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Section A 

There are 33 questions.  Questions marked with * involve knowledge of the extension 

component. 

 

1. A microwave oven is used to heat up 0.2 kg of water at 20 C.  Energy is transferred to 

the water at a constant rate of 800 W.  How long does it take to boil away all the water 

in the glass? 

 (The specific latent heat of vaporization of water is 1kg kJ 2602  . The specific heat 

capacity of water is 11 C kg J 4200   .) 

 

A. 84 s 

B. 565 s 

C. 649 s 

D. 724 s 

 

2. The separation between the 10 C and 110 C marks on a mercury-in-glass thermometer 

is 20 cm.  When the thermometer is put in a liquid of temperature T, the mercury thread 

is 10 cm above the 0 C mark.  The temperature T is  

 

A. 50 C. 

B. 55 C. 

C. 58 C. 

D. 60 C. 

 

3. As shown below, hot water at 65 C and cold water at 25 C are mixed before leaving the 

tap.  Suppose the water leaving the tap is at 35 C and flows at a rate of 0.3 L s1. What 

is the rate at which the hot water flows into the tap? 

 
A. 0.075 L s1 

B. 0.092 L s1 

C. 0.138 L s1 

D. 0.150 L s1 

tap hot water (65 C) cold water (25 C) 

warm water  

(35 C, 0.3 L s1) 
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4. A liquid is heated at power P which changes with time t as shown. 

 

 

 

 

 

 

 

 Assume that the liquid does not change to gas until t = t2.  Which of the following 

graphs best shows the variation of the temperature T of the liquid with time t? 

 A. 

 

B. 

 

 C. 

 

D. 

 

*5. Two vessels X and Y, which contain the same kind of ideal gas at the same temperature, 

are connected by a tap which is initially closed.  The volume and pressure of the gas in 

the vessels are listed as follows: 

 

 

 

 

 When the tap is opened, what will be the final pressure in the vessels if the volumes of the 

vessels and the temperature of the gas are constant throughout the process? 

 

A. 3.42  105 Pa 

B. 3.50  105 Pa 

C. 3.65  105 Pa 

D. 3.83  105 Pa 

Vessel Pressure / Pa Volume / m3 

X 4  105 1.3  10–2 

Y 3  105 7  10–3 

T 

t 
t1 t2 

0 

T 

t 
t1 t2 

0 

T 

t 
t1 t2 

0 

T 

t 
t1 t2 

0 

P 

t 
t1 t2 

0 
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6. Which of the following about a uniformly accelerating object MUST be correct? 

(1) The object is speeding up. 

(2) The velocity of the object is changing. 

(3) The object is moving in the same direction. 

 

A. (1) only 

B. (2) only 

C. (1) and (3) only 

D. (2) and (3) only 

 

 

7. A block of mass m is held at rest at P by a string OP making an angle θ with the vertical 

and a horizontal string NP as shown in the figure below.  The tension in OP is TP.  

When the string NP is cut, the block will swing to position Q where OQ also makes an 

angle θ with the vertical.  The tension in OP is TQ.  Which of the following gives the 

values of TP and TQ. 

 

 TP TQ 

A. 
cos

mg


 cosmg   

B. 
cos

mg


 

cos

mg


 

C. cosmg   
cos

mg


 

D. cosmg   cosmg   

 

8. Two blocks, A and B, of mass 3 kg and 2 kg respectively, are moving together on a 

rough horizontal surface as shown in the figure below.  The friction acting on each 

block is 2 N.  Find the force acting on A by B. 

 

A. 2 N 

B. 0.8 N 

C. 0.4 N 

D. 0 N 

 

 

θ θ 

P Q 
N 

O 

A 
B 

direction of motion 
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9. A car of mass 1000 kg is moving up a slope from rest.  The car arrives at the top of the 

slope, which is 30 m from the ground level, with a speed of 10 m s-1 in 40 s.  Find the 

average power output of the car.  Neglect air resistance and friction. 

 

A. 8610 W 

B. 7360 W 

C. 6349 W 

D. 1250 W 

 

 

10. A bob of mass 4 kg is originally moving at 6 m s-1 towards the left.  It experiences a 

force F pushing it towards the right for 10 s.  The variation of the force F and time t is 

shown in the graph below.  What is the speed of the bob after 10 s? 

 

 

A. 16 m s-1 

B. 12 m s-1 

C. 8 m s-1 

D. 4 m s-1 

 

 

 

 

*11. A ball is projected horizontally from the top of a building at 20 m s1.  Assume that there 

is no air resistance.  What is its vertical speed 5 s later? 

 

A. 20 m s1 

B. 49.1 m s1 

C. 100 m s1 

D 223 m s1 

 

30 m 

F / N 

0 
t / s 

5 

6 10 
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*12. A projectile is projected with speed v at an angle 30o above the horizontal, and its  

kinetic energy is E.  Express the kinetic energy of the projectile in terms of E when it 

is at one-third of its maximum height of flight. 

 

A. 
5

6
E  

B. 
25

36
E  

C. 
11

12
E  

D. 
121

144
E  

 

 

*13. A satellite turns around a planet in a circular orbit with period T.  If the distance between 

the satellite and the centre of the planet is three times its original value, the period will 

become 

 

A. T 

B. 3T 

C. 5.20T 

D. 9T 
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14. The figure below shows the image formed in a plane mirror.   

 

 

 

 

 

 

 Which of the following correctly shows the object? 

 

A.  

 

B.  

 

C.  

 

D.  

 

 

15. Ken is standing at P looking at the image of a cat standing x m in front of a wall as 

shown in the figure below.  What is the limit of x for the image of the cat to be seen by 

Ken? 

A. at least 3 m 

B. at most 3 m 

C. at least 1.5 m 

D. at most 1.5 m 

mirror wall 

1 m 

P 

2 m 

cat 

1.5 m 

x 

object 

mirror 
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16. A light ray is incident on a equilateral triangular glass prism (refractive index 1.6) 

immersed in water (refractive index 1.33) as shown in the figure below.  Which light 

ray best represents the emergent ray? 

 

 

 

 

 

 

 

 

 

 

 

 

A. p 

B. q 

C. r 

D. s 

 

17. The figure below shows an image when viewing through a spherical lens.  

 

 

 

 

 

 

 

 

 Which of the following statements are INCORRECT?  

(1) The lens used is convex lens. 

(2) The image is real, upright and diminished. 

(3) The image can be formed on a screen. 

 

A. (1) and (2) only 

B. (1) and (3) only 

C. (2) and (3) only 

D. (1), (2) and (3) 

incident ray 

p 

q 

r 

s 

water 

glass 
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18. The figure below shows a water wave travelling to the right in a water tank of uniform 

depth.  It is diffracted when it passes an obstacle. 

 

 

 

 

 

 

 

 Which of the following physical quantities of the water waves in regions X and Y are 

the same? 

(1) wave speed 

(2) amplitude 

(3) frequency 

 

A. (1) and (2) only 

B. (1) and (3) only 

C. (2) and (3) only 

D. (1), (2) and (3) 

 

 

19. The figure below shows two coherent sources, S1 and S2, separated by 10 cm.  They 

are vibrating at 2.5 Hz and producing water wave of speed 5 cm s-1.  AB is a line 

joining S1 and S2.  How many points of zero displacement can be found along AB? 

 

 

 

 

A. 4 

B. 6 

C. 8 

D. 10 

 

A B 
S1 S2 

10 cm 

region X 
region Y 
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20. A monochromatic light of wavelength 520 nm is incident normally on a diffraction 

grating of y lines per mm as shown in the figure below.  The angle subtended by the 

two second order bright fringes is 55.8o.  Find the value of y. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. 225 

B. 398 

C. 450 

D. 795 

 

 

21. Which of the following about audible sound and ultrasound MUST be correct? 

(1) Both ultrasound and audible sound are longitudinal waves. 

(2) Ultrasound has higher frequency than audible sound. 

(3) Ultrasound carries more energy than audible sound. 

 

A. (1) and (2) only 

B. (1) and (3) only 

C. (2) and (3) only 

D. (1), (2) and (3) 

 

zeroth order 

bright fringe 

second order 

bright fringe 

second order 

bright fringe 

monochromatic light 

of wavelength 520 nm 

55.8o 

diffraction grating 
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22. A proton and an electron are placed between two parallel charged plates as shown.  

Initially, the proton is at rest at the positive plate (lower plate) and the electron is at rest at 

the negative plate (upper plate).  Neglect the effect of gravity and the electrostatic forces 

between the proton and the electron.  Which of the following statements is/are correct 

when the proton and the electron reach the opposite plates? 

 

 

 

 

 

 

 

(1) The momentum of the electron is larger in magnitude than that of the proton. 

(2) The electron has a smaller speed than the proton. 

(3) The electron and the proton have equal kinetic energy. 

 

A. (3) only 

B. (1) and (2) only 

C. (1) and (3) only 

D. (1), (2) and (3) 

 

23. Four identical lamps are connected as shown.  Assume the internal resistance of the dry 

cell is negligible. 

 

 

 

 

 

 

 If the filament in L3 is burnt, which of the following will happen? 

(1) L1 becomes dimmer. 

(2) L2 becomes dimmer. 

(3) L4 becomes brighter. 

 

A. (1) only 

B. (2) only 

C. (1) and (3) only 

D. (2) and (3) only 

 

– 

+ 

– 

+ 

electron 

proton 

L1 
L2 

L3 

L4 

 

 

 

 
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24. Six identical light bulbs are connected as shown. The internal resistance of the dry cell is 

negligible. 

 
 When the switch is open, the potential difference across bulb P is Vo.  What is the 

potential difference across bulb P when the switch is closed? 

 

A. 0.5Vo 

B. 0.75Vo 

C. Vo 

D. 1.5Vo 

 

 

25. A kettle operating at 1200 W takes 15 minutes to boil 3 kg of water.  

 
 Suppose electrical energy costs $1.1 per kW h.  Estimate the cost of boiling 1-kg water 

by this kettle. 

 

A. $ 0.09 

B. $ 0.11 

C. $ 0.33 

D. $ 0.99 

 

P 
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26. A kettle of rated value ‘220V, 1500W’ is connected to a sinusoidal a.c. power supply.  If 

the average power consumption of the kettle is 1000 W, find the peak value of the voltage 

across the kettle. 

 

A. 127 V 

B. 180 V 

C. 194 V 

D. 254 V 

 

 

*27. A transformer works at an efficiency of 80%.  The primary voltage is 100 V and the 

turns ratio is 20 : 1.  If the resistance of the secondary circuit is 50 , what is the primary 

current? 

 

A. 5 mA 

B. 6.25 mA 

C. 10 mA 

D. 2 A 
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28. In the generator shown below, the coil rotates at a constant speed. A resistor is connected 

to the generator.  

 
 Which of the following graphs best shows the power dissipated in the resistor? 

 

A. 

 

B. 

 

C. 

 

D. 

 

 

power 

time 

resistor 

N S 

power 

time 

power 

time 

power 

time 
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29. A light rod has a coil of insulated copper wire fixed at one end and is pivoted at the other 

end.  The result is a pendulum which is free to swing back and forth. A magnet is placed 

underneath this pendulum.  The arrangement is shown in the diagram.  The pendulum 

is pulled back and then allowed to swing.  If air resistance is negligible, which of the 

following would cause the pendulum to come to rest most quickly? 

 

 

 

 

 

 

 

 

 

 

 

A.  Replacing the magnet with a stronger one 

B.  Shortening the pendulum 

C.  Replacing the rod with a heavier one 

D.  Connecting the ends of the coil by a piece of copper wire 
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30. Two straight metal rods, P and Q, have the same length.  They are each pivoted at one 

end and rotated with the same angular velocity so that they sweep out horizontal circular 

paths as shown in diagrams X and Y.  A constant current I is flowing along each rod as 

shown. In diagram X, a constant magnetic field is applied perpendicular to the plane of 

the circular path.  In diagram Y, a uniform magnetic field of the same magnitude is 

applied in the plane of the circular path.  

 

 

 

 

 

 

 

 

 

 

 

 Which of the following statements about the forces acting on rod P and rod Q is correct? 

 

A.  The magnitude of the magnetic force on P is exactly the same as the magnitude of 

the magnetic force on Q at all times. 

B.  The magnitude of the magnetic force on P is constant and the magnitude of the 

magnetic force on Q is zero. 

C.  The magnitude of the magnetic force on P is constant and the magnitude of the 

magnetic force on Q varies with time. 

D.  The magnitude of the magnetic force on P varies with time and the magnitude of 

the magnetic force on Q is constant. 
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31. In the following figure, a trapezium-shaped metal coil moves at a constant velocity 

across a uniform magnetic field pointing out of page. 

 

 

 

 

 

 Which of the following graphs best shows the variation of the induced current I in the 

coil with time t? The clockwise direction is taken as positive. 

 

 A. 

 

B. 

 

 C. 

 

D. 

 

 

 

*32.  The fission of one atom of uranium-235 (U-235) generates 202.5 MeV of energy. 

Suppose that a power plant consumes 0.5 kg of U-235 each hour and its efficiency in 

converting the nuclear energy into electrical energy is 30%.  Estimate its power output. 

  Given: molar mass of U-235 = 235 g 

 

A. 1.24 GW 

B. 3.46 GW 

C. 6.92 GW 

D. 11.5 GW 

 

I 

t 0 

I 

t 0 

I 

t 0 

I 

t 0 

       

       

       

       
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*33. The decay constant of a radioactive sample is 3  104 s1.  The sample initially consists 

of 99% of undecayed nuclides.  How long does it take for the percentage of the 

undecayed nuclides in the sample to decrease to 1%? 

 

A. 38.5 minutes 

B. 4.17 hours 

C. 4.25 hours 

D. 62.9 hours 

 
 
 
 

END OF SECTION A 
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Answer ALL questions.  Parts marked with "*" involve knowledge of the extension 

component.  Write your answers in the spaces provided. 

 

*1. A student conducts an experiment to verify Boyle’s law. The temperature of the gas is 

kept at 20 C.  Figure 1a shows the pV graph that the student obtains. 

 

 

 

 

 

 

 

(a) Find the number of mole of the gas used in the experiment. (2 marks) 

  

  

  

  

(b) The experiment is repeated at 40 C with the same mass of gas.  Find the pressure 

of the gas when its volume is 50 cm3. (1 mark) 

  

  

  

(c) In Figure 1b, sketch the graphs of p against 
V

1
 for T = 20 C and 40 C.  

   (2 marks) 

 

 

 

 

 

p / kPa 

V / cm3 

50 

150 
Figure 1a 

Figure 1b 

p / kPa 

V

1
 

0 / cm3 
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2. Some melting ice at 0 C is added into a glass of hot water of mass 1 kg.  Figure_2 

shows how the temperature T of the water in the glass changes with time t.  It is given 

that the specific latent heat of fusion of ice is 3.36 105 J kg-1. 

 

 

 

 

 

 

 

(a) Mark with letter ‘P’ in Figure 2 the instant when the melting ice is added into the 

hot water. (1 mark) 

 

(b) Estimate the room temperature. (1 mark) 

  

(c) Why should the water be stirred throughout the process? (1 mark) 

  

  

(d) Estimate the mass of the melting ice added into the hot water. Neglect the energy 

loss to the surroundings during mixing. (2 marks) 

  

  

  

  

  

  

T / C 

t / s 0 

20 

90 

45 

80 
Figure 2 
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3. Block X, of mass 3 kg, is placed on a rough horizontal table.  It is connected to block Y 

of mass 2 kg by a light inextensible string through a smooth pulley as shown in Figure 3a.  

Block Y is initially 1.5 m above the ground.  At time t = 0, the two blocks are released 

from rest, and block Y reaches the ground after 1 second. 

 

 

 

 

 

 

 

 

 

(a) Show that the acceleration of Y is 3 m s-2 when it is falling. (1 mark) 

  

  

  

(b) Find the friction acting on block X when block Y is falling. (3 marks) 

  

  

  

  

  

  

(c) Describe the subsequent motion of block X after block Y reaches the ground. 

   (1 mark) 

  

  

  

Figure 3a 

X 

Y 

1.5 m 
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Answers written in the margins will not be marked. 
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(d) Sketch the velocity-time graph of block X in Figure 3b from t = 0 to the time 

when it comes to a stop.  Add significant values on the axes and show your 

calculation below. (4 marks) 

  

  

  

  

  

  

 

 

 

 

 

 

 

 

Figure 3b 

0 

v / m s-1 

t / s 
1 
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Answers written in the margins will not be marked. 
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4. A uniform ladder AB of length 4 m and mass 10 kg leans against a smooth wall and 

rests on a rough ground as shown in Figure 4.  The angle between the ladder and the 

ground is 60o.  A man of weight 500 N stands on the ladder at C which is 0.75 m 

above the ground. 

 

 

 

 

 

 

 

 

 

 

 

(a) In the figure below, draw a free body diagram to show all forces acting on ladder 

AB. Label the forces carefully. (2 marks) 

 

 

 

 

 

 

 

 

 

 

 

(b) Find the force acting on the ladder by the wall. (3 marks) 

  

  

  

  

  

  

B 

A 

C 

Figure 4 

60 B 

A 

C 

0.75 m 

Wall 

Ground 
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(c) As the man climbs up the ladder, how do the following quantities change?  

Briefly explain your answer. 

(i) Force acting on the ladder by the wall. (2 marks) 

  

  

  

  

  

(ii) Vertical force acting on the ladder by the ground. (2 marks) 
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*5. You are provided with a small metal cube of known mass, a plastic ruler and an 

electronic turntable (the number of revolution per second (n) can be adjusted and is 

known).  Describe an experiment to find the friction between the metal cube and the 

surface of the turntable. (5 marks) 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

small metal cube 

of known mass 
plastic ruler electronic turntable 
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6. An object MN is placed in front of lens L.  The following ray diagram shows how a light 

ray from the object is refracted by L. 

 

 

 

 

 

 

 

 

 

(a) Is lens L a convex or a concave lens?  Briefly explain your answer. (2 marks) 

  

  

  

  

(b) By adding suitable light rays in figure 6, find the image of MN.  Label the image 

M’N’. (2 marks) 

 

(c) What is the focal length of lens L? (1 mark) 

  

*(d) If MN is placed 80 cm from L, find the linear magnification of the image.  

   (3 marks) 

  

  

  

  

  

  

Figure 6 
M 

N 
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7. The wavelength of some water wave reduces from 3 m to 2 m when the wave travels 

from region A to region B as shown in figure 7a.   

 

 

 

 

 

 

 

 

(a) Name this wave phenomenon. (1 mark) 

  

(b) Which region, A or B, is the deeper region? (1 mark) 

  

(c) The water waves now travels from region A to region B in a direction 50o to the 

boundary as shown in Figure 7b.   

 

 

 

 

 

 

 

 

 

 

 Find the angle of refraction at region B. (3 marks) 

  

  

  

  

  

  

Figure 7a 

50o 

Region A Region B 

Figure 7b 

3 m 2 m 

Region A Region B 
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8. Figure 8 shows how the wavelength of a monochromatic light can be measured by 

interference.  Alternate bright and dark fringes are seen on screen PQ, which is 2 m 

away from the double slits S1 and S2.   

 

 

 

 

 

 

 

 

(a) Explain the presence of alternate bright and dark fringes along PQ. (2 marks) 

  

  

  

  

(b) The distance between two consecutive dark fringes is 1.2 cm.  Find the 

wavelength of the monochromatic light used. (2 marks) 

  

  

  

  

(c) If a glass block is placed in front of S2, explain any change in the position of the 

zeroth order bridge fringe and the fringe separation. (3 marks) 

  

  

  

  

  

  

monochromatic 
light source 

single-slit 
double-slit 

2 m 

 0.1 mm 
S1 

S2 

Q 

P 

Figure 8 
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9. In figure 9, two long parallel metal plates are separated by 2 cm and the voltage across 

them is 220 V.  At time t = 0, a small neutral object is released from rest midway 

between the plates and it explodes into two small fragments X and Y at the same time.  

Under the influences of the electric field and gravity, X follows a parabolic path and Y 

moves rightwards at 2 m s–1 along a horizontal path.  After a while, X hits the lower 

plate.  The masses of X and Y are 5 g and 8 g respectively. Neglect the electrostatic 

forces between X and Y. 

 

 

 

 

 

 

(a) Find the electric field strength between the parallel plates. (2 marks) 

  

  

  

  

  

(b) State the sign of the charge carried by Y.  Calculate the magnitude of charge 

carried by Y. (3 marks) 

  

  

  

  

  

  

  

  

 

X Y 
2 m s–1 220 V 

+ 

– 

2 cm Figure 9 
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(c) Find the speed of X just after the explosion. (2 marks) 

  

  

  

  

  

  

(d) Consider the motion of X after the explosion and before it hits the lower plate. 

(i) Find the acceleration of X. (2 marks) 

  

  

  

  

  

(ii) When does X hit the lower plate?  (2 marks) 
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10. Read the following description about nominal capacity of a battery and answer the 

questions that follow. 

 

 A mobile phone battery has a rated voltage of 3.8 V.  Its nominal capacity is 1800 mA h. 

 

(a) Find, in coulombs, the total amount of charge that flow through the battery if it is 

fully discharged at the rated voltage. (2 marks) 

  

  

  

(b) Find the maximum amount of energy stored in the battery.  (2 marks) 

  

  

  

(c) The manufacturer claims that the mobile phone can play music for 50 hours if fully 

charged.  Estimate the current flowing through the phone when it is playing music.

  (2 marks) 

  

  

  

 Information such as e.m.f. and nominal 

capacity can usually be found on labels of 

rechargeable cells and batteries. 

 

 The nominal capacity of a cell or battery is the total amount of charge which flows 

through it when it goes from fully charged to fully discharged at the rated voltage. 

It is usually measured in milliampere-hours (mA h).  As shown in figure 10, a 

battery rated at 2000 mA h can maintain a current of 200 mA for 10 hours or a 

current of 500 mA for 4 hours.  If both the nominal capacity and the operating 

current of a device are known, we can estimate how long the battery can power a 

device before it needs to be recharged. 

Figure 10 
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11. In Figure 11a, a copper rod XY of mass 35 g placed on a pair of smooth parallel metal 

rails making an angle of 30° to the horizontal plane.  The rod is perpendicular to the 

rails, which are 20 cm apart.  An upward magnetic field of magnitude 100 mT is 

applied on the set-up.  A voltage is applied across the rails so that a current flows 

through the copper rod and the rod remains stationary on the rails. 

 

 

 

 

 

 

 

 

(a) Mark in Figure 11a the direction of current in the rod. (1 mark) 

 

(b) In Figure 11b, draw all the forces acting on the rod as seen from the observer.  

Label the forces carefully. (2 marks) 

 

 

 

 

 

 

 

 

(c) Find the magnitude of the current in the rod. (3 marks) 

  

  

  

  

  

  

  

  

Figure 11b 

 

30° 

Figure 11a 

 

X Y 

30° 30° 

magnetic field 

copper rod rails 

observer 
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12. Radioactive iodine-131 (I-131) is used to cure thyroid cancer. After a patient takes in 

I-131, it concentrates in the thyroid gland and emits radiation that can destroy the 

cancer cells.  An I-131 nucleus has 53 protons.  It emits a β particle to form a xenon 

(Xe) nucleus which becomes stable after emitting  radiation. 

(a) The half-life of I-131 is 8.02 days.  Find its decay constant. (1 mark) 

  

  

(b) Write down the nuclear equation in the β-decay process of I-131. (2 marks) 

  

  

(c) Radiation detectors are installed in some airports in order to identify nuclear 

terrorism.  The detectors are extremely sensitive and can detect activity as low as 

37 kBq.  The airport alarms can be triggered by a patient who has received I-131 

therapy up to 95 days ago. 

(i) Explain why the detectors can detect the radiation emitted by the source 

inside the patient’s body. (1 mark) 

  

  

(ii) Estimate the activity of the I-131 inside the patient’s body just after the 

therapy.  State your assumption in the calculation. (3 marks) 

  

  

  

  

  

(iii) Hence, estimate the number of I-131 nuclei received by the patient during the 

therapy. (1 mark) 

  

  

  

END OF PAPER 


