1

1 

X

X XXXXXXXXX isisisisisisis mararaaaa keeeeeeeedddddddddddddddddddddddddddddddddddddddd aaaaabababababaaaabaabaaaaabaaaaaaabaaaaaaaaaaaaaaaaaaaaaaaaaa ovovovovovovovovovovovovovovovvovovovovooovovvovoovovovovoovovoooovoovvoovovvooovvvvovovvoovoovvoovovvvvvvvovvvvvovovovovooooooveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee redd lilililililiiilililililililililliighghghghghghghghhghghghghghghghgggggg t ttttttttttttt onnnnnnnnnnnnnn tttttttttttttttttttttttttheheheheeheheheheheheehehhehehehehehheheheh s

herr

moveveveveees to the r

f

igh

]
ligh
ararararararrow

absorbererererererererererererererererererrs ssssssssssssssssss s oooooofofoooooooooofof iinfraaaaaaaaaaaaaaa- erererereredddddd
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Page 9 of 10

aiii The rod moves to the left.

As the current is reversed, by Fleming’s left hand rule, 
the rod experience a force that causes it to move in the 
opposite direction.

1

1 

bi When the driving wheel rotates, it causes the magnet to 
rotate inside the soft iron core which creates a constant 
change/cutting of magnetic flux linkages.

The rate at which the magnetic field changes is directly 
proportional to the induced emf (by Faraday’s law) across 
the output terminals.

The output voltage alternates due to the change in 
direction of the magnetic field when the magnet rotates.

1

1 

1 

bii 1

11 OR

ai The induced e.m.f in coil B is due to a change in the 
magnetic flux linkage created by coil A on coil B.

Thus there will be a deflection on the millivoltmeter. 

When the current is steady, there is no change in 
magnetic flux linkage between the two coils although 
there is magnetic flux linkage between the 2 coils. Zero 
change results in no emf induced (based on Faraday’s 
law of electromagnetic induction). 

1

1 

1 

aii Direction of current in the outer coil of B is to the right. 1

aiii By Lenz’s Law, the induced current must be in such a 
direction as to oppose the change in magnetic flux in coil 
B.

The induced current thus produces a North pole at the 
end of coil B that is facing coil A to oppose the weakening 
or moving away south pole at the bottom of coil A.. 

1

1 

s direct
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Page 10 of 10

bi P=VI
IS = 24/12 = 2.0 A 

IP/IS = VS/VP

IP = (12/16) x 2.0 
   = 1.5 A 

1 

1 

bii Input Power = IV 
                    = 1.7 x 16 
                    = 27.2 W 1 

Working 
and final 
ans = 1 m

biii Lost power = 27.2 – 24
                   = 3.2 W 1 

Working 
and final 
ans = 1 m

1
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1 A student is given a reel of wire of diameter less than 0.2 mm and is asked to find the 
density of the metal.  

Which pair of instruments would be most suitable for finding the volume of the wire? 

A Balance and micrometer 
B Metre rule and micrometer 
C Metre rule and vernier calipers 
D Micrometer and vernier calipers 

2 The diameter of a solid metal sphere is measured using a micrometer screw gauge. 
The diagram shows an enlargement of the shaft of the micrometer screw gauge when 
taking the measurement.  

The mass of the sphere is 0.450 g.  

What is the density of the metal used to make the sphere? 

A 965 kg m–3 
B 1340 kg m–3 
C 7720 kg m–3 
D 10 700 kg m–3

3 4 40 

30 

20 
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3 Paths are laid as shown between points X, Y and Z.  
 
 
 
 
 
 
 
A person walks along the paths from X to Y to Z and then back to X.  
  
What is the value of the total displacement and of the total distance travelled? 
 

   total displacement / m total distance travelled / m 

 A  0 0 

 B  0 30 

 C  30 0 

 D  30 30 

 
4 Two tugs are towing an oil rig as shown 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The tensions in the towing cables are 4.0 kN and 5.0 kN.  
  
What is the total force acting on the rig due to the cables, in the direction to the east? 
 

 A 3.1 kN 
 B 5.2 kN 

C 7.0 kN 
 D 8.3 Kn 

oil rig 

20 

50 

east 

tug 

tug 

4.0  kN 

5.0  kN 

  

X 

Y 

Z 

5.0  m 12.0  m 

13.0  m   
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5 A car accelerates uniformly from velocity u to velocity v in time t.  
 
 
 
 
 
 
 
 
 
 
 
 
 
On the graph, which area equals the distance travelled by the car in time t ?  

 A NPTU + PQST  
 B NPWV + VRSU  
 C NPWV + WRST  
 D PST + PQS  

 
6 A raindrop falls vertically from rest in air. The variation with time of the speed of the 

raindrop is shown in the graph.  
 
 
 
 
 
 
 
 
 
 
Which statement about the raindrop is correct?  

 A At point X, the raindrop has an acceleration of 10 m s–2.  
 B At point Z, the force on the raindrop due to air resistance has reached its 

maximum value and so the acceleration of the raindrop has also reached its 
maximum value.  

 C At point Z, the force due to air resistance is equal and opposite to the weight of 
the raindrop and so the speed of the raindrop is zero.  

 D The resultant force on the raindrop at point Y is less than the resultant force on 
the raindrop at point X.  
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7 A sphere is released and falls. Its initial acceleration decreases until it eventually begins to 
travel at constant terminal velocity. Which displacement-time graph best represents the motion 
of the sphere?  
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8 The acceleration of free fall on the Moon is 1.6 m s–2. The Moon has no atmosphere. An 
astronaut standing on the surface of the Moon drops a feather.  
  
Which graph shows the variation with time of the speed of the feather during the first 
second of its fall?  
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9 A car travels along a straight horizontal road. The graph shows the variation of the velocity 

v of the car with time t for 6.0 s of its journey.  
 

 The brakes of the car are applied from t = 1.0 s to t = 4.0 s.  
  
How far does the car travel while the brakes are applied?  

 A 21 m 
 B 45 m 
 C 67 m 
 D 83 m 
 
 
10 

 
 
A submarine descends vertically at constant velocity. The three forces acting on the 
submarine are drag, upthrust and weight as shown in the diagram below.  
 
                                                Drag, D                        upthrust, U 
 
 
 
 
 
                                                        
 
 
Which relationship between their magnitudes is correct? 

  
A 

 

W  D + U 
 B W > D + U 
 C W = D + U 
 D W < D + U 

 

Weight, W 
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11 A U-tube containing water is used as a manometer.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When one end of the manometer is connected to a low-pressure chamber, both 
water levels in the manometer change by 20 cm. The gravitational field strength g is 
10 N / kg.  
  
The density of water is 1000 kg / m3.  
  
How far below atmospheric pressure is the pressure in this chamber?  

 

 A 2000 Pa 
 B 4000 Pa 
 C 200000 Pa 
 D 400000 Pa 
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12 

 
 
Five blocks have the same mass but different base areas. They all rest on a horizontal table.  
 
 
 
 
 
 
 
 
 
 
 
A graph is plotted to show the relationship between the pressure exerted on the table and the 
base area of the block.  
 
Which graph shows this relationship?  
 

 
 
13 

 
The diagram shows a muscle and bones in a person’s arm. The hand holds a load of 
weight 40 N. The elbow acts as a pivot and the tension in the muscle keeps the lower 
part of the arm horizontal.  
  
 
 
 
 
 
 
 
 
 
 
 
What is the tension in the muscle due to the load? 

 A 200 N 
 B 240 N 
 C 280 N 
 D 1400 N 
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14 A uniform solid block has weight 500 N, width 0.4 m and height 0.6 m. The block rests 
on the edge of a step of depth 0.8 m, as shown.  
 
 
 
 
 
 
 
 
 
 
 
 
The block is knocked over the edge of the step and rotates through 90° before 
coming to rest with the 0.6 m edge horizontal.  
  
What is the change in gravitational potential energy of the block? 
 

 A 300 J 
 B 400 J 
 C 450 J 
 D 550 J 

 
 

15 A student can run or walk up the stairs to her classroom.  
  
Which statement describes the power required and the gravitational potential energy 
gained while running up the stairs compared to walking up them?  

 

 A Running provides more gravitational potential energy and uses more power.  
 B Running provides more gravitational potential energy and uses the same 

power.  
 C Running provides the same gravitational potential energy and uses more 

power.  
 D Running provides the same gravitational potential energy and uses the same 

power 
 
 
 
 

0.8  m 

0.6  m 

0.4  m 

0.4  m 
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16 The diagram shows a hydroelectric power station.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The reservoir is 300 m above the level of the turbine and is linked to it by a pipe. 
  
Water from a reservoir is fed to the turbine of a hydroelectric system at a rate of  
500 kg s–1. The electrical output from the generator driven by the turbine is 200 A at a 
potential difference of 6000 V.  
 
What is the efficiency of the generator ? 
 

 A 8.0 % 
 B 8.2% 
 C 80% 
 D 82% 

 
17 What happens when a solid is heated and expands?  

 

A The molecules do not change size and the spaces between the molecules 
become larger.  

B The molecules expand and the spaces between the molecules become larger.  

C The molecules expand and the spaces between the molecules become smaller.  

D The molecules expand and the spaces between the molecules do not change 
size.  

 
 
 
 
 
 

 

turbine house 

reservoir 

  

300 m 
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18 Some of the liquid in a dish evaporates, as shown in the diagrams. 

 
 
 
 
                            before evaporation                           after evaporation   
  
Which molecules leave the liquid and which molecules in the liquid have greater 
average kinetic energy?  
 

   molecules that leave have molecules in the liquid have greater 
average kinetic energy 

 A  high energy before evaporation 

 B  high energy after evaporation 

 C  low energy before evaporation 

 D  low energy after evaporation 

 
 

19 An electric shower takes in cold water at 17 °C. The shower gives 6000 J of energy 
every second to the cold water and heats it to 37 °C. The specific heat capacity of 
water is 4200 J / (kg °C).  
 
What is the mass of hot water supplied by the shower in one second?  

 A 0.035 kg 
 B 0.039 kg 
 C 0.071 kg 
 D 0.084 kg 

 
 

20 Latent heat of vaporisation is 

 A the energy required to make molecules expand  

 B the energy required to make molecules expand and move apart  

 C the energy required to make molecules move apart  

 D the energy required to make molecules move faster  
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21 A ray of light in a transparent medium of refractive index 1.8 is incident on the 
surface as shown. The light then enters air.  
 
 
 

 

 

 

 

What is the angle between the refracted ray and the normal in air?  

 A 29o 
 B 33o 
 C 54o 
 D 64o 

 
22 A plastic tube is immersed in a liquid of refractive index 1.4. Light travelling in the 

plastic tube strikes the inside surface at an angle of incidence of 70°. The light 
undergoes total internal reflection.  
 
 
 
 
 
 
 
 
 
What describes the values of the critical angle in the plastic and the refractive index 
of the plastic?  
 

 critical angle in plastic  refractive index of 
plastic 

A greater than 70°  greater than 1.4  

B greater than 70°  less than 1.4  

C less than 70°  greater than 1.4  

D less than 70°  less than 1.4  

   

light 
reflected ray 70 0  

plastic tube 

liquid of refractive 
index 1.4 

  

30 

60 

air 

medium 
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23 An object is viewed through a converging lens.  
The diagram shows the paths of two rays from the top of the object to an eye.  
 
 

 
 
How does the image compare with the object?  

 A It is larger and inverted.  

 B It is larger and upright.  

 C It is smaller and inverted.  

 D It is smaller and upright.  

 
 

24 Which equation is used to define resistance?  

 

 A energy = (current)2 × resistance × time   
 B potential difference = current × resistance  
 C power = (current)2 × resistance  
 D resistivity = resistance × area ÷ length  

 
 
 
 
 
 
 
 
 
 
 
 

object 

thin lens 

eye 
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25 Diagram 1 is a circuit for a lighting up a lamp installed on a staircase. 

 
 
 

 
 
During repairs, an electrician mistakenly reverses the connections X1 and Z1, so 
that Z1 is connected to the supply and X1 to the other switch at Z2, as shown in 
diagram 2.  
 

 
 
Which switch positions will now light the lamp?  
 

A X1 to Y1 X2 to Y2 

B X1 to Y1 X2 to Z2 

C X1 to Z1 X2 to Y2 

D X1 to Z1 X2 to Z2 
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26 

 
The circuit diagram shows a variable resistor connected in parallel to the lower half 
of a potential divider consisting of two resistors. All three resistors have the same 
resistance. 
 
 
 
 
 
 
 
 
 
 
The resistance of the variable resistor is now increase.  
  
What happens to the two voltmeter readings?  
 

 V1 V2 
 

A decreases decreases 
B decreases  increases 
C increases  decreases 
D increases increases 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V 

V 

V V2 

V V1 
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27 In the circuit shown, the temperature of the room and the amount of light affect the 

current.  
 
 
 
 
 
 
 
 
Under which conditions is the current in the circuit the largest? 
 

 Temperature Amount of light 

A High In bright light 
B High In the dark 
C Low In bright light  
D Low  In the dark 
   

 
 

28 An electrical appliance is plugged into a socket in the wall. The plug contains a fuse.  
 
What is the main purpose of the fuse?  

 
 A to earth the appliance  
 B to earth the plug  
 C to protect the user from electric shock  
 D to protect the wiring from overheating  
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

thermisto r 

LDR 
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29 

 

A positively-charged plastic rod is placed just above a thick metal plate. The metal 
plate rests on an insulator and is connected to the earth by a wire.  

 

A student disconnects the earthing wire and then removes the positively charged 
rod. The experiment is repeated. This time the student removes the positively 
charged rod and then removes the earthing wire.  

Which statement is correct? 

 

 A When the earthing wire is disconnected first, the metal plate becomes 
positively charged.  

 B When the earthing wire is disconnected first, the metal plate becomes 
negatively charged.  

 C When the plastic rod is removed first, the metal plate becomes positively 
charged.  

 D When the plastic rod is removed first, the metal plate becomes negatively 
charged.  

 
 
 

30 A positively charged insulated metal sphere is brought close to an uncharged insulated 
metal sphere.  
  

  
  
Which diagram shows the charge distribution on the spheres?  
 

 
 

uncharged sphere  positively charged 
sphere 
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31 Which diagram represents the electric field line pattern due to a combination of two 

positive charges?  
 

 
 

32 Each diagram shows a cross-section through two parallel conductors, each carrying 
an  electric current.  
  
In the conductor on the left, the current is into the page; on the right, it is out of the 
page.   
 
Which diagram shows the directions of the forces on the two conductors?  
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33 Two medical examinations P and Q carried out in hospitals use different types of 

waves. The pictures, X and Y, obtained from these two examinations are also shown 
 

           

                                
                        
                              
 
Which combination used in these two medical examinations is correct ? 
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34 A loudspeaker and a microphone are placed in front of a wall.  

 
 
 
 
 
 
 
The loudspeaker makes a sound which is detected by the microphone.  
  
The microphone is connected to an oscilloscope which is set so that each division on 
the screen represents 0.01 s. The microphone detects the original sound and the 
echo.  

 
The speed of sound in air is 300 m / s.  
  
What is the distance between the loudspeaker and the wall? 
 

A 6.0 m 
B 12 m  
C 24 m 
D 48 m 

 
 
 
 
 
 
 

echo 

sound 

display on oscilloscope 

one division 
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35 Which statement about a water wave is correct?  

 A The amplitude is the vertical distance between a trough and a peak.  

 B The frequency is the number of troughs passing a point in one second added to 

the number of peaks passing a point in one second.  

 C The speed is the horizontal distance travelled per second by a peak.  

 D The wavelength is the horizontal distance between a trough and a peak 

 
 

36 The diagram illustrates the position of particles of a sound wave at one instant in time. 
 

 
 
The speed of the wave is V. P and Q are two points in the wave a distance L apart.  
  
What is an expression for the frequency of the wave?  

 
 A V / 2L 
 B V / L 
 C 2V / L 
 D L / V 
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37 An electric current in a wire is into the page. Which diagram shows the shape and direction 

of the magnetic field around the wire? 

 
38 A negatively-charged particle enters a uniform field. 

Which diagram represents the path of the particle in the magnetic field ? 
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39 The diagram shows a transformer which is assumed to be 100% efficient. The ratio of the 

secondary turns to the primary turns is 1: 20. 

 
A 240 V a.c. supply is connected to the  primary coil and a 6.0   resistor is connected to 
the secondary coil. 
What is the current in the primary coil ?  
 

 A 0.10 A 
 B 0.14 A 
 C 2.0 A 
 D 40 A 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.0  240 V 
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40 The graph shows the output of an a.c. generator. The coil in the generator rotates 20 times 
in one second.  
  

 
  
 The speed of rotation of the coil steadily increases.  
  
 Which graph best shows how the output changes 
 
 

 
 

 
END OF PAPER 

+1   

0   

–1  

0   

output 
p.d.  / V 

time  / s 0.05   0.10   
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SECTION A 

Answer all the questions in this section. 

1  Fig. 1.1 shows two engineers measuring the length of a wall made from concrete.  

   

 

Fig. 1.1 (not to scale) 

 

 

  The wall is 2.0 m high, 15.0 m long and 0.25 m thick. The mass of the wall is  
18 000 kg. 
 

 

 (a) The engineers measure the length of the wall in one single measurement.  
State the name of the measuring instrument they use. 

 

   
……………………………………………………………….. 

 
[1] 

  
(b) 
 

 
The engineers state that the density of the concrete affects the pressure exerted 
by the wall on the ground but that the length of the wall does not affect this pressure.  
 

 

  (i)  Calculate the average density of the concrete.  
 
 
 
 
 
 

Average density = ……………….. 

 
 
 
 
 
 
 
[2] 

    

  (ii)  Calculate the average pressure exerted by the wall on the ground.  
 
 
 
 
 
 

Average pressure = …………….. 

 
 
 
 
 
 
 
[2] 
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(iii)     Without further calculation, explain why doubling the length of the wall does  

   not change the pressure that the wall exerts on the ground.  
 
    ………………………………………………………………….………………………. 
 
    ………………………………………………………………………………………….. 
 
   ………………………………………………………………………………………...... 
  

 
                                                       

 

 

 

 

 

[1] 

  [ Total : 6 m ]  
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2 Fig. 2.1 shows a cricket ball as it comes into contact with a cricket bat. 
 

 

Fig. 2.1 
 

 

 The cricket ball has a mass of 0.16 kg and it hits the bat with a speed of 25 m / s. After 
being in contact with the bat for 0.0013 s, the ball rebounds with a speed of 22 m / s in the 
direction exactly opposite to its original direction. 

 

 (a) State the difference between speed and velocity. 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………. 
 

 
 
 
 
 
 
[2] 

 (b) Calculate  
 
(i) the change in velocity of the cricket ball,  
 
 
 
 
 
 
                                                                                        Velocity change = ………………… 
 
(ii) the average acceleration of the ball whilst it is contact with the bat, 
 
 
 
 
 
 
 
 

Acceleration = …………..
 

 
 
 
 
 
 
 
 
 
[1] 
 
 
 
 
 
 
 
 
 
 
[2]
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(iii) the average force exerted on the ball by the bat. 
 
 
 
 
 
 

Force = ……………… 

 
 
 
 
 
 
 
 
 
[2] 

   
[ Total : 7 m ] 
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3 (a) Explain what is meant by centre of gravity. 

......................................................................................................................................... 

.........................................................................................................................................  

 
 
 
 
[1] 

 (b) A student is being weighed. The student, of weight W, stands 0.30 m from end A of a 
uniform plank AB, as shown in Fig. 3.1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  The plank has weight 80 N and length 2.0 m. A pivot P supports the plank and is      
0.50 m from end A. A weight of 70 N is moved to balance the weight of the student. 
The plank is in equilibrium when the weight is 0.20 m from end B. 
 

 

  (i) Determine the weight W of the student. 
 
 
 
 

 
  
  

Weight = …………… 

 
 
 
 
 
 
 
 
[2] 
 
 

  (ii)  If only the 70 N weight is moved, there is a maximum weight of student that can be    
       determined using the arrangement shown in Fig. 3.1. State and explain one change  
       that can be made to increase this maximum weight. 
 
 
      .................................................................................................................................. 

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

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

 
 
 
 
 
 
 
 
 
[2] 
 
 

 

 

[Total : 5m] 

 

 

0.30  m 0.20  m 

0.50  m 
2.0  m 

80  N  N N70 

A 

W 

B 
P 

Fig. 3.1  (not to scale) 
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4 

 

Fig. 4.1 shows the variation in volume of ice when the temperature changes from -5oC to 
10oC. The mass of ice is 30 g. 

   

Fig. 4.1 

 

 (a) Describe how the density of the ice changes as its temperature increases from -5oC to 
0oC. 
 
…………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… 

 
 
 
 
 
 
 
 
 
[2] 

  
(b) 

 
Calculate the change in the density of ice at 0oC in g/cm3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Density = ………….. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 
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 (c) The volume of some ice cubes in a freezer decreases when they are left in the freezer 
for some time. This is because the ice changes from a solid to a vapour without 
becoming a liquid. 
 
Describe, in terms of molecules, how ice changes from solid to vapour. 
 
 
…………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 

  [ Total : 6 m ] 
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5 A student wishes to find out whether the energy from the radio waves emitted by mobile phones 
may affect a temperature rise in his brain. He first obtains the information from the mobile phone’s 
manufacturer shown in Fig. 5.1a.  

 

 

                                           Fig. 5.1a                                                           Fig. 5.1b 

 

 (a) The student switches on the phone for 6 minutes and places it next to a glass beaker 
containing 50 g of water (Fig. 5.1b). Calculate 

(i) the number of pulses of radio waves produced during the 6 minutes of call; 
 
 
 
 
 
 

Number of pulses = …………… [1] 
 

(ii) the total energy of the radio waves emitted during the phone call.  

 

   

 

 

 

                                                                                                        Total energy = …………   [1] 
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(iii) the maximum temperature rise produced in the 50 g of water if all the energy calculated 
in (ii) is absorbed by the water. The specific heat capacity of water is 4.2 Jg-1oC-1. 

 
 
 
 

 

Rise in temperature = …………….[2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) Explain why the temperature rise produced in the brain during a 6-minute phone call is 
different from the calculated temperature rise in the water. 
 
………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………  [1] 
. 

 
 
 
 
 
 
 

 (c) The phone is powered by a battery which provides a continuous input power of  
0.20 W . 
 
Calculate the fraction of the energy supplied by the battery that is converted into radio wave 
energy during the 6-minute phone call. Express your answer in decimals. 
 
 

 

 

 

 
                                                                                                                Fraction = …………  [2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   [ Total : 7 m ] 
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6 

 

Fig. 6.1a shows a barometer tube in which the mercury column is 760 mm high.   

 

  

                 Fig. 6.1a                                                      Fig. 6.1b 
 

 

 (a) Given that the density of mercury is 13.6 x 103 kgm-3, determine the atmospheric 
pressure. ( Take g = 10 Nkg-1 ) 
 
 
 
 
 
 

Atmospheric pressure = ……………..  
 

 
 
 
 
 
 
 
 
[2] 

 (b) Fig. 6.1(b) shows an upright barometer with a hole which was initially covered with a 
tape. 

 

    

  The tape is subsequently removed. State and explain what happens next. 

 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

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

 

 

 

 

 

 

 

 

 

[3] 

  [Total : 5 m] 

   

 

760 mm 760 mm 

hole 
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7  Fig. 7.1 below shows a circuit diagram. A1, A2, A3 and A4 are ammeters of negligible 
internal resistance. P, Q, R and S are resistance wires of the same material. Q is 
short and thick while R is long and thin when compared with P. K is a switch. 

 

   

 

 

 

 

 

 

 

Fig. 7.1 ( not drawn to scale) 

 

 

 

 

 

 

 

 

 

 (a) Identify 2 conductors that are arranged in parallel. 
 
…………………………………………………………………. 

 

[1] 

 (b) If the lengths of P and R are in the ratio of 3:4 and their cross-sectional areas are in 
the ratio of 2:1, calculate the ratio of the resistance of P to that of R. Express your 
answer as a decimal. 

 

 

 

 

 

Ratio = …………. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 
 

 (c) The readings of the ammeters A1, A2, A3 and A4 are a1, a2, a3 and a4 respectively.    

  (i) Explain which ammeter registers the highest reading when the switch is not  
closed. 
 
………………………………………………………………………….………………….. 
 
……………………………………………………………………………………………… 
 

(ii) Explain which ammeter registers the highest reading when the switch is closed. 
 
………………………………………………………………………….………………….. 
 
……………………………………………………………………………………………… 

 

 
 
 
 
 
[1] 
 
 
 
 
 
[1] 
 
 
 

A1 

A2 

A3 

A4 

S 

P 

Q 

R 

K 
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 (d) Which ammeter(s) would be ruined on closing switch K if the resistance S were 
absent?  Explain your answer.      
 
………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… 

 
 
 
 
 
 
 
 
 
[2] 

    
  [ Total : 7 m ] 
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8 Fig. 8.1 shows a trumpet producing a single note in front of a microphone  

  

 

 

Fig. 8.1 

 Fig. 8.2 shows the variation of the pressure with time of the air between the trumpet and 
the microphone. 

 

Fig. 8.2 

The air pressure when there is no sound is Pair. 

 

 (a) (i)  The same note is played again but is now louder. On Fig. 8.2, draw the graph to   
show the waveform of this louder note. 

[1] 

  

 

 

 

 

 

 

 

(ii) A new note of higher pitch but of the same loudness as the note produced in   
Fig. 8.1. Describe how the graph would be different compared to Fig. 8.2. 

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

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

 

 

 

 

 

 
 
 
 
 
[1] 
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(b) 

 

The note produced by the microphone is first converted into an electrical signal. This 
signal is then fed into a mixer, an amplifier and finally to speaker as shown in        
Fig. 8.3a. 

 . 
 

                                Fig. 8.3a                                                Fig. 8.3b 

 

         Fig. 8.3b shows the internal structure of a speaker. The speaker cone vibrates when  
        the electrical signal flows through the coil.        
 

 

  

 

 

 

 

 

Explain how the speaker cone vibrates when this electrical signal flows through the 
coil. 

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

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

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

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

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

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

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

 

 

 

 

 

 

 

 

[3] 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Permanent magnet 

Cone vibrates 

speaker cone Electrical signal 

Coil 

amplifier 

speaker 

mixer 

microphone 
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(c) 

 

The single note on a trumpet is then analysed using an oscilloscope. Fig. 8.4 shows the 
waveform displayed on the oscilloscope screen.  

 

 

Fig. 8.4 

(i) Given that the time-base is set at 200 ms / div, determine the frequency of the note 
produced by the trumpet. 
 
 
 
 
 
 

Frequency = ……………… [1] 
 

(ii) The time-base is now adjusted to 50 ms/div. Draw on Fig. 8.4 the appearance of the 
waveform after this adjustment.                                                                                  [1] 

                                                                                             

[ Total : 7 m] 
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SECTION B 

Answer all the questions in this section. 
Answer any one of the two alternative questions in Question 11. 

 

9 Fig. 9.1 shows a student doing a bungee jump from a bridge. The student has a mass of 
80 kg and he jumps from a bridge which is 85 m above the river. His legs are tied to an 
elastic rope which starts to stretch after 30 m of free fall. 

 

 

 

 

 

 

 
Fig. 9.2 below shows the values of gravitational potential energy, kinetic energy of the  
jumper, elastic potential energy stored in the elastic rope at various stages of jump,  
height of the man above the river, h and his speed, v.  

 
Fig. 9.2 

 

 The total distance of fall for the student before he stops for the first time is 75 m.  

28.1 26.5 

Fig. 9.1 

v / ms-1 

www.KiasuExamPaper.com 
431



18 
  

 (a) Show that the gravitational potential energy of the student at the bridge is 68.0 kJ. 
 
 
 
 
 
 
 

[1] 

 (b) Explain how the data from Fig. 9.2 shows that energy is conserved during the jump. 
 
………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

 
 
 
 
 
 
[1] 
 

 (c) Determine the values in Fig. 9.2 for h = 40 m. 
 
Kinetic energy = …………………..     Speed = ………………. 
 

 
 
[1] 

 (d) Describe the changes in the acceleration of the student when h = 60 m to     
h = 25 m.        
  
………………………………………………………………………………………………… 
 
………………………………………………………………………………………………… 
 
………………………………………………………………………………………………… 
 
………………………………………………………………………………………………… 
 
 
      

 
 
 
 
 
 
 
 
[2] 

 (e) With reference to Fig. 9.2, explain the variation in the resultant force acting on the  
student from h = 60 m to h = 25 m.   
 
……………………………………………………………………………………………… 
 
………………………………………………………………………………………………… 
 
………………………………………………………………………………………………… 
 
………………………………………………………………………………………………….
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
[2] 

www.KiasuExamPaper.com 
432



19 
 
 
 
 

 (f) Fig. 9.3 shows the different forces acting on the student at one point of the jump 
when h = 40 m.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                        Fig. 9.3a                                                          Fig. 9.3b 
 

 

  Explain the difference between the labelled forces in Fig. 9.3a and those in Fig. 
9.3b. 
 
………………………………………………………………………………………………… 
 
………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
[2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tension in rope 

Weight  

Tension exerted  
on leg by rope 

Force exerted 
by legs on rope 
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10(a) 

 

 

 

 

   (b) 

Distinguish between electromagnetic induction and magnetic induction. 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………  

A simple apparatus used to demonstrate electromagnetic induction is shown in Fig. 
10.1(a). 

 

 

 

 

[2] 

  

                      Fig. 10.1(a)                                         Fig. 10.1 (b)                    

 

 A student drops a magnet so that it falls vertically through the solenoid. Fig. 10.1(b) 
shows    the induced electromotive force ( induced e.m.f.) from the moment of dropping 
the magnet to its leaving the solenoid. 

 

 (i) By indicating the direction of the induced current in the solenoid, explain why there 
is a build-up of the induced e.m.f. from the time the magnet is released to just before 
it enters the solenoid. Explain also why the increase is non-uniform. 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
 

N 
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 (ii) When the magnet is half-way through the solenoid, the e.m.f. is zero. 

Explain why the induced e.m.f. drops to zero from the point when the magnet enters 
the coil to when it is half-way through the solenoid. 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

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

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
 
 

(c)  Fig. 10.3a shows a circuit breaker with the contacts closed. Fig.10.3b shows the 
same circuit breaker when a large current has passed through the circuit. 

 
 
 
 
 
 
 
 

    

   

Explain how the circuit breaker is able to switch off the current when a fault causes 
the current to become too large. 

 

………………………………………………………………………………………………… 

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

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

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

………………………………………………………………………………………………… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 

Fig. 10.3a                                                                Fig. 10.3b 
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EITHER 

11 Fig. 11.1 shows the formation of an image on a screen using a converging lens.  

   
  
  
 

Fig. 11.1 (not to scale)  
 

 

 (a) By drawing a ray parallel to the principal axis on Fig. 11.2 below, show clearly how the 
image of point A on the letter L is formed on the screen. Indicate on Fig. 11.2 the 
principal focus, F, of the lens.        

 
[2] 

 

 
Fig. 11.2 

 

 

 

 

(b) Describe the nature of image formed on the screen. 
 
……………………………………………………………………………………………………….. 
 

 

[1] 

   Optical centre   

Principal axis   

frosted glass   

A 

  

A A  

Principal axis 

www.KiasuExamPaper.com 
436



23 
 
 

 (c) A lens is used to focus a parallel beam of light to a point on a plastic rectangular disc. In 
order for this to occur, the plastic disc must be at the correct height. 

 

  

 
                      Fig. 11.3                                                                        Fig. 11.4 

 

      
Fig. 11.3 shows the side-view of the disc in the correct position, and Fig 11.4 shows the 
disc raised too high. Each drawing is drawn to scale and is 10 times larger than the true 
size of this set-up. 

 

  (i)  Define the focal length of a converging lens. 
 
………………………………………………………………………………………………….. 

 

[1] 

  (ii)  Estimate the focal length of the lens. 
 
 …………………………………………………………………………………………………. 
 

 
 
[1] 

  (iii) Describe what happens to the light as it enters the plastic disc.  
 
    
   ……………………………………………………………………………………………… 
 
   ……………………………………………………………………………………………… 

 

 
 
 
 
 
[2] 
 

  (iv) 1.   Complete Fig. 11.4 to show the rays of light inside the plastic disc. 
 
2.   Measure and state the diameter of the spot of light formed on the bottom of the   
      disc in Fig. 11.4. You should take account of the scale of the diagram. 
 
      Diameter = ………………………………………………………………………………… 

[1] 
 
 
 
 
[1] 
 

  (v) State one adjustment that may be made to the lens in Fig. 11.4 so that the rays meet 
at the point on the bottom of the disc. 
 
………………………………………………………………………………………………….. 

 
 
 
[1] 

10 x scale drawing 

Plastic disc 

www.KiasuExamPaper.com 
437



24 
   

 
 

OR 

11(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.5 shows an electric kettle connected to a 240 V mains supply by a flexible cable.  
The kettle has a power rating of 2500 W. 

 

 
 

Fig. 11.5 
 
 

The table shows the maximum current that may be carried by wires of various diameters. 
 

Wire diameter / mm Maximum current / A 
 

0.50 3 
0.75 6 
1.00 10 
1.25 13 
1.50 15 

 
(i) Show that the current in the cable when the kettle is in use is 10.4 A. State clearly any 

equation that you use.                                                                                                           [2] 
 
 
 
 
 
 
 
 
 
 
 

(ii) From the table select the smallest diameter of wire that can safely be used for this 
kettle. Explain why it is dangerous to use a wire thinner than the diameter you selected. 
 
……………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………. 
 
…………………………………………………………………………………………………….    [1] 
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(b)  
 
 

 

 

 

 

 

 

 

 
 

(iii) Describe one fault that may occur in the flexible cable that will cause the fuse in the 
plug to melt. 
 
……………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………. 
 
…………………………………………………………………………………………………….    [1] 
 

 
 

(iv)  Fig. 11.6 shows an electrical plug that is used to connect the kettle to the wall socket. 
 

Fig. 11.6 
 

Explain why the wiring in Fig .11.6 causes a hazard even when the switch of the kettle  
       is turned off. 

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

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

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

 
Fig. 11.7 shows a girl using a hair dryer. The hair dryer is double-insulated. 
 
 
 
 
 
 

 
 
 
 
 

Fig. 11.7 
 

(i) Explain what you understand by double-insulation. 
 
………………………………………………………………………………………………………… 
 

…………………………………………………………………………………………………………  [2] 
 
 
 

Neutral wire 
Earth wire 

Live wire 
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(ii) The hair dryer delivers a power of 1.25 kW energy.  

 
If the hair dryer is used for 45 mins per week and the kettle in (a) is used for 15 mins per day, 
calculate the cost of using both appliances in two weeks if 1 kWh of electricity costs  
40 cents. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Cost = …………….[3] 
   

 
 
 
 
 
 
 
 
 
 
 

  END OF PAPER  
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PAPER 2 SECTION A ( 50 marks) 

Qn Part Answer Mark Remarks  

1 (a) Measuring tape 

(b)(i) Average density = 18000 kg / ( 2.0 x 15.0 x 0.25 )m3 
  =  2400 kgm-3 

(ii) Average pressure = ( 18000 x 10 )N / (0.25 x 15)m2 
    =  4.8 x 106 Nm-2 

(iii) Doubling the length doubles the volume. Since density 
is constant, mass/weight is doubled. Since area is also 
doubled, pressure remains unchanged  

2 (a) Speed is rate of change of distance while velocity is the 
rate of change of displacement. 
 Since displacement is a vector, velocity has a direction 
and magnitude while speed is a scalar 

(b)(i) Velocity change = (+25m/s)-(-22m/s) 
   = +47 m/s 

(ii) Average acceleration = (+47m/s)/0.0013 s 
     = +3.6 x 104 ms-2 

(iii) Average force      F      =  ma 
     =  0.16 kg x [+3.6 x 104 ]ms-2 
     =  + 5.8 x 103 N 

3 (a) A point where the whole weight of the body appears to 
act regardless of the body’s orientation 

(b)(i) Applying principle of moments, 
   W x 0.2m  =  80 N x 0.5 m +70 N x 1.3 m 

       = 40 Nm + 91 Nm 
         W     = 655 N 

(iii) Either :
Move the 70 N weight to the right until the CG of the 
weight is directly above B. Reason :  the weight of the 
stationary student must be the maximum to produce 
the corresponding anticlockwise moment to keep the 
plank in equilibrium.
OR :
Move the pivot to the left . Reason: This creates a 
greater clockwise moment . To keep the plank in 
equilibrium, the weight of the student will need to 
increase.  

4 (a) Density of ice decreases as the temperature
increases from – 5oC to 0oC 
At 0oC, the density increases (when its volume 
decreases) from 33 cm3 to 30 cm3. 

(b) Density of ice at volume 33 cm3 = (30/33) gcm-3 
           = 0.91 gcm-3 

Density of ice at volume 30 cm3 = (30/30) gcm-3 
           =  1.00 gcm-3 

Change in density                          =   (1.00 – 0.91) gcm-3 
    = 0.09 gcm-3 

nsity of ice d
ases fro

h

ty 
alssssssoooooo

elocity issssss tttttthehehehhh   

ity has aaaaaaaa dddddddddiriririririiririrecececececececececececccecccccccttttttitttttittttttttt on 
alar

2m/s)

+47mmmmmmmmmmmmmmmmmmmmmmm/s)/0.0.0.............0000000000000000000000000000000000000000000000000000000000000000000000000 113111111113131113131313131313131313333331111111111111 sssssssssssssssss
= +3.6.66666666666666666666666666666 x 11111111110000000004444 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmsssssssssssssssssssssssssssssssssssssssssssssssssss------2222222222222222222222222222222222222222222

      ======  ma
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MoMoMoMoMoMoMoMoMoMoMoMoMoMoveveveveveveveeeeev ttheheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 777777777777777777777777770 00000000000000000000000000000000000000000000000 N weeeeeeeigigiggigiigggigggggggiggggggiggigiggggggigigigiggggggigggigiggigigigigigigggigigiiiiiiigggghthththtthththththththththhthhhhhhthhhhhhhhhhhthhhhhhhhhhhhhhhhhhhttt ttttttttttttttttttoo oooooo oooo o o tht e right t t ttt unununuuuuuuuuuuuuuuuuuuuu titititititttiiiiill theeeeeeeeeee CGCGGGCGCGGCGGCGCGCGGGCGGCGCCGGCGGGGCGCG of
weigggggggggggghththththththhhhhhhh iiiiiiiiiiisss s s ssssss dididdidididddiddidddiddddddididdddddddddddidddddddddiddddddddddddddddd rer ctttttlylylyllylyyyylylylyyyyylyyyylylyylyyyyylylyylyylyyyylylyyyyyyylylyyylyyyylylllylllyyyyyyyy aaaaaaaaaaaaaaaaaaaaaaabbobobobobobbbbbbbbbbbbbbbbbbbbbbbb veveveeeeveveveveeee BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB. Reasassssssssssssssssononononononononononooononononoonononooonnn :: the e e eee weweweweweweiiiigiigh
stststtttsstststtstsststsstststssssssssssssssssstttssttattataata ioooonaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaryry stuudeddddedeeeeeddedeeeeeentntnnnnnnnnnnnnnnnnnnnnnn mmmmmmmmmmmmmmmmmmmmmmmmmmuuuuusuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu t beee ttttttttttttttttttttthehehehehehehehheheheheheheheheheeheheheheeh mmaxxxxxxxxxxxxxximimimimimimimimimimmmimmimimimimmi umumumuumumumumumumumuumumummuuumumummumumumu t
ththhththththththhhthtthhtththttththththhhhtthtthttththhhhhhhththththttththhthththhhhhhhhthhhhhhhhhtheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ccccccocococococcccccccccc rresssssssssssssssssssssspopopopppoppopopopooooopopoppppopooopppopooopopopoooppppoooppopoopppoppppppppppppppppppppppopopoppppppppp ndnnndndnddndndndndnnnnnnnnnnnnndnnnnnnnnnnnnnnnnnnnnnnnnn inininiiiiniiniiniinnnnniinnnnninnnnnnnnggggggggggggggggggggggggg aaaaaaanaaaaaaaaaaaaaaaaa ticlclllcllllclllclcllllocococococococococcocococcococococococococococckwkwkwkwkwkwkwkwkwkwkwkwkwkwkwkwkwkwkwkwkwwkwisi e momomomomomomommmmmmmmmmmmm memmmmmmmmmmmmmmm n
plana k ininnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeequququuuquuuuqquuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuiililililillllllililillllilllllllllllllllllllllilibibibbbbibibbbibibibibbibbbibbbbbbbibbbbbbbbbbbibbibibbbbbbbbbbbbbbbbbbbibiiiiiii ririiririririirriririiriiriririirriririrririrrirrrrrririirrrrrrrrrrrrr umu .
OROROROOORORORORORORRORRORRORRRORRRORRRRRORRORR :
MoMMoooMooMoMoMMoMooMoMoMooooovevvevvvvvveveveveveveve ttttheheheeheheheeeeheeeheheheeeheeheheeheheeeeeeheheeheheeheeeeeeheeeeeeeeeeeeeeeeheehehheeeheeeeheeheehehe ppivotttttttt tttttttttttttttttttto o oo o ooooooooo oo o oooooooo ththththththe left . RRRRRRea
grgrgrgrgrgrrrrreaeaeaeaeaeaeaeaeaeeaaaaaeaeaee teteteteteteteteteteteteeeteeetet rrrrrrrrrrr clockwkwkwwkwkwwwwkwkwwkwkwkwwkwwkwwwisisisisisisisissisisisisisisisisisiissisissi eeeeeeeeeeeeeeeeeee moment
equiuiuiuiuiiiiiiiiuiuiiiiiiiiuiiiiiiiiuu lllllibriuuuuuuum,m,m,m,m,m,m,mmm,m,,m,m,mm,m,mm,m,,m, ttttttttttttttttthhhhehehhhhhhhhhhhh  weight o

reasesesesee.....
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( c) Water molecules/particles at the surface of the ice
obtain sufficient (vibrational) kinetic energy to 
overcome the forces of attraction between each 
other and exist as free molecules. 
These water molecules must also have sufficient
(translational)  kinetic energy to escape into the
space above the ice and exists as free molecules.

5 (a)(i) Number of pulses = (6 x 60 s) / 0.00462 s – 1 
     =  77921 
     =  78000 

(ii) Total energy = 77921 x 0.00012 J 
 =   9.35 J 

(iii) From Q  = mc  
     9.35 J =  50 g x 4.2 Jg-1oC-1 x  

       = 0.045 oC 
(b) Energy absorbed by the skull resulted in less energy

transmitted to the brain
Nature of the fluid in the brain is different from
water. Thus the specific heat capacity differs.

(c) Input energy = 0.20 W x (60 x 6)s 
         =  72 J 

Fraction of energy converted into radio waves 
  = 9.35 J/72 J 
  = 0.13 

6 (a) Patm = 0.76 m x 13.6 x 10-3 kgm-3 x 10 Nkg-1 
 =  103360 Nm-2 
 =  100000 or 105 Nm-2 

(b) Since vertical height below mercury meniscus in
tube is less than 760mm, higher atmospheric
pressure forces air through the hole and bubbles
through the mercury upwards.
Air pressure in the space above meniscus increases
and pushes the mercury meniscus down slowly.
When the meniscus move past the hole, the
meniscus will go down quickly since the pressure
inside the tube is the same as Patm.

7 (a) P & Q ; Q & R ; P and R 

(b) Given that      and   

       
     = 

(c)(i) A1. The current in A1 is the sum of the currents in A2, A3 
and A4. 

(ii) A1/A3 . Current bypasses P, Q and R as the resistance of 
switch is very low. 

(d) A3 and A1 will be ruined. 
The closing of the switch and the absence of resistor S 
results in the bulk of the current passing through only 
ammeter A3 and A1 and bypassing P and R.  

8 (a)(i) Sinusoidal graph with no change in period but higher 
amplitude. 

(ii) Crests/troughs will be closer to each other. 

in less enenenenenenerererererergygygygygygy 

s differeneeneneneneneneneenenenneeeee tttt t tt t  frfrfrfrfrfrfrfrrrrromomomomomomomomommmmmmmmmmmmmm 
capacity ddddddddddddddddddifififififififfifififfifififififififffffiii fefefefefefefefefefefefefefefefefeffff rsrsrrsrsrsrsssssssssssssss.....
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ppppppprprprprprpppppppppppppppppprpppppppppppppppppppppppppppppppppppppppppppp eseseseseseseseseseesssesssssusususususuusuususs rererererererererrererererrrrreerererererrrrrererrerrrerererrererereeeerereeeereeeeeeeeeeeee ffffffforo ceeeeeeeeeessssssssssssssssssssssssssssssssssssssssssssssssssss aiaiaiaiiiiaiiiiiiaiiiiiiiiiiiiir rrrrrrr rrrrr rrr thththththththththththhthththththhthhhthththththhhththttttttthtttththttththttt rrrrororororororororororooooooorooororrrrrrrrrrrrrrrrrrr ughh ttttththhthhthththhhthhhhhhthhttt e eee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee hohoooooohohooohhoooooooooooooooooooooooooooooooooooooooooooooollelelllllllllllllllllllllelllllleeleeellllllelle and bububuubuuuuuubuuuububuuuuuuuubbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbllllelelelllllellel ss
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anaaaaaa d ppupupupupupuppupupppupupppppuppppuppppupppppppppppuppppppppppppppppppppppp ssshsssssssssssshsssssssssssssssssssssssssssssssssssssssssss es the mmmmmmmmmmmererereerererererererrrrerrrrrrrrrrrrrrrrerrrrrrrrrrrrrcucucuccucucucucucucccucucucuccuuucuuuuuucuuccurryr mmenee iscusuususuusuuuusu ddddddddddddddddddddddooooowooooooooooooo nnnnnnn slslslslslslowowowowowowlyllll
WhWhWhWhWhWhWhWhWhWhWhW ennnnnenennnnnnnnnnn tttthehhhhhehehehhehhhhhhehhhehhhhhehhehhhhhhhhhhehhhhhhhehehhhheeheeeeeeeeeeeeeeeee mennennnnnnnnnnnnnnnnnnnnnnnnisisissiississsississssssisisisisisisisssisissisissisissiissiiiiisissssssssssssscuccucccucuucucuccucucuucucuuucucuucuuuucuuuuuucccccccccccccc ssssssssssssss momomomomomomomomomomomoomommomm ve passsssssssst t ttttt tt t t tt tttttttt ththththththtththththththththththttttt e eee hoholeeeeeeeeeeeeeee,,,,,, thththththhhththhhhththhththhththe 
mememememememememeeeeeenininininiiiiiin sscscscsssssssccscssssssssss uus wwwwwwwwwwwwiliililililillilililililililillllllllillililllilillllilliillilliiliiliiiiliiiii llllllllllllllllllllllllllllllllllllllllll goggogoggogogogoggogogoogogogoogogoogooooggogggggggggogggggggggoo ddddddddowowowowowowwwwwwowwwwwwwwwwwwwwwwwwwwwwwowwwwowwwwwwwwwwn quicccccccccccccccccklklklklklklklkklklklklklklkkklklkkkkklk yyyyyyyyyyyyyyyyyyyyyyyyyy sissssssssssss ncnnn e eee eeeeeeee eee ee thththththththththththththththhthththtththtththt e eeeee eeeeeeeeeeee p
inininnnininnniniinniniiniiininininiiinnnnnnnninnnnnniiinnnnninnnnnnsissssssssssssss dededddddddddddddddddddd ttheheheheeeheheeeeeeeeeheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee tttttubbbbbbububbbbbbbbbbbbbbbubbbbubbbbbbe e eeeeeeee isissssssssss ttttttttttttttttttttttttttttttttttttttthehhh  sammmmmammmmeeeeeeeeee aaaaasaaaaaaaaa PPPPPPPPPatmtmatattmt ...

7 (a(a(a(a(a(a(a(a(a(a)))) PPPPPPPPPPPPPPPPPPPP PPPPPPPPPPPPPPPPPPPPPP &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& &&&&&&&&&&&&&&&&&&& QQQQQQQQ QQQQQQ ; Q Q QQQQQQQQQQQQQQQQQQ & & &&&& &&&&&&&& &&&&&&&&&&&&&&&&&&&&&&&&&&& &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& RRRRRRR R RRRR RRR RR R RRR RRRRR R RRRR RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; PPPPPP P P PPPPPPPPPP PPPPPPPPPPPP PPPPPPPP ananannnananannnnnaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa d R

(b)) GGGGGGGGGGGGGGGiGiGiGiGGGG veeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn thththhhhhhhhaataatatatatatatatattaatatatatataatatatttatttatatatatatattataaaatataattatattatttttaattatattattatttaattattatttttttaaat  and  

he cuurrent in A
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(b) The (sinusoidal) electrical signal/current from the
amplifier produces a changing magnetic field and in the
coil of wire .

This changing magnetic field interacts with the radial
magnetic field of the permanent magnet producing a
varying force of different magnitudes per cycle of the
signal and in different directions.

Since the coil is attached to the paper cone, the
changing force ( both in magnitude and direction ) will
oscillate the cone back and forth , thereby setting the
volume of air into oscillation.

(This oscillation of the air layers is the sound which was
played on the trumpet.)

(d)(i) Method 1 
fbase = 1/ ( 8 x 200 x 10-3 s) 
From     =  2 

   = 2 x  
    =  1.25 Hz 

(ii) Half-cycle drawn across 8 divisions of the same peak.

Method 2 

Tnote = 4 x 200 ms 
fnote =  1/ 4 x 200 x 10-3 s)   
        =  1.25 Hz 

he 

nd which wawawawawawassssss 

z
n acrorororororoooorooorrrrrrrrrrrrrr sssssssssssssssssssss 88 divisioiooooonsnnnnnn ooooooooooooooooooooooooooooooof f ffffffffffffffff the same peaaaaaaaaaaaaaaaaaaaaaakkkkk.k.kkkkkkkkkkkkkkkk

od 2

TnoteTT = 4 x 2020202020202020200000000000000000 0000000000000 0 000 0 0 0 msmmmmmmmsmmmmmmsmsmsmsmsmsmsmssssssss
fffffffffnoteff = 11111111111111111111/// //// / // / / / / / / / / / // / //////////////// 4 4444444444444 4 444 4 4 4 x xxxxxx x x xxx x x x x x x 2202020202222220202020202020202020202000000000000000000 0 0 0 0 xxxxxxxxxxxx x x x x 1111111000000010100000000000000000110000001100100110100000100000000000000---33333333333333333333 s)s)s)s)s)s) 

================= 1111111111111111111111111111111111111111111111111111.2.2222222222222222222.22.222222222222222222222.2222.2222222.2.222.222222222222222222222222222222222222222255555 5 55555555555555555555 55555 5 HzHzHHHHzHHHHHzzHzzzzHHzHHHHzHzHHHzHHHHzHHHHHHHHHHHHzHHHHHHHHHHzHHzHHzHHHHHHHHHzHHHHHHHHHHHHHzHzHHzHzHHzHHHHHHzHHHzHzz
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SECTION B (30 m) 

 Qn Part Answer 
9 (a) Gravitational PE = 80 kg x 10 Nkg-1 x 85 m 

  = 68000 J or 68 kJ 

(b) The sum of the kinetic, gravitational and elastic 
potential energy is always constant during the jump and 
is equal to 68kJ. 

(c) Kinetic 
Energy/kJ 

v / ms-1 

29.3 27.1 
(d) The bungee jump experiences decreasing

acceleration from h = 60 m to h = 40 m
Between 40 m to 20 m, he is experiencing increasing
deceleration. 

(e) Resultant force ( W – T ) between h = 60 m and h =
40 m, is decreasing downwards as the tension is
increasing
Resultant force between from h = 40 m to h =20 m is
increasing upwards as (T -W ) is increasing since the
tension in the rope is increasing

(f) In Fig. 9.3 a, the forces are all acting on the student and 
a thus free-body diagram forces. 
In Fig. 9.3 b, the two forces are action-reaction pair 
forces as they are acting on separate bodies. 

10 (a) Magnetic induction is the temporary transformation of 
a magnetic material into a magnet when it is placed in a 
magnetic field while electromagnetic induction is the 
production of an induced electromotive force (e.m.f.) by 
a changing magnetic flux linkage. 

(b)(i) There is a rate of change of magnetic flux linkage with
the solenoid as the N-pole of the magnet approaches
the coil.
As it is a closed circuit, an induced current thus flows
such as to produce a N-pole at the coil facing the
approaching N-pole.
As the magnet is accelerating under gravity, the rate 
of change of magnetic flux is increasing non-uniformly, 
thereby producing a non-uniform increase in the 
induced e.m.f. 

(ii) 
As the magnet enters the magnet, the induced emf and 
hence the direction of the induced current in the coil 
differs in direction and magnitude. 

The induced current in the coils at the bottom coils
flows in such a direction as to produce a N-pole at
the bottom coils and decreasing in magnitude.
As the S-pole recedes from the coils at the top, the
induced e.m.f. and hence the induced current flows
in the opposite direction to that at the bottom and
induces a N-pole at the top coils but increasing in
magnitude.
The two opposing currents cancel out when the
magnet reached the middle of the coil as the e.m.f.

he mmmmaagaaaa net enter
the directio

direct

ng increaeaeaeaeaeasisssss ngggggg

h = 60 mmmmmmmm aaaaaaaandndndndndndnddddndnddddddddd hhhhhhhhhhhhhhhhhhhh =
s as the tttttttttttttttttteneneneneneneneneneeeeeee sisisisissssisisisisiooononononononon iisssssssssss

from h = 440000000000 mmmmmmmmmmmmmmmmmmmmm tototttttotototototototototototoooo hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh =======2020202020202020202020202020202020202020202  m is 
(T -W ) is iiiiiiiinnnnnnnncncncncncncncncncncnccccccccrererrrererererereeeeeeeeasaaaaaaaaaaasasasasasassssssssiniiiininininininininininininnnnnnnggggggggggggggggggggg sisisssssssisisisiisisiisisisiiiinnnnnnncnnnnnnncncncncnccnnnnnnnncnnnnnnnncnnnnnnnnnnnncnncncccnccccnnnccccccccccccncccccccccceeeeeeeeeeeeeeeeeeee ththththththththththththththththththththhtheeeeeeeeeeeeeee ee ee

is incnccccccccccnccccccccccrerrrereeeeeeeeasaaaaaaaaa innnnnnnnnnnnnnnnnngggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg
ces are alallllllllll acaaaaaa titititititititititingnnnnnnnn  on nnnnn hhththhhhhhhhthhthhttthththththththttththttththhhhhhhhhhhhhhhhhhhhhhhhhhhthhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eeeeeeeeee e eeeeeeeeeeeee sssssstststststudenntt t ttttttttttttttttt anannnnnnnnnnnnnnnnnnnddddd dddddddddddddddd

y diaaaaaagggrgggrgrgrgrgrrrrgrgrgggggggggg aaamamaaaaaaa  forcees.s.
he tttwowo ffffffffforororoooooo ceceeeeeeees s sss are actititiiiitiititiiitiiiiiiiiitiiiiiiiiiiiiiiiiiiiiionononononnnnonononnonnononononnnnnonononnnnonnonnnonnoononnnonnnnnonnnnononnnonnnnon--reaction pairr r rrrrrrrrrrrrrrrrr
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11 OR 
(a)(i) From P = VI 

  I = 2500 W/240 V 
    = 10.4 A 

(ii) 1.25 mm. Thinner wire will result in a fire as the 
resistance is very high. 

(iii) Constant bending of the wire will result in the wires 
breaking the insulation. The live wire may touch the 
neutral wire /earth wire which will result in a large 
current bypassing the heating element and flows 
through the fuse , thereby melting it. 

(iv) When the power is switched off, the appliance is still 
live as the live wire is still connected to the appliance 
and is at a high potential. 

(b)(i) The electrical cables are insulated from the internal
components . 
The internal components are insulated from the 
external casing. 

(ii) Total power consumed in two weeks by hairdryer 
 = 1.25 kW x 2  x 0.75 h 
=  1.875 kWh 

Total power consumed by kettle in one week 
=  2.5 kW x 14 x 0.25 h 
=  8.75 kWh 

Total cost = (1.875 + 8.75 )kWh x $0.40 
   =  $4.25  

ce 

he interererererernannnnn l

ted fromomomommm tttttthehehehehehe 
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1  A micro-meter screw gauge is used to measure the diameter of a steel ball. 
 
Fig. 1.1 shows the reading on the micro-meter when it is closed without an object. Fig. 1.2 
shows the reading taken with the steel ball between the jaws. 
  
 
 
 
 
 
 
 
 
 
 
 
What is the diameter of the steel ball? 
 

 A 2.78 mm B 2.80 mm C  5.28 mm D 5.30 mm 
 
 
 
2 A car is at rest at a traffic light. When the traffic light turns green, the car driver steps on the 

accelerator.  The graph shows the variation of the acceleration with time of the car. The traffic 
light turns green at time = 0.  
 
 
 
 
 
 
 
 
Which graph represents the displacement-time graph of the car? 
 

 A B 
  

 
 
 
 
 
 
 
 

 

 C D 
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3 The diagram shows three forces acting on the centre of gravity G of a body which is initially 
at rest. The 30 N forces make an angle θ with the line GX. 
 
 
 
 
  
 

 
 
 
 
 
 
What is the motion of the body? 
 

 A It accelerates in the direction GX. 
 B It accelerates in the direction XG. 
 C It moves at constant speed in the direction GX. 
 D It moves at constant speed in the direction XG. 

 
 
 
 
 
4 There is a small air bubble in some water.  

 
The volume of the bubble is 2.37 x 10-8 m3. 
The density of air is 1.29 kg / m3. 
The density of water is 1000 kg / m3. 
The gravitational field strength is 10 N / kg. 
 
What is the weight of the air in the air bubble? 
 

 A 3.06 x 10-8 N 
 B 1.84 x 10-7 N 
 C 3.06 x 10-7 N 
 D 2.37 x 10-4 N 

 
 
 
 
  

G 
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X 

30 N 
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θ 
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5 Which of the following statements is true? 
 

 A Mass is the gravitational force acting on an object. 

 B The mass of an object is dependent on the gravitational field strength at that point. 

 C The reluctance of a body to change its state of rest or uniform motion is dependent on 
its mass. 

 D The unit for weight is kilogram. 

 
 
 
 
6 The diagram shows a balancing toy pivoted on a triangular stand. When the toy is tilted 

slightly, it remains stationary at the new position.  
 
Where is the centre of gravity of the balancing toy? 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
7 A beam is pivoted at one end. A force of 5.0 N is acting vertically upwards on it as shown. 

The beam is in equilibrium. 
 
 
 
 
 

 
 
                                    
 
 
 
What is the weight of the beam? 
 

 A 2.0 N B 3.0 N C 3.3 N D 5.0 N 
 
 
  

A 

B 

C 

D 
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5.0 N 
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8 The diagram shows a student lifting a box of weight 50 N from a low shelf to a high shelf.  
 
 
 
 

 
 
                                    
 
 
 
 
 
 
 
 
 
How much work is done by the student? 
 

 A 30 J B 60 J C 75 J D 90 J 
 
 
 
 
9 A 5.0 kg box that is initially at rest is pushed horizontally across a smooth floor. At a time of 

3.0 s, the speed of the box is 3.0 m / s. At a time of 5.0 s, the speed of the box is 7.0 m / s.  
 
 
What is the gain in kinetic energy from 3.0 s to 5.0 s? 
 

 A 20 J B 40 J C 100 J D 120 J 
 
 
 
 
10 The diagram shows an aluminium block with density of 2700 kg / m3 resting on one side.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What is the smallest pressure that it can exert on the floor? 
 

 A 1400 Pa B 5400 Pa C 27 000 Pa D 54 000 Pa 
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11 In the diagram, syringe X is connected to syringe Y through a connecting tube. Both syringes 
and the connecting tube are filled with water.  
 
The radius of the piston in syringe Y is twice the radius of the piston in syringe X. A force, F, 
is applied on the piston in syringe X. 
 
 
 
 
 
 
 
 
 
What is the force experienced by the piston in syringe Y? 
 

 A 0.25 F B 0.50 F C 2.0 F D 4.0 F 
 
 
 
 
12 The resistance of a copper wire when placed in water at 20 °C is 0.50 Ω. When the same 

wire is placed in a beaker of boiling water, its resistance is 2.1 Ω.  
 
What is the temperature when the resistance of the wire is 1.6 Ω? 
 

 A 45 °C B 55 °C C 65 °C D 75 °C 
 
 
 
 
13 Which of the following statements about temperature is true? 

 
 A Temperature is a form of energy. 
 B Temperature is a measure of the amount of heat within a body. 

 C Temperature is a measure of the degree of hotness or coldness of a body. 
 D Temperature will flow from a hotter region to a cooler region. 

 
 
14 Robert Boyle in 1662, states that the pressure P of a given quantity of gas varies inversely 

with its volume V at constant temperature.  
 
Which graph is correct? 
 
             A                                 B                                    C                                 D 
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15 A gas in a container is compressed to half its original volume at constant temperature.  
 
What effect does this have on the average speed of the molecules and the pressure they 
exert?  
 

 average speed of molecules pressure of gas 
 A decreases decreases 

B increases increases 

C remains constant decreases 

D remains constant increases 

 
 

 
16 A flask is filled with air and tightly capped at room temperature. The flask is then placed in 

melting ice.  
           
 
 
 
                        
 
 
 
 
 
 
 
 

 Which of the following is true about the pressure and the speed of air molecules in the flask? 
       
                       

  pressure speed of molecules  

 A decreases decreases  

 B decreases increases  
 C increases decreases  
 D increases increases  

 
 
 
17 Which statement correctly describes thermal energy transfer? 

 
 A Conduction is a process of thermal energy transfer that involves the vibration of 

particles.   
 B Heat flows from a hotter body to a colder body, and coldness flows in the opposite 

direction.    
 C Radiation refers to the process of heat transfer by the movement of fluid due to density 

differences.     

 D There is no heat flow when two bodies are in thermal equilibrium. 
 
 
  

melting ice 

flask with 
air 
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18 Two metal pots that are identical except that one has a silver exterior and the other has a 
black exterior are placed on an electric hot plate to heat up the water.   
 
Which pot should he use and how does heat transfer occur between the pot and water? 

 
 
 
 

 colour of pot heat transfer by 
 A black conduction and convection 

B black radiation and conduction 

C silver conduction and convection 

D silver convection and radiation  

  
 

 
 
19 A burn from steam at 100 °C can be worse than a burn from water at 100 °C.  

 
Which statements correctly explains the reason? 
  

 A Steam contains more energy than water. 
 B Steam has a greater specific heat capacity than water. 
 C Steam hits your skin with greater force. 
 D Steam is hotter than water. 

 
 
 
20 Liquid X and liquid Y are placed in similar containers. They are heated with the same electric 

heater. The graph shows how the temperature of the liquids changes with time.  
 

 
 
If the mass of liquid X is half that of liquid Y, what is the relationship between the heat 
capacity of liquid X, CX to the heat capacity of liquid Y, CY?  
 

 A 4CX = CY  
 B CX = 2CY        

 C 2CX = CY 

 D CX = 4CY    
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21 A ray of light enters a glass prism normal to the surface and travels along the path as shown.  
 
 
 
 
 
 
                                 air 
 
 
 

 
                                      (diagram not drawn to scale) 
 

 What is the refractive index of the glass? 

 A 1.31 

 B 1.33 

 C 1.50 

 D 1.56 

 
 
 
22 An object is placed at 18.0 cm from a convex lens of focal length 15.0 cm.  

 
What is the characteristic of the image formed? 

 A real, inverted and diminished 

 B real, inverted and magnified 

 C virtual, upright and magnified 

 D virtual, upright and diminished 

 
 
 
23 In determining the speed of sound in a medium, a man strikes one end of the medium, 

while a boy, who stands 2 km away, measures the time taken for the sound to travel to 
him.  
 
The boy measures the time taken to be 6.0 s.  
 
What is the speed of sound in the medium? 
 

 A 14 m s–1 

 B 50 m s–1 

 C 70 m s–1 

 D 333 m s–1 
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24 A sound is produced by a musical instrument in air with a frequency f1 and wavelength λ1. 

 
The sound then enters the water and has a frequency f2 and wavelength λ2. 
 
Which of the following is correct? 
 

 A f2 < f1 and λ2 = λ1 

 B f2 < f1 and λ2< λ1 

 C f2 = f1 and λ2 < λ1 

 D f2 = f1 and λ2 > λ1 

 
 
 
25 A circular dipper connected to a vibrator produces waves at a frequency of 30 Hz in the ripple 

tank.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The distance between the centre of the dipper and the outermost ring of the wave is 0.15 m. 
 
What is the speed of the wave? 
  

 A 0.90 m s-1 

 B 4.5 m s-1 

 C 90 m s-1 

 D 450 m s-1 
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26 A ripple tank contains water of varying depths.   
 
Which diagram correctly represents the water waves as they travel from the shallow to the 
deep region?  

  
 
 
 
 
27 Electromagnetic waves are known to share certain common characteristics.  

 
Which of the following is incorrect? 
 

 A They all travel with the speed of 3.0 × 108 m s-1 in vacuum. 
 B They are all transverse waves. 
 C They always obey the laws of reflection and refraction. 
 D When they pass from one optical medium into another medium, their frequencies, 

wavelengths and speeds always change. 

 
 
 
 
28 Microwaves, visible light and X-rays are all part of the electromagnetic spectrum.  

 
What is the correct order of increasing wavelength? 
 
 

  shortest     longest 

 A microwaves  visible light  X-rays 
 B microwaves  X-rays   visible light 
 C X-rays   microwaves  visible light 
 D X-rays   visible light  microwaves 

 
 
  

B A 

D C 
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29 A metallic lightning rod is placed on top of a house. 
 
The lighting rod is connected to the ground rod by a metallic wire. 
 
When a negatively charged cloud passes over the building, the lightning rod becomes 
positively charged. 
 
 

 

 
 
 

 Which of the following explains the positive charge at the tip of the lightning rod? 
 

 A Protons in the air are attracted and stay with the lightning rod. 

 B Protons in the ground rod are attracted towards the negatively charged cloud. 

 C The electrons in the conductor are repelled by the negatively charged cloud. 

 D The electrons move to the ground rod while the protons move to the lightning rod. 
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30 A laptop battery is charged by connecting it to a constant potential difference of 9.0 V. After 
a duration of 30 minutes, the initial current of 1.8 A slowly decreases to zero as shown. 
 

  

 
 

 What is the amount of charge that passes through the laptop battery during the time of  
45 minutes shown in the graph? 
 

 A 67.5 C B 81.0 C C 608 C D 4050 C 
 
 
 
31 In the circuit shown, the resistance of resistor P is twice the resistance of resistor Q. A cell 

with an electromotive force of 10 V forms part of the circuit.  
 
Two voltmeters display the readings of V1 and V2. 
 

  

 
 

 What is the difference between V1 and V2 of the voltages shown on the voltmeters? 
 

 A 3.3 V B 6.0 V C 8.0 V D 10 V 
 
 
 
  

current / A 

time / minutes 

1.8 

30 45 0 

P 

Q 

Q 

V 

V 

10 V 

V1 

V2 
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32 The circuit shows a cell with an electromotive force of 12 V and the reading on the 
galvanometer is zero.  
 

 

 
 What is the value of resistor R? 

 
 A 3 Ω B 4 Ω C 9 Ω D 45 Ω 

 
 
 
33 The diagram shows a circuit connected to a light dependent resistor (LDR) and two fixed 

resistors. 
 

  

 
 

 What effect will a strong light shining on the LDR have on the readings of ammeters M and 
N? 
 

  reading on ammeter M reading on ammeter N  

 A decreases decreases  
 B decreases increases  
 C increases decreases  
 D increases increases  

 
 
  

12 V 
 

4 Ω 

20 Ω 15 Ω 

R 

A 

A 

A
M 

A
N 
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34 The power output of an electrical supply is 2.4 kW at a potential difference (p.d.) of 240 V. 
The two wires between the supply and the refrigerator each have a resistance of 2 Ω, as 
shown. 
 

  

 
 
 

 What is the power supplied to the refrigerator and what is the p.d. across the refrigerator? 
 

  power / kW p.d. / V  

 A 2.0 200  
 B 2.2 220  
 C 2.2 240  
 D 2.4 240  

 
 
 
 
 
35 A rice cooker is connected to the 240 V mains supply using a plug containing a 12 A fuse. 

 
The rice cooker is filled with water and rice. When it is switched on, the fuse blows. This 
happens again after a new fuse is fitted. A student then replaces the fuse with a steel paper 
clip, and the rice cooker works. 
 
 

 What else might happen because of replacing the fuse with a paper clip? 
 

 A More energy will be used up by the rice cooker as steel has a higher resistance. 

 B The current in the plug will magnetise the paper clip and makes it a better conductor. 

 C The rice cooker will be overloaded with a very large current and catches fire. 

 D The rice will cook faster as steel is a better conductor of electricity than the fuse. 
 
 
  

240 V 
2.4 kW 

refrigerator 

2 Ω 

2 Ω 

supply 
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36 A bar magnet is placed in a hollow iron cylinder. A small plotting compass is placed near the 
bar magnet as shown. 
 

  

 
 

 Which diagram shows the direction in which the compass needle points? 
 

  A  B 

  

 

 

 
  C  D 
  

 

 

 
 
 
 
 
 
  

N S 

iron cylinder 

bar magnet 
position of compass 

North 

N 
N 

N N 
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37 The diagram shows a current-carrying conductor YZ between the poles W and X of a 
magnet. The weighing balance shows the mass of the horse-shoe magnet before a current 
starts to flow in the conductor YZ. 
 

 

 
 When a current flows in the conductor YZ, the weighing balance reads a mass that is greater 

than the mass of the horse-shoe magnet. 
 
What should be the magnetic poles of W and X of the horse-shoe magnet and the terminals 
of conductor Y and Z?  
 

  pole W pole X terminal Y terminal Z 
 A north south negative positive 
 B north south no current no current 
 C south north negative  positive 
 D south north no current no current 

 
 
 
 
38 The diagram shows a pivoted coil between the two poles of a magnet. The pivoted coil carries 

a constant current, and the coil rotates about the pivot. 
 

 

 
 Which action does not, on its own, increase the size of the turning effect exerted on the coil? 

 
 A increasing the current in the coil  

 B increasing the number of turns of the coil 
 C increasing the strength of the magnet 
 D reversing the current and magnetic poles 

 
  

W 

Y 

Z 

X 

horse-shoe magnet 

weighing balance 
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39 The diagram shows a coil connected to a sensitive ammeter. A magnet is placed next to the 
coil. 
 

  
 

 
 
 
 

 Which action results in a zero reading on the sensitive ammeter? 
 

 A moving the magnet and the coil away from each other at the same speed 

 B moving the magnet and the coil at the same velocity 
 C moving the magnet and the coil towards each other 
 D moving the magnet perpendicularly away from the coil 

 
 
 
40 The diagram shows the waveform seen on the screen of a cathode-ray oscilloscope (c.r.o.) 

when the signal from a musical sound is fed to the c.r.o. through a microphone. 
 

  

 
 

 The duration of time across the display of the c.r.o. screen is 2.1 ms. 
 
 
What is the frequency of the musical sound? 
 

 A 48 Hz B 480 Hz C 1400 Hz D 2900 Hz 
 
 
 
 
 
 
 
 
 
 

End of Paper
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Section A 

Answer all the questions in this section. 

1 Limestone is a common type of carbonate sedimentary rock which is the main source of 
the material lime. Limestone typically has a density of 2.71 g / cm3. 

 (a) (i) Define density. 
 

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

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

  
  (ii) The sides of a cube of limestone is 0.50 m.  

 
 Show that the mass of this cube is 340 kg. [1] 
 
 
 
 
 
 
 

 (b) A 1000 kg forklift as shown in Fig. 1.1 is used to lift a cube of limestone as in (a).   
 
 
 
 
 
 
 
 
 
 
  
 
 
 

The weight of the forklift acts at G1 and the weight of the cube of limestone acts at 
G2. Points A and B are the points where the wheels are in contact with the ground. 
 

  (i) On Fig. 1.2, draw the forces acting on the stationary forklift.                             [2] 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

G1 

A B 

1.0 m 0.3 m 0.9 m 
Fig. 1.1 

a cube of 
limestone, 
340 kg G2 

Fig. 1.2 
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(ii) Determine the maximum number of identical limestone blocks that can be lifted 
by the forklift before the wheel at point B loses contact with the ground.  

 
 The gravitational field strength g = 10 N / kg. 

  
  
 
 
 
 
 
 
 
 
 

 number of blocks = ………………………. [2] 
 

 

2 A student throws a basketball of mass 0.60 kg to another student. The basketball rises 
from point A to a vertical height of 5.0 m at B, as shown in Fig. 2.1. 
 
The effect of air resistance is negligible. 
 
 
 
 
 
 
 
 
 

 
 

 (a) Show that the increase in gravitational potential energy of the basketball between A 
and B is 30 J.  [1] 

 
 
 
  
 

 
 (b) At B, the kinetic energy of the basketball is 8.5 J. 

 
Determine the kinetic energy of the ball at A. 
 
 
 
 
 
 
 

kinetic energy = ……………………. [2] 
 

A 

B 5.0 m 

Fig. 2.1  
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 (c) The student claims that when the basketball was thrown in the air, it was able to 
reach its maximum height as there is an upwards acceleration of the basketball 
throughout this part of its motion.  
 
Comment, in terms of the forces acting, whether the student’s claim is valid. 
 
………….………………………………………..……………………………………..……. 
 
………….………………………………………..……………………………………..……. 
 
………….………………………………………..……………………………………..……. 
 
……...……………….……………………………..……………………………………... [2] 

 
 
 

3 Fig. 3.1 shows a mercury manometer. The left arm of the manometer contains some 
trapped gas. The density of mercury is 13 600 kg / m3. The gravitational field strength g is 
10 N / kg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) The atmospheric pressure is 76.0 cm Hg. 
 
Determine the pressure in Pascals. 

 
 
  
 

pressure = ……………………. Pa [1] 
 

 (b) (i) Calculate the pressure of the trapped gas. 
 
 
 
 
 
 
 
 

pressure = ……………………. Pa [2] 

cm 

Fig. 3.1  

trapped 
gas 

mercury 

10 
20 
30 
40 
50 
60 
70 
80 
90 
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(ii) A small hole is discovered in the left arm of the manometer such that the trapped 

gas can escape to the surroundings.  
 
 In Fig. 3.2 indicate the new mercury levels in both arms of the manometer.    [1] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) A student tilted a barometer as shown in Fig. 3.3 such that the vertical height of the 
barometer is 70 cm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
The student then suggests that the pressure at point Y in the barometer is now 
70 cm Hg. The surrounding pressure is 76 cm Hg. 
 
Explain whether the student’s reading is correct. 
 
………….………………………………………..……………………………………..……. 
 
………….………………………………………..……………………………………..……. 
 
……...……………….……………………………..……………………………………... [1] 

 
 

  

Fig. 3.3 

70 cm 
mercury 

Y 

hole 

cm 

Fig. 3.2 

10 
20 
30 
40 
50 
60 
70 
80 
90 
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4 Fig. 4.1 shows an air-tight beaker completely filled with water.   
 
 
 
 
 
 
 
 
 
 

 (a) Describe the motion of the water particles in the beaker. 
 

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

.…….………………………………………..………………………………..….……….. [1] 
 
(b) The water in Fig. 4.1 is now heated. Using the kinetic model of matter, explain how 

the pressure in the beaker is affected. 
 

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

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

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

.…….………………………………………..……………………………………..….….. [2] 
  
 

 

 (c) Fig. 4.2 shows the scale on a voltmeter connected to a thermocouple thermometer 
when the probe is placed in melting ice, steam point and in the water of the beaker 
respectively. 

 
 
  
 
 
 
          
 
 
 
 

Determine the temperature of the water. 
 
 
 
 
 
 
 
 
 
 
 

 temperature = ……………….. [2] 

Fig. 4.2 

thermocouple probe 
in melting ice 

thermocouple probe 
in steam 

e thermocouple probe 
in water 

beaker 

cover 

water 

Fig. 4.1 
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5 A stick is held against a rotating toothed wheel, as shown in Fig. 5.1.  
 
 
 
 
 
 
 
 
 

Fig. 5.1 
 
There are 8 teeth on the wheel and it rotates at a frequency of 2.0 Hz. Every time the stick 
moves from one tooth to the next it produces a click. 
       

(a) State what is meant by a frequency of 2.0 Hz. 
 

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

 
 
(b) Given that the speed of sound in air is 330 m s-1, determine the wavelength of the 

sound produced. 

wavelength = …………………. [2] 

    
(c) The waveform of the sound produced is shown in Fig. 5.2. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

If the wheel rotates at half the frequency and produces a sound half as loud, state the 
change(s) to the waveform in Fig. 5.2.                                                                                            
 
…….………………………………………..…………………………..……….…..…..…..… 
 
…….………………………………………..…………………………..………….…......…… 
 
...……………….……………………………..………………………….…..……..…..…. [2] 

displacement 

time 

d 

-d 

Fig. 5.2 

stick 

toothed wheel 
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6 Fig. 6.1 shows a beam of uncharged particles and a beam of gamma wave entering a 
region of strong electric field below a positively charged plate. 
 
 

 
 

  
 

 Fig. 6.1 (not to scale) 
 

(a)  State what is meant by an electric field. 
 
……………………………………………...……………………………..………..….…....… 
 
…………………………………………………………………………………….……….. [1] 

 
 
(b) On Fig. 6.1, draw the two paths below the charged plate for the beam of uncharged 

particles and the beam of gamma wave.                                                                  [2]                  
 
 
(c) Explain the path taken by the beams of uncharged particles and the gamma wave as 

shown in (b). 
 

……………………………………………...……………………………..………….…..….... 
 
………………………………………………………………………………………………..... 
 
……………………………………………...……………………………..………….…..…… 
 
……………………………………………………………………………………………... [2] 

. 
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7 A student measures the current and potential difference (p.d.) to determine the resistance 
of a fixed resistor P. The variable resistor is set to maximum resistance. 
 
Fig. 7.1 shows the circuit diagram of part of the circuit that he uses. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 

 
  (a) On Fig. 7.1, complete the circuit by adding the voltmeter at the correct position.     [1]                   

                                                                                                                                
 (b) The potential difference across the fixed resistor P is 1.2 V and the ammeter reading 

is 0.12 A. 
 

   (i) Calculate the resistance of fixed resistor P. 
    

 
 
 
 

resistance of P = ………..…………. [1] 
 

   (ii) The cross-sectional area of the fixed resistor P is 6.0 × 10-3 cm2 and its length is 
4.0 cm. 
 
Determine the resistivity of fixed resistor P. 

    
 
 
 
 
 
 

resistivity = …………………… Ω m [2] 
 

  (c) Fixed resistor P is now connected in parallel with another fixed resistor Q with 
identical resistance value. 
 
Suggest, with a reason, what will happen to the reading of the ammeter. 
 

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

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

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

Fig. 7.1 

A 

P 
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8 The variation with temperature of the resistance R of a thermistor is shown in Fig. 8.1. 
  
  

 

 
 

Fig. 8.1 
 
 

 The thermistor is connected into the circuit of Fig. 8.2. 
 
 

 

 
Fig. 8.2 

 
  

 
 
 

V 

0.9 MΩ 

5.2 MΩ 6.0 V R 

X 

Y 

R / MΩ 

temperature / °C 

www.KiasuExamPaper.com 
478



11 
 

© VICTORIA SCHOOL                                   22/4P/6091/02 

The battery has an electromotive force (e.m.f.) of 6.0 V. 
 
The voltmeter reads 4.0 V. 
 

 (a) Determine 
 

  (i) the total resistance between points X and Y, 
 

    
 
 
 
 
 
 

total resistance = .……………….. [2] 
 
 

  (ii) the temperature of the thermistor using Fig. 8.1. 
 

    
 
 
 
 
 
 
 
 

temperature = ………………… [2] 
 
 

  (b) A student suggests that the circuit in Fig. 8.2 could be calibrated to measure 
temperature. 
 
Suggest a disadvantage of using the thermistor for the measurement of 
temperature. 
 

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

…………………………………………………………………..……………..…………. [1] 
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9 A lamp is rated at 50 W and is designed to be used with a 230 V supply. 
 

 (a) Calculate the resistance of the lamp. 
 

   
 
 
 
 
 
 

resistance = …………………… [2] 
 
 

 (b) A room is lit by three of these lamps connected in parallel. 
 
The lamps are lit for an average time of 3.6 hours a day for a year. Electricity costs 
$0.29 / kWh. 
 
Calculate the cost of using these lamps for a year. 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 

cost = ……….………….. [2] 
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10 Fig. 10.1 shows a vertical solenoid of steel wire connected in series with a battery and 
a switch. 
 

  
Fig. 10.1 

 
 (a) Describe two ways in which the magnetic field at M differs from the magnetic field 

at N. 
 

  1   …………………………………………………………………………………………… 

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

2   …………………………………………………………………………………...…...….  

     ………………………………………………………………………………….….... [2] 

    
 (b) A student holds a steel paper clip and touches the bottom of the solenoid. When 

he releases the paper clip, it stays in contact with the solenoid. 
 

  (i) Explain why the paper clip does not fall upon release. 
 

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

………………………………………………………………………………….…….. 

………………………………………………………………………………….…….. 

…………………………………………………………………………..……..….. [2] 

    
  (ii) The switch is now opened. 

 
Explain whether the paper clip would remain in contact with the solenoid. 
 

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

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

 

 

 

  M   N 
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Section B 

Answer all the questions in this section.  

Answer only one of the two alternative questions in Question 13. 

 

11 
 

A favourite drink at our local drink stall is Milo Kosong, a hot drink with only Milo powder 
added to hot water. 

 
(a) The drink maker in our school canteen added Milo powder to a cup of hot water. 
 

Using ideas about molecules, explain how the powder gains heat from the hot water 
in the cup. 

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

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

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

……………………………………………………………………..………..……………. [2] 
 

 
 
(b) The hot drink is placed on the table and after 15 minutes it was noted that the 

temperature dropped by 20 oC.  
 
(i) Explain the process(es) of transfer of thermal energy leading to the cooling.           

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

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

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

……………………………………………………………………..………..…..……  [2] 
 
 

(ii) State and explain the most effective way to minimize heat lost by the drink to its 
surrounding. 

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

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

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

……………………………………………………………………..………..…..……  [2] 
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(c) Another favourite version is Milo ice which involves the adding of ice to hot Milo drink. 
 

The drink maker has prepared 400 cm3 of hot Milo drink at 90 oC in a cup. 
 

He adds 50 g of ice at 0 oC to the Milo drink. 
 

 Given: 
 
 
 
 
 

 
 
(i)  Define specific latent heat of fusion of ice.                                                                 
 

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

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

     (ii) Calculate the final temperature of the Milo drink.   
 

You may assume that the evaporation and heat loss to cup and surrounding are 
negligible. 
 

 
 

       
 

 
 

 
 
 
 
 
 
 
 
 
 
 

temperature = ………………… [3] 
 
 

  
  
    
 
 
 
 
 

 
 
 
 
 

  

mass of 1 cm3 of hot Milo drink = 1.0 g 

specific heat capacity of water/Milo drink = 4200 J kg-1 K-1 

specific latent heat of fusion of ice = 3.36 x 105 J kg-1 
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12 (a) Besides emitting visible light, the Sun also emits ultraviolet rays. 
 
(i) State a difference between visible light and ultraviolet rays. 
  

………………………………………...…………………………………..……………. 
       
      ………………………………………………………………………………..….….. [1] 
 
 
(ii) Describe an effect on living tissues when ultraviolet rays are absorbed. 
 
 ………………………………………...…………………………………..……………. 
       
      ………………………………………………………………………………..….….. [1] 
 
 

 

 (b) A progressive wave is represented by the following displacement-position graph 
and displacement-time graph in Fig. 12.1. 
 

 

 
                                                             Fig. 12.1 
 

(i) Determine the speed of the wave. 
 
                                  
 
 
 
 

speed of wave = …………………….. [2] 

 

displacement / m 

time / s 
0.01 0.02 0.03 0.04 

-10 

10 

displacement / m 

position / m 
1 2 3 4 

10 

-10 
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(ii) On Fig. 12.1, sketch the new wave on the displacement-position graph after 

half a period has passed.                                                                                [1] 
 
 

(iii) If the frequency of the wave increases, state the effect on the speed of the 
wave. 
 

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

 
 

  
(c) 

 
Fig. 12.2 shows a converging lens used in a camera to form an image IA’ of the 
object OA. F represents the principal foci of the lens. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                     Fig. 12.2 
 
 
 

 

 

    (i)    Draw construction rays from OA to locate the image IA’.                                      [2] 
 
 

(ii)   Complete the paths of the rays AB and OC to the image IA’.                           [1] 
 
 

(iii)  State what would happen to the image when the object OA is shifted slightly 
further away from the lens.                                                                                    

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

 
 
 
 
 
 

  

O 

B 

C 

F F 

lens 

A 

object 

www.KiasuExamPaper.com 
485



18 
 

© VICTORIA SCHOOL                                   22/4P/6091/02 

13 Either 
 
A car of mass 1500 kg moves along a straight, horizontal road. The variation with time t of 
the velocity v of the car is shown in Fig. 13.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) The car is moving at a uniform speed of 23 m / s. State the meaning of uniform speed. 

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

 
 
(b) 
 
 

 
 

The brakes of the car are applied from t = 2.5 s to t = 4.0 s. 
 

For the time when the brakes are applied, 
 

 (i) calculate the distance moved by the car, 
 

 
 
 
  
 
 
 

distance = ………………………. [2]  
 
 

 (ii) calculate the magnitude of the resultant force on the car. 
 

 
 
 
 
 
 
 
 

resultant force = .................................. [2] 

v / m s-1 

t / s 

23 

17 

2.5 4.0 

0 
0 

Fig. 13.1 
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(c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) 

Sketch the distance-time graph of the motion of the car for the first 4 seconds in  
Fig. 13.2.                                                                                                                      [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The direction of motion of the car in (b) at time t = 3.0 s is shown in Fig. 13.3. 
 
 
 
 
 
 
 
 
 
 
 

 
 
On Fig. 13.3, show with arrows the direction of the forces acting on the wheels of the 
car by the ground.        [1] 
 
 
 

(e) The car then turns around a bend at constant speed from t = 4.0 s onwards. 
 
Explain why the car is accelerating even though its speed is constant. 
 
 
………………………………………………..…………………………………………….…… 
 
………………………………………………..………………………………………….……… 
 
………………………………………………..…………………………………………….…… 
 
………………………………………………..………………………………………….….. [2] 
 
 

  
    

Fig. 13.3 

direction of motion 
 

 

distance / m  

time / s 
Fig. 13.2 

www.KiasuExamPaper.com 
487



20 
 

© VICTORIA SCHOOL                                   22/4P/6091/02 

13 Or 
 
 
(a) Fig. 13.4 shows a simple relay used to switch a mains electric motor on and off. 

 
 

 
Fig. 13.4 

 
 

 (i) Explain why the motor turns on when switch S is closed. 
 

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

…………………………………………………………………………………….……… 

………………………………………………………………………………….………… 

………………………………………………………………………………………….… 

……………………………………………………………………………………….…… 

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

   
 (ii) A student suggests that the motor can be turned on and off without a relay. 

 
He suggests connecting the mains supply to a simple switch in series with the
motor. 
 
Suggest a reason why, in some situations, using the relay is a better choice for
this application. 
 

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

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

 
 
 

contacts 
mains 
supply 

pivot 

core 

insulator 

Iron armature 

coil of wire 

springy metal 
motor 
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(b) Fig. 13.5 shows an ideal transformer that can be found inside the motor in Fig. 13.4. 
 

 

 
Fig. 13.5 

 
 (i) State the purpose of the iron core in the transformer. 

 
  …………………………………………………………………………………………… 

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

   
 (ii) Explain why there is an output voltage produced in the secondary coil. 

 
  …………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

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

 
 (iii) The primary coil is connected to the 230 V power source. There are 1950 turns 

on the primary coil. The output voltage to the motor is 20 V. 
 
Calculate the number of turns on the secondary coil. 
 

   
 
 
 
 
 

number of turns = ………………………. [2] 
 

 

End of Paper 
 

This document is intended for internal circulation in Victoria School only. No part of this document may be reproduced, stored in a retrieval 
system or transmitted in any form or by any means, electronic, mechanical, photocopying or otherwise, without the prior permission of the 
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Suggested solution
6 (a) Electric field is a region in which an electric charge experiences an 

electrostatic force.

(b) (i) the beam of uncharged particles deflects upwards and is attracted to the
positively charged plate.

(ii) the beam of electromagnetic wave continues undeflected in a straight line.

(c) There is electrostatic induction and the electrons in the uncharged particles 
are attracted to the side closer to the positively charged plate. Since the 
negative side is closer to the plate than the positive side of the uncharged 
particles, the particles are attracted to the plate.

The gamma wave is uncharged and will not be attracted to the plate hence it
continues moving along a straight line.

Suggested solution
7 (a) Voltmeter is connected in parallel to the fixed resistor P.

(b)
(i)

Rp = = 10 Ω

(b)
(ii)

R = 

=

 = 1.5 × 10-4 Ωm

(c) The ammeter reading increases. When the fixed resistor Q is connected in 
parallel with fixed resistor P, the effective resistance of the circuit decreases.

Suggested solution
8 (a)

(i)
2 V across 0.9 MΩ
4 V across the voltmeter will be twice the resistance according to potential 
divider principle, 
total resistance across points X and Y = 0.9 × 2 = 1.8 MΩ

(a)
(ii)

Resistance across the thermistor, R

R = 2.75 MΩ

From Fig. 8.1, the temperature of the thermistor = 22.0 °C
(b) Disadvantage of using the thermistor is its resistance does not vary linearly 

with temperature.

tance acro

po
plate.

will noootttot be aaatatatatttttrtt acted
ne.
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Suggested solution
9 (a) P = 

   = 1060 Ω (3 s.f.)

(b) Energy used in a year = 0.050 kW × 3.6 h × 365
                                    = 65.7 kWh

Cost in a year = 65.7 × 0.29 × 3
                       = $57.16

Suggested solution
10 (a) 1. The direction of the magnetic field in M and N are opposite.

2. The strength of the magnetic field in M and N are different. Magnetic field
strength of M is stronger than N.

(b)
(i)

The solenoid is an electromagnet that induces magnetism in the paper clip.

The opposite pole of the paper clip is attracted to the magnetic pole of the 
solenoid.

(b)
(ii)

Since the solenoid is made of steel wire, it retains its magnetism after the 
switch is opened. So it remains attracted to the solenoid.

Suggested solution
11 (a) Hot water particles at higher temperature have higher kinetic energy . It 

collides with the powder and transfers some of its kinetic energy. The average 
kinetic energy of powder increases, its temperature rises as it gains heat. 

(b)
(i)

Heat transfer away by convection as the air above the hot drink heats up by 
conduction, it expands and rises due to lower density. Cooler air of higher 
density would move in to be heated and the process repeats.

(b)
(ii)

Cover the cup. This minimizes heat loss by convection of air as the warm air 
is trapped within the cup.

(c)
(i)

Specific latent heat of fusion of ice is the amount of thermal energy required 
to change unit mass of ice from solid state to liquid state, without a change of 
temperature.

(c)
(ii)

Given the assumption of no other heat loss,

Heat loss by milo = Heat gain by ice melting + Heat gain by melted ice
(0.4)(4200)(90-Ө) = (0.05)(3.36 x 105) + (0.05)(4200)(Ө-0) 
               
                          Ө = 71.1 OC   
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Suggested solution
12 (a)(i) Visible light has a lower frequency than ultraviolet rays. 

(a)(ii) Lead to premature aging of skin tissues and even skin cancer.
(b)(i) V = wavelength / period = 2.0 / 0.02

   = 100 m s-1    

(b)(ii) Correct wave drawn. (shifted by half a wavelength to the right)

(b)(iii) The speed will remain constant.
(c)(i)
(ii)

(i) Correct construction of 2 rays to locate image of point A 
Correct drawing of image IA’.

(ii) Both rays from AB and OC must converge on A’.

Note: Minus 1m if no arrow head drawn for rays.

(iii) Image becomes smaller and nearer to the lens. 

Suggested Solution
13 (a) It means covering equal distance in equal interval of time.

(b)(i) Distance travelled = Area bounded by graph and the time axis
                              = (17+23)(4.0-2.5)
                              = 30.0 m (2 or 3 s.f. accepted) 

(ii) Acceleration of = gradient of velocity-time graph 
car =

= 4.00 m s-2

Resultant force = ma
= (1500)(4.00)
= 6.00 kN (2 or 3 s.f. accepted) 

Corrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrecececececececececccccccceccceccccccccccceecccececcceccccecccceccccccccccccccccccccccecceccecct ttttt cocococoooocooooocooooooooooooooooooooooooooooooooooonsnsnsnsssssssnsnsnssnsssssssnsnsnsssnsnssssnsnsnsssnnnsssnsnsnsnssnssnssnsnsnsnsnnsnsssnnnnssnnsnnnnnnnnsnnnnsnnnsnnnnn ttttttttttrttttttrrttrrtrrtrtrtttttrtrtrtrtrttttttrtttrtttrttrtrtrtrrrucucucucucccccccccuccccccccccccccccucccccccccccuccuuu tititiiiittttttttttttttttttttttttttttttttttttttt ononononoonnnnnnnnnnnnnnnnnnnnnnnnononnnnnnnnnnnnnnnnnnnnnn oooooooooooooooooooooooooooofffffffffff ffffffffffff 2 2 rarararararararaaarararraaaraaaaaaaraaaraaaraaararararraaaaaraararaararaaaararaarararararaaaarararaaaararrrrraarrrrrrrraaaaaaaaaaysysysysysysysyssysysysysysysysyyyyysyyysysyysysysyyysysysysysysysyyyyysysyysysyyyyssysyyyyyysysyyyysyssyysyssysyssssyyyyyyyyyyyyyyyy ttttttttttttttttooooooo ooo oo oo ooooo locateee iiiiiiiiiiiiiiiimamammmmmmmmmmmmmmmmmmmmmm geeeeeeeeeeeeeeee ooooooooooooooooooooooooof f fff fffffffffffffffff pppppoppppp
Corrececececececececececeecececececeeeeecceeceeeccececcecccccccccccccccccccccccccccccccccccctttttttttttttttttttttttttttttttttttttttttttt drdrdrdrdrdrdrdddrdrrdrdrrdrrdrrdrdrrdrrrdrdrdrrrdrdrrrrdrdrdrrrdrrdrdddddrdddrdddddrdrddddddddddddddddddd aaaaawaawawawawaaaaaaaaaaaaaaaaaaaaaaaaa ingggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg oooooooooofofoooooooooooooooooooooooooooooooooooooooooooooooooooooooo  imaagegeeegeegeegegeeegegegegegeeegegeeeeeeeegeeeegegegegegegeeeegeeegeegegegeegegeegeegegegeeeeegegeggggggggggggggggg IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA’’’’’’’’’’’’..........
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SuSuuuuuuuuuuuuuuuSSuuuuSuSuSuuuSuuuSuSuSuuSuuSuuuuuuuuuuuuuuuuuuggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggeseseseseseeseeseseseeseseseseseseseseseeseeseseseeeeseseseseseeeeseeeesssssesssesessssessessessssessssseeeeeeeeeeeeeeeeeeeeeeeeee ttttetttttt d SoSoSoSoSoSoSoSoSoSoSoSoSoSooSoSoSoSoSooSoSoSoSoSoS lulululululululllulululllululullullll tiononnnnnnnnnnnnnnnonnnonnonnnn
IItIItItItItItItItItItItIIIII mmmmmmmmmmmmmeaeeaeeeeeeeeeaeaeaeaeeeaeaeaeaeeeeaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ns cocococococococococococococooocococococcoocococoococcocococovevevevevevevvvvevevevevevevvvvevevevvevvvvvvevering equ

Diststtttttttananananananannnanannananananananannanannanaa cecececececececececececeeeecececececcc  travelled
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(c)

Correct graph shape.
Correct values for both key positions

(d)

(e) As the car turns, its direction is constantly changing. Velocity is thus 
changing.

Since acceleration is defined as the rate of change of velocity, the 
car experiences acceleration during the turn at constant speed.

direction of motion

Fig. 13.3 
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