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1 A car travels at a speed of 65 km/h.  
 
What is the speed of the car in m/s? 
 
A 18.1 m/s B 55.4 m/s C 181 m/s D 1080 m/s 

 
2 A light ray is reflected off two mirrored surfaces.  

 

 
(not to scale) 

 
What is the value of θ? 
 
A 5° B 10° C 15° D 20° 

 
3 A name tag reads “SAM”.  

 
What is the image of the name tag in a plane mirror?  
 
A  

 
 
 

B  

C  
 
 
 

D  

 
4 The refractive index for germanium is 4.01.  

 
What is the speed of light in germanium? 
 
A 7.5 × 107 m/s B 7.5 × 108 m/s C 1.2 × 108 m/s D 1.2 × 109 m/s 
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5 A thin, converging lens of focal length f, is used to produce various types of images.  
 
Which row is correct? 
 

  location of object type of image produced   

 A less than f inverted, virtual, diminished   

 B between f and 2f upright, real, enlarged   

 C at 2f inverted, real, same size   

 D beyond 2f upright, real, diminished    

 
6 A rope is fixed to a wall at one end with the other end moved up and down to produce a wave. 

 
 

                                                       wall 
 
 
What is transferred along the rope due to this motion? 
 

 A mass 
 B energy 
 C frequency 
 D molecules 

 
7 Which is not an application of microwaves? 

 
 A To detect structural flaws. 
 B To ionise biological molecules.  
 C To cook food in microwave ovens. 
 D To transmit communication signals. 

 
8 The wavelength of an X-ray is 1.0 nm while the wavelength of a radio wave is 1.0 mm.  

 
What is the ratio of the frequency of the X-ray to the frequency of radio wave?  
 

 A 1 : 1 00 000 
 B 1 : 1 000 000 
 C 1 00 000 : 1 
 D 1 000 000 : 1 

 
9 A sound travels through a solid copper tube and then enters air. 

 
Which of the following correctly compares the sound in the solid copper tube to air? 
 

  frequency speed (in copper tube)   

 A different higher   

 B different same   

 C same higher   

 D same lower   
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10 A series of compressions and rarefactions of a sound wave are shown.  
 

 
 
 
 
 

(not to scale) 
 
What is the wavelength of the sound wave?  
 

 A 2.0 m B 3.0 m C 4.0 m D 6.0 m 
 
11 Which defines acceleration? 

 
 A  

 
 B  

 
 C  

 
 D  

 
12 A stone falls freely from rest from the top of a building of height, 80 m. 

 
The gravitational field strength g is 10 N/kg. 
 
What is the speed of the stone when it hits the ground?  
 

 A 4.0 m/s B 8.0 m/s C 40 m/s D 80 m/s 
 
13 Which quantity is a scalar? 

 
 A displacement B force C weight D work done 

 
  

4.0 m 
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14 A body is acted on by two forces, S and T. A frictional force, F keeps the body in equilibrium.  
 
Which vector diagram shows the relationship between these forces? 
 
A B 

C 

 

D 

 
 
15 A helicopter of mass 3.0 x 103 kg rises vertically with a constant speed of 25 m/s. 

 
The gravitational field strength g is 10 N/kg. 
 
What is the resultant force acting on the helicopter? 
 
A 0 N 
B 3.0 x 104 N downwards 
C 4.5 x 104 N upwards 
D 7.5 x 104 N upwards 

 
16 A parachutist is falling through air with terminal velocity. 

 
Which quantity is changing? 
 
A acceleration 
B gravitational potential energy 
C kinetic energy 
D mass 

 
17 Which object has the largest inertia? 

 
A a 1.5 x 10-1 kg baseball pitched at 170 km/h 
B a 1.2 x 103 kg sports car travelling at 100 km/h  
C a 5.0 x 103 kg stationary helicopter  
D a 3.0 x 106 kg falling tree  
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18 The mass and volume of different sized samples of a newly discovered metal are measured. 
 
Which graph shows how the mass varies with volume? 
 
A 

 

B 

 
 

C 

 

D 

 
 
19 A uniform beam has a weight of 60 N and a length of 2.0 m. It is pivoted at a length of 0.60 m from 

the end X. 
 

 
 
At what distance from the pivot should a 160 N weight be placed in order to balance the beam? 
 
A 0.150 m B 0.225 m C 0.375 m D 0.450 m 
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20 A student of weight 500 N runs up a slope of length 30 m and height 15 m in 25 s. 
 

 
 
What is the power developed by the student? 
 
A 30 W B 60 W C 300 W D 600 W 

 
 
21 The two cubes shown below are made from the same material. The bigger cube has sides that 

are twice as long as the smaller cube. Standing on one face, the small cube exerts a pressure, P 
on the floor.   
 

                                                   
 
Given that the smaller cube has a weight, w and the bigger cube weighs eight times as much, 
what is the pressure exerted by the larger cube standing on one of its faces? 
 

 A ½ P B P C 2P D 4P 
 
22 Equal masses of water are poured into four jars as shown.  

Which jar has the least pressure exerted by the water on the base? 

 
 
 
 
 
 
 

 
23 When fine pollen grains suspended in water are viewed under a microscope, they are seen to be 

making small, erratic movements.  
 
Why is this? 
 

 A There are convection currents in the water. 
 B They are being hit by water molecules. 
 C They are moving and colliding with one another. 
 D They are living organisms so they move around. 

A       B             C      D 

x 
2x 

w 
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24 Which physical property is not suitable for defining temperature scales?   
 

 A e.m.f at the junction of two different metals 
 B mass of a solid object 
 C volume of a liquid column 
 D volume of trapped gas 

 
25 A piece of wire has an electrical resistance of 980 Ω in ice of -10 °C,  and 1750 Ω in boiling water 

at 100 °C.  
 
What is the resistance of the piece of wire at 30 °C, assuming resistance changes uniformly with 
temperature? 
 
A 280 Ω B 1190 Ω C 1260 Ω D 1370  Ω 

 
26 A slice of bread is placed under a hot electric grill. 

 
 
 
 
 
 
 
                                                        

How does thermal energy reach the bread? 
 
A conduction only 
B radiation only 
C conduction and convection 
D convection and radiation 

 
27 Two identical blocks of metal are heated to 20°C and 80°C and placed in a vacuum. In which 

scenario will thermal equilibrium between the two blocks be reached in the shortest time? 
 
A  

 
 
 
 
 
 
 
 
 
 

B  
 
 
 
 
 
 
 
 
 

C  
 
 
 
 
 
 
 
 
 

D  

grill 

slice of bread 

20°C 
80°C 

20°C 

80°C 

80°C 

20°C 

80°C 
20°C 

plastic block 
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28 A piece of pure ice melts. 
 
Which row describes the energy changes of the ice as it melts? 
 

  internal potential energy internal kinetic energy  

 A increases decreases  

 B decreases increases  

 C increases remains constant  

 D remains constant increases  

 

29 A negatively charged rod is brought close to an isolated T-shaped piece of metal. 
 
Initially, the metal is uncharged. 
 
Which diagram shows the induced charge on the metal? 
 

 A  
 
 
 
 
 

B 

 
 C  

 
 
 
 
 

D 

 
 
30 The diagram shows the electric field pattern between two isolated point charges. 

 

 
 
Which two point charges produce this pattern? 
 

 A  
 
 
 

B 

 
 C  

 
 
 

D 
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31 Identify the correct position of the switches such that all three bulbs are lit. 
 

 
 
 switch P switch Q switch R  

A closed closed open  

B open open closed  

C open  closed open  

D open closed closed  

 
32 In the diagram below, the potential difference across the battery is denoted by Vε and the potential 

difference across R2 is denoted as Vout.  
 

 
                                                       
What is the ratio of Vε : Vout? 
 
A R1 : R2 
B R2 : (R1 + R2) 
C (R1 + R2) : R1 
D (R1 + R2) : R2  

 

  

switch R 

bulb 2 

bulb 3 

switch P 

switch Q 

bulb 1 
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33 Which graph shows the characteristics of a light dependent resistor? 
 

 A  
 
 
 
 
 
 
 
 

B  
 
 
 
 
 
 
 
 
 
 
 

 C  
 
 
 
 
 
 
 
 
 
 
 

D  

34 Which of the following is not a safety feature found in a typical household electrical circuit? 
 

 A fuse 
 B earth wires 
 C lightning rod 
 D main circuit breaker 

 
35 An electric oven is rated at 10 A.  

 
What is a suitable fuse for the oven?  
 

 A 5.0 A B 8.0 A C 10 A D 13 A 
 
36 To determine whether a material is magnetic, you should find out if it 

 
 A is a metal or a non-metal. 
 B is a conductor or an insulator. 
 C can be given an electric charge. 
 D affects the direction in which a compass needle points. 

 

  

light intensity 

resistance 

resistance resistance 

resistance 

light intensity 

light intensity light intensity 
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37 The diagram shows an alarm system in which the switch S is shown closed. 

 
 
What happens when the switch S is opened?  
 
 iron bell  

A drops rings  

B drops stops ringing  

C moves up rings  

D moves up stops ringing  

 

38 Two parallel vertical wires P and Q are a small distance apart in air. There is a downwards electric 
current in both wires. A force acts on Q due to the current in P. This force is perpendicular to the 
wire Q. 
 
What is the direction of the force on Q? 
 

 
 

 

  

S 
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39 The diagram shows a single-coil electric motor. 
 

 
 
The split-ring commutator reverses the current in the coil as it rotates. 
 
How many times is the current reversed if the coil is rotated for one complete revolution? 
 

 A 1 B 2 C 3 D 4 
 
40 Electric power cables transmit electrical energy over large distances using a high voltage, 

alternating current. 
 
What are the advantages of using a high voltage and of using an alternating current? 
 

  advantage of using a high voltage advantage of using an alternating current 
 
 A a higher current is produced in the cable the resistance of the cable is reduced 

 
 B a higher current is produced in the cable the voltage can be changed  

using a transformer 
 
 C less energy is wasted in the cable the resistance of the cable is reduced 

 
 D less energy is wasted in the cable the voltage can be changed  

using a transformer 
 

 
 
 
 
 

END OF PAPER 
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Section A 
Answer all the questions in this section. 

 
1 A student measures the diameter of a rod using a micrometer.  

 
Fig. 1.1 shows the reading on the micrometer. Given that the micrometer has a zero error 
of -0.04 mm, determine the actual diameter of the rod. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.1 
 
 
 
 

diameter = ……………………… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
 
2 The critical angle of glass is 41.2°. 

 
 

(a)  Calculate the refractive index,  of glass.  
  

 
 
 
 

 = ……………………… 
 

 
 
 
 
 

[1] 

(b) Fig. 2.1 shows a light ray incident on a glass block. Calculate r, the angle of 
refraction. 
 
 
 
 
 
 
 
 
 
 
 
 
                                         Fig. 2.1 (not to scale) 
 

r = ……………………… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
  

r 

glass 

air 

35° 

mm 
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3 Fig. 3.1 shows a thin converging lens that is used as a magnifying glass.  
 

 

(a)  On Fig. 3.1, draw two rays from the top of the object to locate the top of the image. 
Draw in the whole of the image. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.1 
 

 
[3] 

(b) Other than the size of the image relative to the object, state another characteristic 
of the image. 
 
…………………………………………………………………………………………….... 
 

 
 
 

[1] 

  

F F 

thin converging lens 

object 
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4 Fig. 4.1 shows the displacement-distance graph of a transverse wave. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.1 (not to scale) 
 

 

(a)  Determine the amplitude of the wave. 
 
 
 

amplitude  = ………………………  
 

 
 
 
 

[1] 

(b) The wave propagates at a speed of 2.8 m/s.  
 
Calculate the frequency of the wave. 
 
 
 
 
 
 
 

frequency = ……………………… 
 

 
 
 
 
 
 
 
 
 
 

[2] 

(c) Name a region of the electromagnetic spectrum that has a higher frequency than 
ultraviolet radiation. 
 
…………………………………………………………………………………………….. 
 

 
 
 

[1] 

 

 

 

 

 

 

 

 

displacement /cm 

distance /cm 

30 

-30 

40 80 120 160 200 240 0 
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5 Fig. 5.1 shows a sound source integrated with a microphone placed in the middle of a 
rectangular room. The microphone is attached to an oscilloscope. A sound pulse is emitted 
and the oscilloscope starts recording immediately after the entire pulse has been emitted. 
 
Fig. 5.2 shows the oscilloscope trace of the first two returning echoes.  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
           Fig. 5.1 (not to scale) 
 
 

                                                                    Fig. 5.2 (not to scale) 
 

 

(a)  Explain why the second echo is of a smaller amplitude than the first echo. 
 
……………………………………………….……………………………………………… 
 
……………………………………………….……………………………………………… 
 

 
 
 
 

[1] 

(b) The speed of sound in air is 330 m/s. 
 
Calculate the distance x, leaving your answer in metres. 
 
 
 
 
 
 
 
 
 
 
 

x = ………………… m 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 [2] 

 

 

 

 

 

sound source and 
microphone 

0 

amplitude 

time /ms 140 60 
80 

first echo second echo 

160 x 
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6 Fig. 6.1 shows an empty double walled container of mass 235 g which can hold up to 
235 cm3 of fluids. 

 

 

 
Fig. 6.1 

 
 State and explain whether the empty double walled container will float or sink in water. 

The density of water is 1.0 g/cm3. 
 

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

 
 
 
 
 

[2] 
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7 Fig. 7.1 shows a simple balancing toy balanced on the tip of a finger.   
 

 
Fig. 7.1 

 

 

 
Fig. 7.2 

 (a) (i) Define the centre of gravity of an object.  
   

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

 
 
 

[1] 

  (ii) On Fig. 7.1, mark the position of the centre of gravity of the simple balancing 
toy with an ‘X’. 
 

 
[1] 

 (b) Fig. 7.2 shows the simple balancing toy displaced on the tip of the finger.  
Explain how the simple balancing toy is able to return to its position in Fig. 7.1.  

 
 

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

 
 
 
 
 

[2] 

 (c)  Without any changes to the materials used to construct the simple balancing toy, 
suggest a modification to make it more stable.  

 

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

 
 
 

[1] 
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8 Fig. 8.1 shows a skier of mass 80 kg, ski down the slope from rest at X and reach a 
speed of 5.0 m/s at Y. 

 

 

 
Fig. 8.1 

 
 (a) Define work.  
   

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

 
 
 

[1] 

 (b) Calculate the work done against friction from X to Y. 
 
The gravitational field strength g is 10 N/kg.  

 

   
 
 
 
 
 
 
 
 
 
 
 

work done = ……………………… 
  

 
 
 
 
 
 
 
 
 
 
 
 

[3] 
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9 (a)  Fig. 9.1 shows a gas in a sealed container at a pressure of 118 kPa connected to 
the left arm of a manometer. The right arm of the manometer is open to the 
atmosphere.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9.1 
 
 
Calculate the density of liquid Q. 
 
The gravitational field strength g is 10 N/kg. The atmospheric pressure is 101 kPa. 

 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 

density of liquid Q = ………………………  
 

 
 
 
 
 
 
 
 
 
 
 
 

[2] 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

sealed container 

liquid Q 

118 kPa 

45 cm 
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(b) Fig. 9.2 shows a mercury barometer placed under a pressure of one  
atmosphere. The density of mercury is 13 600 kg/m3. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9.2 (not to scale) 
 
Liquid Q is used in place of mercury. 
 
Calculate the height of the column of liquid Q when placed under a pressure of one 
atmosphere. 
 
 
 
 
 
 
 
 

height of column of liquid Q = ……………………… 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] 

(c) (i) Define pressure. 
 
……………………………………………………………………………………… 
 

 
 

[1] 

 (ii) Fig. 9.3 shows the caterpillar tracks found on excavators. 
 
 
 
 
 
 
 
 
 
 

Fig. 9.3 
 
Explain why caterpillar tracks, instead of wheels, are fitted on excavators on 
muddy ground.  
 
……………………………………………………………………………………… 
 
……………………………………………………………………………………… 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] 

caterpillar tracks 

76 cm 

19 cm 

vacuum 

mercury 
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10 Fig. 10.1 shows a flask filled with air and covered with a rubber bung.   
 

 
 

Fig. 10.1 
 

 When the flask is heated, the pressure of the air inside the flask increases and the rubber 
bung flies out. 
 

 

 (a) State the kinetic theory of matter.  
   

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

 
 
 

[1] 

 (b) Explain, using the kinetic theory of matter, why heating the air inside the flask causes 
the air pressure to increase. 

 
 

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

 
 
 
 
 
 
 
 
 

[3] 
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11 Fig. 11.1 shows petrol being pumped into a can. Electrostatic charges build up on the petrol 
and the pipe. 
 

 
 

Fig. 11.1 
 

 

 (a)  Explain why this is dangerous.  
   

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

 
 
 
 
 

[2] 

 (b)  Describe what can be done to stop the electrostatic charge building up in this way.   
   

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

 
 
 

[1] 

 

  

pipe 

petrol 
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12 Fig. 12.1 shows a circuit with three identical resistors R1, R2 and R3. 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

Fig. 12.1 
 

 

(a) The switch is closed.  
 
State and explain what happens to the reading of A1 compared to when the switch 
is opened. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 

 
 
 
 
 
 
 

[1] 
 

(b) R2 is now replaced with a diode,      , pointing to the right. The switch remains closed. 
 
State the ratio of the reading of A1 to the reading of A2.   
 
…………………………………………………………………………………………….. 
 

 
 
 
 

[1] 
 

 

 

  

A1 

A2 

R1 

R2 

R3 
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13 Fig. 13.1 shows the three wires P, Q and R of an electrical appliance and their 
corresponding wires on the mains socket. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13.1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Name wire P.   
 
…………………………………………………………………………………………….. 
 

 
 

[1] 
 

 (b) State the colour of wire R. 
 
…………………………………………………………………………………………….. 
 

 
 

[1] 

 (c) Explain how wire Q serves as a safety feature.  
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 

 
 
 
 

[1] 

 (d) In some appliances, wire Q is not present.  
 
State an additional safety feature that is present in place of wire Q. 
 
…………………………………………………………………………………………….. 
 

 
 
 
 

[1] 

 

  

P 

Q 

R 

heating 
element 

mains socket electrical appliance 

metal casing 
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14 (a)  State two conditions required for a particle to experience a force in a magnetic field.  
   

1. ……………………………………………………………………………......………….. 
 
……………………………………………………………………………………......…….. 
 
2. ……………………………………………………………………………......………….. 
 
……………………………………………………………………………………......…….. 
 

 
 
 
 
 
 
 

[2] 

 (b)  Microwaves and a beam of fast-moving electrons enter a strong magnetic field, as 
shown in Fig. 14.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14.1 
 
The magnetic field acts only in the shaded region shown in Fig. 14.1. The direction 
of the magnetic field is out of the page. 
 
On Fig. 14.1, sketch the paths of the microwaves and the electrons in the magnetic 
field. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 

 

  

fast-moving electrons 

microwaves 

uniform magnetic 
field out of page 
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Section B 
Answer all the questions in this section. 

Answer only one of the two alternative questions in Question 17. 
 
15 The marathon is a long-distance race of about 42 km. Water on the skin of a marathon 

runner evaporates as he runs. 
 
Data relevant to the marathon is given in the box. 
 
mass of marathon runner: 70 kg 
time taken by runner to complete the marathon: 4.5 hours 
average body temperature before starting the marathon: 37 °C 
body temperature above which overheating may cause serious damage: 40 °C 
average production of thermal energy in one hour by the runner: 3.3 x 106 J 
 
average loss of energy in one hour by evaporation from the skin: 2.2 x 106 J 
average specific heat capacity of the human body: 3400 J/(kg °C) 
specific latent heat of vaporisation of water at body temperature: 2.4 x 106 J/kg 

 
The level of dehydration of a human body is measured by the percentage loss of body 
mass caused by evaporation. The table below shows three levels of dehydration. 
 

level of dehydration 
percentage of body mass  

lost by evaporation of water 
mild dehydration <3% 
moderate dehydration 3–5% 
severe dehydration >5% 

 
 

 

 (a)  Calculate the mass of water lost by evaporation from the skin of the runner in one 
hour. 

 

   
 
 
 
 
 
 
 

mass of water lost = ……………………… 
 

 
 
 
 
 
 
 
 

[2] 
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 (b)  Assume that the runner only loses energy by evaporation from his skin. 
 
Calculate the rise in temperature of his body in one hour of the race. 

 

   
 
 
 
 
 
 
 
 

rise in temperature = ……………………… 
 

 
 
 
 
 
 
 
 
 

[3] 

 (c)  Using your answer to (b), show that evaporation from his skin is not sufficient, on 
its own, to prevent overheating during the race.   

 

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

 
 
 
 
 

[1] 

 (d)  One other mechanism for evaporation occurs in breathing. Water is vaporised in 
the lungs and is then exhaled. 
 
Assume that there is no increase in the runner’s body temperature during the race.  
 
Calculate the mass of water vapour that the runner exhales during the whole race.  

 

   
 
 
 
 
 
 
 
 

mass of water vapour = ……………………… 
 

 
 
 
 
 
 
 
 
 

[2] 

 (e)  Assume that the runner does not drink any water during the race. 
 
Using your answers to (a) and (d), determine the level of dehydration of the runner 
at the end of the race.  

 

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

 
 
 
 
 
 
 
 

[2] 
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16 Fig. 16.1 shows a hovercraft which moves on a cushion of air trapped underneath it.   
 

 
Fig. 16.1 

 
 (a) At an instant, the propellers produce a total forward force, F of 22000 N and 

experiences a total resistive force of 2000 N. The mass of the hovercraft is 25000 
kg. 
 
Calculate the acceleration of the hovercraft at this instant. 

 

   
 
 
 
 

acceleration = ……………………… 
 

 
 
 
 
 

[2] 

 (b) After some time, the hovercraft reaches a steady speed, even though the force F 
is unchanged.  
 
Explain, in terms of the forces acting on the hovercraft, why the hovercraft will reach 
steady speed. 

 

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

 
 
 
 
 

[2] 

 (c) Explain how the propeller is able to produce a forward force, F.  
   

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

 
 
 

[1] 
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 (d) Fig. 16.2 shows how the speed, v of the hovercraft varies with time, t for part of its 
journey. 

 

 
Fig. 16.2 

 
  (i) State the acceleration of the hovercraft between t = 0 s and t = 2.5 s.  
    

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

 
[1] 

  (ii) Calculate the total distance travelled by the hovercraft in 4.5 s.  
    

 
 
 
 

  distance = ……………………… 
 

 
 
 
 
 

[2] 

  (iii) On Fig. 16.3, sketch how the distance travelled, d of the hovercraft varies 
with time, t. You are not required to make any calculations.  

 

    
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 16.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
 

  

v/ m/s 
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17 EITHER 
 
Fig. 17.1 shows an electrical circuit used to determine the resistance of an unknown fixed 
resistor, RT. Three fixed resistors of 100 Ω, 150 Ω and 450 Ω are used to provide varying 
resistance values, simulating the rheostat shown in the circuit diagram. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 17.1 
 
To obtain each resistance value recorded in the first column of Fig. 17.2, all three fixed 
resistors are used. The resistance values are varied by placing the three resistors in 
different arrangements. The switch is then closed and the corresponding voltmeter and 
ammeter readings are recorded. 
 
 

resistance / Ω voltage / V current / mA 
P 5.64 120.1 

213 2.14 46.4 
232 1.99 43.2 
510 0.97 21.6 
Q 0.71 16.1 

 
Fig. 17.2 

 

 

(a)  Given that P and Q respectively represent the smallest and largest possible 
resistance values obtainable, 
 

 

 (i) calculate P. 
 
 
 
 

 
P = ……………………… Ω  

 

 
 
 
 
 
 

[2] 

 (ii) calculate Q. 
 
 

Q = ……………………… Ω  
 

 
 
 

[1] 

  

RT 

A 

V 

three fixed resistors 
used to provide 
varying resistances 
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  (iii) Explain why the voltage measured across RT decreases as the resistance 
values in the first column of Fig. 17.2 increases. 
 
…………………………………………………………………………………….. 
 
…………………………………………………………………………………….. 
 

 
 
 
 
 

[1] 

  (iv) A student uses the results obtained for resistance of 232 Ω from Fig. 17.2 
to correctly estimate the value of the unknown resistor, RT.  
 
Calculate the resistance obtained by the student.  
 
 
 
 

resistance of RT = ………………………  
 

 
 
 
 
 
 
 
 

[1] 

  (v) Using your answer in part (iv), estimate the potential difference (p.d.) 
across the terminals of the batteries in the circuit. 
 
 
 
 
 
 
 

p.d across terminals of batteries = ………………………  
 

 
 
 
 
 
 
 
 
 

[2] 

 (b) Fig. 17.3 shows the I/V characteristic graph of two light emitting diodes (LED).  
 

 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 17.3 
 

 

  (i) Describe how I varies with V for LED B. 
 
…………………………………………………………………………………….. 
 
…………………………………………………………………………………….. 

 
 
 
 

[1] 
  

V / V 

I / mA 

LED A 

LED B 

50 

10 

20 

30 

40 

2.8 2.9 3.0 3.2 3.7 
0 

3.1 3.3 3.4 3.5 3.6 
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  (ii) Assume that all the power supplied is converted to light for both LED A and 
LED B.  
 
Determine which LED will be brighter at its maximum power dissipation. 
Show your working clearly. 
 
 
 
 
 
 
 
 
 
 
…………………………………………………………………………………….. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
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OR 
 
Fig. 17.4 represents the basic structure of a transformer. 
 

 
 

Fig. 17.4 
 

 

(a)  The secondary coil is connected to a lamp. When there is an alternating current in the 
primary coil, the lamp is lit. 
 
When there is a direct current in the primary coil, the lamp is not lit. 
 

 

 (i) State one way in which an alternating current differs from a direct current.  
   

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

 
 
 

[1] 

 (ii) Explain why the lamp is not lit when there is a direct current in the primary coil.  
   

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

 
 
 
 
 

[2] 

(b)  An alternating voltage of 240 V is applied to the primary coil and a voltage is induced 
in the secondary coil. The primary coil has 560 turns. 
 
Calculate the smallest number of complete turns in the secondary coil that would give 
an induced voltage of at least 8.0 V in the secondary coil. 
 

 

  
 
  
 
 
 
 
 
 

number of turns = ……………………… 
 

 
 
 
 
 
 
 
 
 

[2] 

~
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 (c)  A student determines the input and output power of the transformer and calculates 
the efficiency of the transformer. 
 

 

  (i) The student uses voltmeters and ammeters that measure alternating voltages 
and currents.  
 
On Fig. 17.4, draw two voltmeters and two ammeters that enable the input 
power and the output power of the transformer to be determined. 
 

 
 
 
 

[2] 

  (ii) State what is meant by efficiency.  
    

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

 
 
 
 
 

[1] 

  (iii) The current in the primary coil is 0.033 A. The current in the secondary coil is 
0.72 A and the output voltage of the transformer is 8.0 V. 
 
Calculate the efficiency of the transformer. 
 

 

    
 
 
 
 
 
 
 

efficiency = ……………………… 
 

 
 
 
 
 
 
 
 

[2] 

 

 

 

 

END OF PAPER 
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2019 Year 4A Physics Preliminary Exam Suggested Solution

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10
A B D A C B B D C A

Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20
D C D A A B D B A C

Q21 Q22 Q23 Q24 Q25 Q26 Q27 Q28 Q29 Q30
C B B B C B C C A D

Q31 Q32 Q33 Q34 Q35 Q36 Q37 Q38 Q39 Q40
B D A C D D A D B D

1 5.5 mm + 0.37mm = 5.87mm
5.87mm – (-0.04mm) = 5.91mm

2 a

b Angle of incidence = 55○

3 a

b Image is upright / Image is virtual

4 a 30 cm
b

2.8 = f (0.8)
f = 3.5 Hz

c X-rays, Gamma rays

5 a The pulse spreads out in all directions as it propagates across the room, not all of the first 
echo will be picked up by the microphone when it returns as the second echo.  

F F

thin converging lens

image
FFFFFFFFFFFFFFFFFFFF

immmmmagagagagagggagagagagagggagagagagggaggaggagggagggggggggggggggggggggeeeeeeeeeeeeeeeeeeeeeee
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OR
Some sound energy was absorbed by the medium as the pulse propagates and absorbed 
by the wall / microphone when the pulse hits.

b     
0

6 Float.
The volume of the container is larger than 235 cm3, hence the density is less than  
1.0 g cm-3.

7 ai The centre of gravity of any object is defined as the point through which its whole weight 
appears to act.

aii

b When displaced, the line of action of weight produces an anti–clockwise moment about the 
pivot to return it to its original position.

c Decrease the angle between the vertical and the satay stick.

8 a Work done is the product of the force applied and the distance moved by the object in the 
direction of the force.

b Word done against friction = GPE – KE
= mgh – ½ mv2

= (80)(10)(108) – ½ (80)(5.0)2

= 85400 J

9 ai kPa kPa
17 kPa = 4.5 × 

kg m

aii
cm

ecreaaaaaaaaaaaaaaaaaasesesesesesssssessesesssesessssssesesessessssese ttttttthtttttttt e 

WhWhWhWhWhWhWhWhWhWhWhWhWhWhWhWhWhWhhhhhhhhhhheneneneneneeeneneeeeeeeeeeneeneeeneeeeeeennn ddddddddddddddddddddddddisisiiiiiiiiiiiiiiiiiiiiiiiiiiiii plplplpppppplplpplplpplpllplppplplpllpppplppppppppppp acacacacacaccacaccccacccacacacccacacacaccccccccaacededededededededededededededddedededdededddddedddedddededdededddddd,, hthththththththththhhthththththhttththhththhththhhthhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee lilililiiliiliiiiiiiiiiiiiiinnnnenn  of f f acacacactitititionononon of weig
pivoooott t ttttttt tttttttt totototottttototototototototooootoootototoootoootoooooot rrrrrrrrrrrrreeeeteeeeeeeeeeeeee urrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ititititititititttttittitititiitttittittttttt totttttt  its ooooririririgiggg nanananal positi

annglglee bebettween

done is the
o
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bi Force acting per unit area.
bii Increased surface area for the weight of the excavators will cause the pressure with the 

ground to decrease, prevent excavator from sinking in the mud.

10 a The kinetic theory of matter states that the tiny particles that make up matter are always in 
continuous, random motion.

b Increase in average kinetic energy/ speed. Increase in collision frequency and average force 
per collision (against the walls of the container). Average force of collisions to increase.

11 a Sudden discharge may produce sparks, which can ignite the petrol.
b Earth the can and/or pipe.

12 a A1 has increased. Current has bypassed R1, effective resistance of circuit has decreased.
b 1 : 1

13 a Live
b Blue
c Provides a path of low resistance for current to flow through in the event the metal casing 

becomes live.
d Double insulation / The casing is insulated

14 a The particle must have a charge.
The charged particle must be moving.

b Electrons deflected, upwards.
No deflection to microwaves. 

15 a Q = m lv
m = (2.2 x 106) ÷ (2.4 x 106)
  ≈ 0.91667
  = 0.92 kg (2 sf) or 0.917 kg (3 sf)

b amt. of thermal energy retained in body in one hour = (3.3 – 2.2) x 106

= 1.1 x 106 J
Q = m c Δθ
Δθ = (1.1 x 106) ÷ (70 x 3400)

= 4.6 °C (2 sf) or 4.62 °C (3 sf)
c The body temperature in one hour during the race is already 37 + 4.6 = 41.6 °C. This is 

higher than the 40 °C where overheating may cause serious damage.
d Q = m lv

in 1 hour, m = (1.1 x 106) ÷ (2.4 x 106)
           = 0.45833 kg (5 sf)
in 4.5 hours, m = 4.5 x 0.45833
              ≈ 2.0625 (5 sf)
              = 2.1 kg (2 sf) or 2.06 kg (3sf)

t. of ffffffffffffffffff ththttttttttttttt ermamamamallll eneneneneeree gy ret

c Δθ

circ

r current to floooowwww w w w w w ww w w ww w ww w w w thththththththhththhththhhthhthhththththhhhhhhthhhhhththththththhhthhhtthhhthhhtthhhhthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhrorororororooororooooooroooooorooooorror uguguuguguguguuguuguguuuggugugugguguguguugugugggguguguuguguuguggguggugggggugugguguguggghhhh in thehehehe eeeeveveveventntntnt the me
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charged papaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaartrtttttttttttttttttticicicciccciciccccccccccleleleleleleleleleleleleleleeleeeeeeeeeeeeeeee must t bbe movvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnng.

Electrtrrrrrrrrrrrrrrtrrrtrtrrrtrrronnnnnnnnnnnnnnnnnnsss deddddddddddddd fleccccccccccccccccccccccccccccteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeed,, uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuupwpwpwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwararrrrrrrarrarrrdsdsdsdsdsdsddsdsdsdsdsddsdsdsdddddsdsdsddddddsddddssss..
Nooooooooooooooooooooooooooooooo ddddddddddddddddddddddeeeeeefee lectctctctctctctctctctctctctctioioooooiooooonn nnnnnnnnnnnn too mmmmmmmmmmmmmicicicicicicicicicicicicicicicicicrrowaaaaaaaaaaaaaaaaaaaaaaaaaaaaavevevevevevevevevevevevevevevvevevvvvvvvvvvvvvvvvvvv sss.s.s.s.s.s.sssssssss.s.s.s.s.....s.s.ss  

QQQQQQQQ ================= mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm llllllllvvvlll
m mmmmmmmmmmmmmmmmm ================= (2.2 x 1006) ) ÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷ (2(2(2(2(2(2(2(2(2(22(2(222(2(2(2(22(2(2((2(2(22((((2(2(2((((2(2((( .4.444.4.444.4444.4.4. xxxxxxxxxxxx 111111111111100000000000000000000000000000000000000000006)

≈≈ 0.0.000000.00.00.0.0.00.0.0.0.0.000000000 91999919191919191999191999 666666666666666666666666666666666666666666666666666666666666 777777777777777777777777777777777
= 0.00.00.0.0.000000.000.00.92999929929292929292929929299292999999999999999 kkkkkkkkkkkkkkkkg g gggggggggggggggg ggggggggg ggggggggggg (2(2(2(2(2(2(2(2(22(2(22(2(2(2(222222(2222(((  sf) or r r r 0.0.0.0.919191917 77 kg (3

www.KiasuExamPaper.com 
239



2019 DHP Physics Year 4A Preliminary Exam                        4

e total amt. of water lost in 4.5 hours = (0.91667 x 4.5) + 2.0625
                               ≈ 6.1875 kg (5 sf)
level of dehydration = (6.1875 ÷ 70) x 100%
                  = 8.8% (2 sf) or 8.84% (3 sf)
or                = (6.1875 ÷ 63.8125) x 100%
                  = 9.7% (2 sf) or 9.70% (3 sf)  
He will experience severe dehydration.

16 a Fresultant = ma
a = (22000 – 2000) / 25000
  = 0.80 m s-2 

b As the speed of the hovercraft increases, the air resistance acting on it increases.
When the air resistance equals the forward force, resultant force is zero.

c The propellers exert a force on the air in the backward direction which results in a force by 
the air on the propellers in the forward direction.

di Acceleration is zero or 0 m/s2.
ii Distance = Area under the speed – time graph

         = (12.5)(2.5) + (5.0)(2.0)
         = 41.25 m

iii

p

17
Eith
er

ai

P = 53 Ω
aii Q = 700 Ω
aiii As effective resistance increases, the current drawn decreases. For a fixed resistor RT, the 

potential difference across the fixed resistor will decrease.
aiv RT = 1.99 ÷ (43.2 x 10-3) = 46.1 Ω
av Total resistance = 232 + 46.1 = 278.1 Ω

p.d across batteries = 278.1 × 0.0432 = 12.0 V
bi I = 0 A up till V = 2.9 V, thereafter, I increases non-proportionally with V.
bii) LED A will be brighter.

PA = 45 x 3.54 = 159.3 mW; PB = 33 x 3.7 = 122.1 mW

Or ai a.c. changes direction or changes polarity / from positive to negative continually.
ii There is no change in magnetic flux and hence, no induced voltage / current in the secondary 

coil.

ective resi

pppppppppppppppppppppppppppppppppppppppp

= 5333333333333333333 ΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩΩ
700 ΩΩ

d

er
n which r

ph
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b Ns = Vs / Vp x Np

= 8.0 / 240 x 560
= 19 (whole no.)

ci Ammeters in series with each coil;
Voltmeters in parallel with each coil

ii It is the ratio (or percentage / proportion / fraction) of useful output power (or energy) to input 
power (or energy)

iii Efficiency = (0.72 x 8.0) / (0.033 x 240) x 100%
         = 73% (2 sf) or 72.7% (3 sf)
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