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Any rough working should be done in this booklet. 
The use of an appropriate scientific calculator is expected, where appropriate. 

 
  

 

This document consists of 14 printed pages. 



2 

© Raffles Institution  

Data 
speed of light in free space c   3.00 × 108 m s1 
permeability of free space 

0   4  107 H m1 

permittivity of free space 
0   8.85 × 1012 F m1 

   (1/(36)) × 109 F m1 
elementary charge e   1.60 × 1019 C 
the Planck constant h   6.63 × 1034 J s 
unified atomic mass constant u   1.66 × 1027 kg 
rest mass of electron me   9.11 × 1031 kg 
rest mass of proton mp   1.67 × 1027 kg 
molar gas constant R   8.31 J K1 mol1 
the Avogadro constant NA   6.02 × 1023 mol1 
the Boltzmann constant k   1.38 × 1023 J K1 
gravitational constant G   6.67 × 1011 N m2 kg2 
acceleration of free fall g   9.81 m s2 

 

Formulae 

uniformly accelerated motion s  21
2ut at   

 2v   2 2u as  

work done on/by a gas W  p V  

hydrostatic pressure p  ρgh 

gravitational potential   Gm r  

temperature T/K  / C 273.15T    

pressure of an ideal gas p  21

3

Nm
c

V
 

mean translational kinetic energy of an ideal gas molecule E 
3

2
kT  

displacement of particle in s.h.m. x 
0 sinx t  

velocity of particle in s.h.m. v  0 cosv t 2 2
0x x    

electric current I  Anvq 

resistors in series R  1 2 ...R R   

resistors in parallel 1/R  1 21 1 ...R R   

electric potential V 
4

Q

r
 

alternating current/voltage x 
0 sinx t  

magnetic flux density due to a long straight wire B  0

2 d




I
 

magnetic flux density due to a flat circular coil B  0

2

N

r

 I
 

magnetic flux density due to a long solenoid B  0n I  

radioactive decay x   0 expx t  

decay constant  
1

2

ln2

t
 

 



3 

© Raffles Institution                                                [Turn over

1 In an experiment to determine the density of a sphere, the following measurements are made. 
 mass =  80 2 g 

 diameter =  4.0 0.1 cm 

 
How should the value of density of the sphere be expressed? 

   
 A 3(2.4 0.1) g cm   

   
 B 3(2.4 0.2) g cm  
   
 C 3(2.4 0.4) g cm  

   
 D 3g(  2 2) cm  

 
 
2 The diagram shows the variation with time t of the velocity v of an object moving along a straight 

line. The intial displacement of the object is zero. 
  

 
 
 
 
 
 
 
 

 Which graph shows the variation with time t of the displacement s of the object? 
  
  A  B 
  

 

 

 
     
  C  D 
  

 

  

 

s s 

t t 

t 

t1 t2 t3 t1 t2 t3 

t1 

v 

t 
t1 t3 t2 

0 

t2 t3 0 

0 

s 

0 

s 

t 
t1 t2 t3 

0 
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3 An object moves in the x-y plane. The graph on the left shows the variation with time t of the  
y-component of its momentum py and the graph on the right shows the variation with t of the  
x-component of its displacement sx. 
 
 
 
 
 
 
 
 
 
 
 
Which statement describes the motion of the object? 

   
 A It is moving in a circular path. 
   
 B It is moving in a parabolic path. 
   
 C It is moving with simple harmonic motion. 
   
 D It is moving with constant velocity in a straight line. 
 
 
 
 
 
4 A body is acted upon by a resultant force F for a duration of 4.0 s. The graph below shows the 

variation with time t of F. 
 
 
 
 
 
 
 
 
 
 
 
Assuming that the body is moving in a straight line, what is the change in momentum  
of the body? 
 

 A 2.0 N s B 2.8 N s C 4.0 N s D 14 N s 
 
 
  

py 

t 0 

sx 

t 0 

F / N

t / s 0 

8.0 

 6.0 

4.0 
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5 The figure below shows a light wall-mounted shelf supported by a strut. The shelf experiences 
a force F due to the strut along the axis of the strut, as well as a force R due to the wall. A 
stack of Physics Revision Packages of weight W is placed near the edge of the shelf. 

 

 
 Which vector diagram correctly shows the forces acting on the shelf? 
  
  A  B 
  

 

 

 
     
  C  D 
   

 
 
6 A uniform plastic block with a light balloon attached to its centre is supported by a spring that is 

fixed to the bottom of a tank. The tank is completely filled with water of density 1000 kg m–3 as 
shown. 
 
The block is in equilibrium and has a weight of 60 N and a volume of 5.0  103 m3. The spring 
has a spring constant of 5000 N m–1. The balloon displaces 0.015 m3 of water.  

  
 
 
 
 
 
 
 
 
 
 
 
 

 What is the extension of the spring? 
  
 A 0.0076 m B 0.017 m C 0.027 m D 0.051 m 
 
 

F 

strut 

shelf 

wall Physics 1 

Physics 2 

Physics 3 

F

R

W F

R

W

F 

R

W

F 

R

W

water 

tank 

balloon 

block 

spring 
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7 A motor is used to lift a load of mass 0.80 kg vertically upward at an acceleration of 1.0 m s2 
for a distance of 2.0 m. The efficiency of the motor is 60%. 
 
What is the electrical energy supplied to the motor in performing this task? 
 

 A 2.7 J B 17 J C 26 J D 29 J 
 
 
 
 
8 A toy car of mass 0.22 kg is released from rest and runs down a smooth curved surface 

through a vertical distance of 0.40 m, as shown. It strikes a horizontal spring of force constant 
350 N m1 and compresses it by a distance x before coming to rest. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Assuming no losses in mechanical energy, what is the value of x? 
  
 A 4.9  103 m B 6.2  103 m C 3.5  102 m D 7.0  102 m 
 
 
 
 
9 The capsules in the Singapore Flyer move in a circle of radius 75 m with an average period of 

30 minutes.  
 
What is the centripetal acceleration of the capsules?  

  
 A 9.1  104 m s2 B 0.26 m s2 C 3.3 m s2 D 9.8 m s2 
 
 
 
  

0.40 m 
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10 A body of mass m moves in uniform circular motion with radius r, linear speed v and angular 
speed .  
 
Which change does not affect the value of the centripetal force on the body? 

  
 

A Mass of body is decreased to 
2

m
. 

   
 

B Radius is increased to 2r and angular speed is decreased to 
2


. 

   
 

C Radius is decreased to 
2

r
 and linear speed is decreased to 

2

v
. 

   
  

D Linear speed is decreased to 
2

v
, angular speed is increased to 2 and radius is 

decreased to 
4

r
. 

 
 
 
11 The Earth may be considered to be a uniform sphere of mass M and radius R. An apple of 

mass m falls from rest from a height h to the ground, where h << R such that the gravitational 
field strength g experienced by the apple during its fall may be assumed to be constant. 
 
What is the gain in kinetic energy of the apple? 
 

 A mgR 
   
 

B 2

GMmh

R
 

   
 

C 
GM GM

R R h



  

   
 

D 
GM GM

m
R h R

   
 

 
 
 
12 An object has weight W on the surface of the Earth.  

 
The radius of Mars is 0.50 times that of the Earth.  
The density of Mars is 0.70 times that of the Earth. 
 
What is the weight of the object on the surface of Mars? 
 

 A 0.35 W B 0.50 W C 0.70 W D 2.8 W 
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13 A horizontal plate is oscillating vertically in simple harmonic motion at a frequency of 3.2 Hz.  
 
What is the maximum amplitude of oscillation such that a coin placed on the plate will always 
remain in contact with the plate? 

  
 A 0.024 m B 0.15 m C 0.49 m D 0.96 m 
 
 
 
 

14 In the derivation of the relationship 21

3
pV N m c  , where N is the number of gas molecules, 

which statement is not an essential assumption? 
   
 A The average kinetic energy of a molecule is proportional to the temperature of the gas. 
   
 B The volume of molecules is negligible compared with the volume occupied by the gas. 
   
 C The molecules exert no intermolecular forces on one another except during collisions. 
   
 D The molecules are in continuous random motion.  
 
 
15 A fixed mass of ideal gas undergoes a contraction in volume from 80  103 m3 to 40  103 m3 

at a constant pressure of 25 kPA. During this contraction, 2500 J of heat is removed from the 
gas.  
 
What is the change in internal energy of the gas? 

  
 A 3500 J B 1500 J C 1500 J D 3500 J 
 
 
 
16 A beam of vertically polarised light of intensity I0 is incident on a polariser P. The axis of 

polarisation of P is initially at an angle  from the vertical. Light after passing through P has an 

intensity I. The ratio 
0

I

I
is 0.25. 

 
 
 
 
 
 
 
 
 
 
P is rotated 30 clockwise such that the axis of polarisation is now  +30 from the vertical. 
 

What is the new ratio 
0

I

I
? 

  
 A 0  B 0.27 C 0.75 D 0.87 
  

I 0 I polarized light 

 

polarizer P 

clockwise 
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17 Light waves from a particular point source travel without the loss of energy. At various 
distances from the source, the intensity and amplitude of the light are measured. 
 
The following graphs illustrate the relationship between these quantities. 
 
 
 
 
 
 
 
 
 
 
 
Which row of the table below shows what the variables P, Q, R and S represent? 
 

  P Q R S 
 A amplitude distance intensity amplitude 

 B amplitude distance intensity (amplitude)2 

 C intensity (distance)2 intensity amplitude 

 D intensity amplitude intensity (distance)2 

 
 
 
 
18 In a double-slit interference experiment a pair of slits 0.45 mm apart were placed 0.70 m from 

the screen. When monochromatic light from a laser was incident normally on the slits, an 
interference pattern was formed on the screen. The distance between the central bright fringe 
and the 10th dark fringe was found to be 7.5 mm.  
 
What was the wavelength of the incident light? 

  
 A 4.6  107 m  B 4.8  107 m C 5.1  107 m D 4.8  106 m 
 
 
 
 

 
 
 
 
 
 

19 
 

Monochromatic light of wavelength 633 nm is passed through a diffraction grating with  
500 lines per mm.  
 
What is the maximum number of intensity maxima that can be observed? 

  
 A 3 B 4 C 6 D 7 

R 

S 0 

P 

Q 0 
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20 In the diagrams, the thin lines show equipotential lines and the bold arrows show the electric 
field lines and their directions.  
 
Which set of equipotential lines and field lines is correct? 

  
  A  B 
   

 
 
 
 
 
 
 
 
 

  

  C  D 
   

 
 
 
 
 
 
 

 

  

 
 
 
 
21 The diagram shows the positions W, X, Y and Z at the corners of a square.  

 
A point charge +Q is fixed at position W while another point charge –Q is moved from position 
X to position Y. 

  
 
 
 
 
 
 
 
 
 
 

 Which statement is correct? 
   
 A The electric potential at Z will increase. 
   
 B The magnitude of the electric field strength at Z will increase. 
   
 C The attractive force between the two charges will increase. 
   
 D The electric potential energy of the system will decrease. 
 

5 V 3 V 7 V 5 V 3 V 7 V 

5 V 3 V 7 V 5 V 3 V 7 V 

W 

A

X 

Y Z 
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22 A battery is connected in series with a resistor R. The battery drives 1500 C of charge 
completely round the circuit. During this process, 2500 J of energy is dissipated in the  
resistor R and 500 J is dissipated in the battery.  
 
What is the e.m.f. of the battery? 

  
 A 0.50 V B 0.33 V C 1.7 V D 2.0 V 
 
 
23 Four resistors R1, R2, R3, R4 are connected in a circuit. R2 is in series with an ammeter, while R3 

is in series with switch S. Switch S is initially open. 
 
 
 
 
 
 
 
 
 
 
 
Which of the following changes, when made independently, would increase the reading on the 
ammeter? 

  
 A Increase R1 B Increase R2 C Increase R4 D Close S 
 
 
24 A NTC thermistor and a light-dependent resistor are connected in a potentiometer circuit. The 

batteries have finite internal resistance. XY is a resistance wire.  
  

 
 
 
 
 
 
 
 
 
 
 
 

 Which row of environmental conditions maximizes the balance length of the potentiometer? 
  

  temperature lighting condition 

 A high bright 

 B high dark 

 C low bright 

 D low dark 

 

 

X Y 

R1 

R4 

R2 

R3 

S 

A 
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25 A current balance consists of a U-shaped wire frame of length 15 cm and breadth 6.0 cm.  
 
3.0 cm of the wire is in a uniform magnetic field of flux density 60 mT. 
 
When the switch is open, the current balance is horizontal and in equilibrium when a paper 
rider of mass 5.0 g is placed at 2.5 cm to the right of the pivot as shown in the diagram. 
 
When the switch is closed, the current balance is in equilibrium when the same paper rider is 
placed 6.8 cm to the right of the pivot. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 What is the value of the current in the wire when the switch is closed? 
   
 A 1.2 A B 3.9 A C 7.8 A D 12 A 
   
 
 
 
  

N S 

paper rider 
15 cm 2.5 cm 

6.0 cm 

pivot 

3.0 cm 
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26 A rectangular coil, which is free to rotate about the axis PQ, is placed in a uniform magnetic 
field perpendicular to PQ. The coil is connected to an ammeter and given an initial angular 
speed to start rotation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which graph correctly shows the variation with time of the reading on the ammeter? Ignore the 
effects of air resistance. 

  
 
 
 
 
 
 
 

A 

 
 
 
 
 
 

 
   
 

B 

 
 
 
 
 
 

 
   
 

C 

 
 
 
 
 
 

 
   
 

D 

 
 
 
 
 
 

 
 
 
 
 

P 

rectangular coil 

uniform magnetic field 
perpendicular to PQ 

Q 

to ammeter 

I 

t 

I 

t 

I 

t 

I 

t 
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27 A coil has area 0.12 m2 and 5 turns. A uniform magnetic field of flux density 0.15 mT acts at an 
angle 10 to the plane of the coil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What is the change in magnetic flux linkage when the coil rotates such that the angle between 
the flux density and the plane of the coil is reduced to zero? 

  
 A 1.56  105 Wb B 8.86  105 Wb C 1.56  102 Wb D 8.86  102 Wb 
 
 

28 When an alternating current, 0 sin tI I , passes through a resistor, the mean power 

dissipated in the resistor is P. The peak value of the alternating current is then changed to 2 I0 

and the frequency is halved. 
 

What is now the mean power dissipated in the resistor? 
  
 A P B 2 P C 2P D 4P 
 
 

29 A proton travelling in a straight line with momentum p has an uncertainty of 0.10% in its kinetic 
energy. 
 

What is the minimum uncertainty in its position, in terms of p and the Planck constant h?  
  
 

A 0.0005
h

p
 B 0.001

h

p
 C 1000

h

p
 D 2000

h

p
 

 
 

30 In a photoelectric effect experiment, white light shone on a piece of metal causes the emission 
of photoelectrons. The threshold wavelength for this metal is 580 nm (yellow light). 
 

Which statement is correct?  
   
 A If a violet filter is placed in front of the light source, the rate of emission of photoelectrons 

will increase. 
   

 B If a red filter is placed in front of the light source, the rate of emission of photoelectrons will 
decrease to zero. 

   

 C If the light source is focused onto a smaller surface area of the metal, photoelectrons will 
be emitted with greater maximum kinetic energy. 

   

 D If another metal of twice the work function of the original metal is used, there will still be 
photoemission. 

 

flux density 0.15 mT  

coil area 
0.12 m2  

10 

5-turn coil  axis of 
rotation 


