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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 m
e

=  9.11  10−31 kg 

 

rest mass of proton m
p =  1.67  10−27 kg 

 
molar gas constant R =  8.31 J K−1 mol−1 
 

the Avogadro constant N
A 

=  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 
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Formulae 

 

uniformly accelerated motion =s  2

2

1 atut +  

 =2v  asu 22 +  

 
work done on/by a gas =W  Vp  

 
hydrostatic pressure =p  gh  

 

gravitational potential =  
r

Gm
−  

 

temperature T/K = T/C + 273.15 
 

pressure of an ideal gas p  =  2

3

1
c

V

Nm
 

 

mean translational kinetic energy of an ideal gas molecule =E  kT
2
3  

 

displacement of particle in s.h.m. x =  x0 sin  t 
 

velocity of particle in s.h.m. v =  v0 cos  t 
 

 =  22
xxo −  

 

electric current I = Anvq 
 
resistors in series R =  R1 + R2 + … 
 
resistors in parallel 1/R =  1/R1 + 1/R2 + …  
 

electric potential V =  
r

Q

o4
 

 

alternating current/voltage x =  x0 sin  t 
 

magnetic flux density due to a long straight wire B = 
d

o





2

I
 

 

magnetic flux density due to a flat circular coil B = 
r

No

2

I
 

 

magnetic flux density due to a long solenoid B = Ino  

 

radioactive decay x =   x0 exp(–t) 
 

decay constant  = 

2
1

2ln

t
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1 When a beam of light is incident on a surface, it delivers energy to the surface. The intensity 
of the beam is defined as the energy delivered per unit area per unit time. 
 
What is the unit of intensity, expressed in SI base units? 
 

 A    kg m–2 s–1 B    kg m2 s–3 C    kg s–2 D    kg s–3 

 
2 The diagram shows two vectors X and Y. 

 
 
 
 
 
 
 
 
 
 
In which vector triangle does the vector Z show the magnitude and direction of vector X – Y? 
 

 A 

 
 
 
 
   
 
 
 
 
 
 
 

B 

 
 

 C 

 
 
 
 
   
 
 
 
 
 
 
 

D 

 
 

 
 
 
 
 
 
 
 
 

X Y 

X 

Y 

Z 
X 

Y 

Z 

X 

Y 

Z 

X 

Y 

Z 
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3 When a car driver sees a hazard ahead, she applies the brakes as soon as she can and 

brings the car to rest. The graph shows how the speed v of the car varies with time t after 

hazard is seen. 

 

 
 

Which graph represents the variation with time t of the distance s travelled by the car after 

the hazard has been seen? 

 

 A 

 
 
 

B 

 

 

 C 

 

 

D 
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4 In the absence of air resistance, a stone is thrown from P and follows a parabolic path in 

which the highest point reached is T. The stone reaches point Q just before landing. 

 

 
 

The vertical component of acceleration of the stone is 

 
A zero at T.  

 
B greatest at T. 

 
C greatest at Q. 

 
D the same at Q as at T. 

 
 
5 A man is skiing down a slope with constant speed. 

 
According to Newton’s third law, which force makes an action−reaction pair with the weight of 
the man? 
 
A the friction from the slope  
 
B the normal contact force from the slope 
 
C the gravitational force on the Earth due to the man 
 
D the sum of normal contact force and friction from the slope 
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6 An object of weight W is suspended from a newton meter. When the object is completely 
immersed in water, the newton meter reads P. When the object is completely immersed in oil, 
the newton meter reads Q. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

What is the ratio 
density of oil 

?
density of water

 

 
 

A    
W P

Q P

−

−
 B    

Q P

W P

−

−
 C    

W P

W Q

−

−
 D    

W Q

W P

−

−
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7 A man throws a ball vertically upwards. The ball reaches a maximum height, and then falls  
back into the man’s hand. Air resistance may be assumed to be negligible.  
 
Which graph shows how the kinetic energy E of the ball varies with the vertical                      
displacement y? 
 

A 

 
 

B 

 

C 

 
 

D 

 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 
8 A man drags an object of mass 5.0 kg up a plane inclined at 30° to the horizontal. It travelled 

through a vertical height of 12 m at a constant speed. The total work done by the man is 
1500 J.  
 
What is the average friction force between the object and the plane? 
 

 A     8.3 N B     38 N C     63 N D     88 N 
 

9 A marble moves in a circular path of radius 0.80 m at an angular speed of 
2


rad s–1. At t = 0, 

it passes by point P. 
 
What is its displacement from P at t = 6.0 s?  

     
 A    1.1 m B    1.6 m C    7.5 m D    9.4 m   

 
 
 
 

E 

y 

E 

y 

E 

y 

E 

y 
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10 A satellite is in an orbit around the Earth. It is moved to a new orbit that is closer to the surface 

of the Earth. Which of the following correctly describes the changes in the gravitational 

potential energy and orbital speed of the satellite? 

 potential energy speed 

A increases increases 

B increases decreases 

C decreases increases 

D decreases decreases 
 

 
11 Which statement explains why the thermodynamic temperature scale is considered more 

fundamental than the Celsius temperature scale?                                                                                                                                         
 
A   The thermodynamic temperature scale is determined using the triple point of water instead 

of ice point, which is more reproducible. 
 
B   The thermodynamic temperature scale is independent of the properties of materials. 
 
C   The thermodynamic temperature scale can measure a greater range of temperatures. 
 
D   The thermodynamic temperature scale is related to the random kinetic energy of the 

particles. 
 

 
12 A 20 W filament lamp has been operating normally for an hour so that its temperature is 

constant.  

When the first law of thermodynamics is used to quantitatively describe the filament of the 

lamp after this time, which row correctly describes the application of the first law? 

 rate of increase of 

internal energy / W 

rate of heating the 

filament / W 

rate of doing work 

on filament / W 

A +20 +20 0 

B +20 0 +20 

C 0 +20 ̶ 20 

D 0 ̶ 20 +20 
 

 
13 Which of the following examples least likely demonstrates resonance occurring? 

 
 A 

 
B 
 

C 
 

D  

The rear-view mirror of a car vibrates when the car goes over a speed bump. 
 
Air is blown over the reed of a clarinet producing a sound. 
 
A suspension bridge blown by gusts of wind. 
 
An ornament placed on a loudspeaker cabinet vibrates when a particular note sounds. 
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14 The top row of bars represents a set of particles inside the Earth and at rest.  
 
The lower row represents the same particles at one instant as a longitudinal wave passes 
from left to right through the Earth. 
 

 
 
What should be measured to determine the amplitude of the oscillations of the particles in 
the lower row as the wave passes? 
 

 A 
 

B 
 

C 
 

D  

half the maximum displacement of the particles from their position at rest 
 
half the maximum distance apart of the particles 
 
the maximum displacement of the particles from their position at rest 
 
the maximum distance apart of the particles 
 

 
15 Monochromatic light is incident on a pair of narrow slits a distance of 0.1 mm apart. A series 

of bright and dark fringes are observed on a screen a distance of 2.0 m away. The distance 
between adjacent bright fringes is 8.0 mm.  
 

 
 
What is the path difference between the light waves from the two slits that meet at the second 
order dark fringe?  
 

 A 
 

B 
 

C 
 

D  

2.0 × 10–7 m 
 
4.0 × 10–7 m 
 
6.0 × 10–7 m 
 
8.0 × 10–7 m 
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16 A musical instrument called a bugle is a long tube with a mouthpiece at one end. The other 
end is an open end and flared, as shown.  
 

 
 
A musician maintains stationary sound waves with a node at the mouthpiece and an antinode 
at the other end. The lowest frequency of sound that the bugle can produce is 92 Hz.  
 
Which different frequencies of sound can be produced by the bugle? 
 

 A 
 

B 
 

C 
 

D  

92 Hz, 138 Hz, 184 Hz, 230 Hz, 276 Hz 
 
92 Hz, 184 Hz, 276 Hz, 368 Hz, 460 Hz 
 
92 Hz, 276 Hz, 460 Hz, 644 Hz, 828 Hz 
 
92 Hz, 276 Hz, 828 Hz, 2484 Hz, 7452 Hz 
 

 
17 Free electrons flow along a copper wire X of radius 5.0  10–5 m with an average drift speed 

of 2.8  10–2 m s–1. The current in the wire is 3.0 A.  
 

There is a current of 2.0 A in a copper wire Y of radius 1.0  10–4 m.  
 
What is the average drift speed of the free electrons in copper wire Y?  
 

 A 
 
B 
 
C 
 
D  

4.7  10–3 m s–1 
 

9.3  10–3 m s–1 
 

1.1  10–2 m s–1 
 

1.9  10–2 m s–1 
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18 A conductor consists of three wires connected in series. The wires are all made of the same 

metal but have different cross-sectional areas. There is a current I in the conductor.  

 

 
 
Point Y on the conductor is at zero potential. Which graph best shows the variation of 
potential V with distance along the conductor? 
 
A        
 
 
 
 
 
 
 
 
B      
 
 
 
 
 
 
 
C      
 
 
 
 
 
 
 
D      
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

I 
  

I 
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19 Eight identical resistors, each of resistance R, are connected in a network as shown below.  
 

What is the effective resistance between the terminals P and Q? 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                                        
 

 
A       

8

R
 B        

2

R
 C       R D       2R 

 
20 A circuit is needed which switches on a warning lamp when the temperature of a thermistor 

is too high. 
 
Which of the following circuits is suitable? 
 

 A 
 

 
 
 

B 
 

 

 C 
 

 
 
 

D 
 

 

P R R 

R R 

R 

R 

R 

R 

Q 
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21 An electric dipole is a pair of one negative charge and one positive charge of equal 

magnitude. The electric field of an electric dipole is shown below. 
 
What is the direction of the force that acts on an electron placed at point X? 
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22  Two point charges of equal magnitude and opposite signs are separated by a distance. Which 
of the following graphs represents how the electric potential and electric field strength vary 
along a line joining the two point charges?  
 

 I 
 
 
 
 
   
 
 
 
 
 
 
 

II 

 III 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV 
 
 
 
 
 
 

  

 electric potential electric field strength 

A I IV 

B II III 

C III II 

D IV II 
 

 
 
 
 
 
 

distance 

distance distance 

distance 
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23 Four parallel conductors, carrying equal currents, pass vertically through the four corners of 
a square PQRS. In two conductors, the current is directed into the page and, in the other two, 
it is directed out of the page. 
 

 
Due to the current in the four conductors, the resultant magnetic field at O is in the direction 
shown. 
 
Which of the following must be the directions of the currents in each of the four conductors? 
 

 into the page out of the page 

A P, Q R, S 

B P, S Q, R 

C Q, S P, R 

D R, S P, Q 
 

 
24 A long straight wire is in the plane of a flat coil. The straight wire carries a constant current I 

as shown and is moved at a constant speed u towards the flat coil. 

 
 
Which statement describing the current in the flat coil is true? 
 
A     The current is increasing. 
 
B     The current is decreasing. 
 
C     The current is always constant. 
 
D     The current always changes direction. 

 
 
 
 
 
 
 

P Q 

R S 

O 
resultant 

magnetic 

field 

I 

u 
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25 A copper rod is moved perpendicular to a uniform magnetic field as shown in the diagram. 
The graph on the right shows the variation with time t of the distance s of the copper rod from 
point O. 

  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 Which graph best shows the variation with time t of the e.m.f. E induced across the rod? 
 

  A  B 
   

 
 
 
 
 
 
 
 
 

  

   C   D 
   

 
 
 
 
 
 
 
 
 

  

 
 
26 A sinusoidal alternating supply of peak voltage 100 V is connected to a diode and a 100 Ω 

resistor in series.  
 
The diode is ideal with a zero forward resistance and an infinite reverse resistance.  
 
What is the value of the mean current in the resistor? 
 

 A 
 

B 
 

C 
 

D  

less than 0.5 A 
 
0.5 A 
 
0.7 A 
 
1 A 

 
 

E 

t 0 
0 

E 

t 0 
0 

E 

t 0 
0 

0 

s 

0 
t 

E 

t 0 
0 

s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

O 

copper rod 
 

 

 
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27 
 

The diagram shows the electron energy levels, referred to the ground state (the lowest energy 
level) as zero, for four different isolated atoms.  
 
Which atom can produce radiation of the shortest wavelength when atoms in the ground state 
are bombarded with electrons of energy W? 
  

                                                                                                                                        
 
28

 
 

λ0 is the de Broglie wavelength of an electron accelerated from rest through a potential 
difference of 1 kV. 
 

λ 1 is the de Broglie wavelength of another electron accelerated from rest through a potential 
difference of 100 kV.  
 

What is the value of the ratio 
λ0

λ1
? 

  
 A   0.1 B   1 C   10 D   100 

 
29 The rest-masses of deuteron 2

1 H , proton and neutron are 2.0150 u, 1.0086 u and 1.0097 u 

respectively. Which one of the following reactions takes place so that the deuteron may 
disintegrate to a proton and neutron? 
 
A     Releasing a photon of energy 2 MeV. 
 
B     Releasing a photon of energy 3 MeV. 
 
C     Capturing  a photon of energy 2 MeV. 
 
D     Capturing a photon of energy 3 MeV. 

 
 
30 Which combination of successive emissions produces a final nucleus with the same proton 

number as the starting nucleus? 
 

A     α α β 

 

B     α β β 

 

C     α β γ 

 

D     β γ β 

  

A 

W 

B C D 
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