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Directions to Candidates 

Show ALL working 
Write units where appropriate 

Answer ALL questions in Section A 
Answer the single question in Section B 
Answer any TWO questions from Section C 

You have been provided with two booklets.  Use one booklet for Section A, the other for 
Sections B and C. 



Data and Formulae Booklet 

The following equations may be useful in answering some of the questions in the examination. 

Uniformly accelerated motion: 

Useful formulae: !   

  !  

  !  

  !

atuv +=

2

2
1 atuts +=

as u  v 222 +=

tvus ⎟
⎠

⎞
⎜
⎝

⎛ +
=

2

Materials: 

Hooke's law: F  = kΔx 

Stress:  !    

Strain:  !  

Young's modulus: !  

Energy stored in a stretched wire:   
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Fields due to point sources: 

Force between point charges: !  
Force between point masses: 
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Circular motion: 

Centripetal acceleration:  !  

Period:  !  
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Mechanics: 

Momentum: p = m v 

Newton’s second law: !  

Kinetic energy: !  

Gravitational potential energy: !  

Mechanical work done: W = FΔd

maF =

21
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Vibrations and waves: 

Acceleration in s.h.m.: a  =  –k x 

Period: !  

Velocity of a wave: !

k
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Current electricity: 

Current: I = nAve  

Ohm’s law: !  

Resistors in series:    RTOTAL = R1 + R2 + … 

Resistors in parallel: !   

Power: !
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Electromagnetism: 

Electric field strength:  !  

Electric potential (uniform field): !  

Energy of a particle accelerated by an electric field: 

 !  

Force on a moving charge: !  

Force on current: !  

Electromagnetic induction: !

q
FE =

dEV =

( )21
2QV mv= Δ

BQvF =

BIlF =

dE Blvdt
−= =Φ

Page !  of !  2 16



The following constants may be useful in answering some of the questions in the examination. 

Acceleration of free fall on and near the Earth’s surface   g = 9.81 m s−2 

Gravitational field strength on and near the Earth’s surface  g = 9.81 N kg−1 

Coulomb’s law constant            k = 1/(4πεo) = 8.99 × 109 N m2 C−2 

Charge of an electron       e = −1.60 × 10−19 C 

Mass of an electron       me = 9.11 × 10−31 kg 

Electronvolt        1 eV = 1.60 × 10−19 J 

Gravitational constant                        G = 6.67 × 10−11 N m2 kg−2 

Permittivity of free space      εo = 8.85 × 10−12 F m−1 

Planck constant          h = 6.63 × 10−34 J s 

Speed of light in a vacuum      c = 3.00 × 108 m s−1 

Unified atomic mass unit            u = 1.66 ×10−27 kg 

Physics of nuclei and atoms: 

Radioactivity: !  

Half-life                                      T1/2   = 0.693/λ 

Mass-energy relation: !  

Line spectra: !  
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Alternating current: 

Root mean square for sinusoidal alternating current 

and voltage: ! ; !2
0II rms =

2
0VVrms =

Ray optics: 

Thin lenses: !  (real is positive) 

  !  (Cartesian)   

Magnification: ! (real is positive) 

  ! (Cartesian)  
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Capacitance: 

Charge on capacitor: !  

Parallel-plate capacitor: !

CVQ =
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d
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Mathematical Formulae: 

Surface area of a sphere:  !  

Volume of a sphere: !  

Surface area of a cylinder: !  

Volume of a cylinder: !  
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 Section A 

Attempt ALL questions in this section.  
Please do not forget to write the question number in the margin. 
Each question carries 7 marks. This section carries 50% of the total marks of the test. 

1. The figure shows two different rifles being fired horizontally from a height of 1.5 m 
above ground level. 

  Assume the air resistance experienced by the bullets is negligible. 

!  

(a)  When rifle A is fired, the bullet has a horizontal velocity of 430 m s–1 as it leaves 
the rifle.   Calculate the time that the bullet is in the air before it hits the ground. [3] 

(b)  Calculate the horizontal distance travelled by the bullet before it hits the ground. [2] 

(c) Rifle B fires bullet with a velocity that is less than 430 m s–1.  Explain whether the 
time taken by this bullet to reach ground is different from that fired from rifle A. [2] 
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2.  A manufacturer of springs tests the properties of a spring by measuring the load 
applied each time the extension is increased. The graph of load against extension is 
shown below. 

!  

(a) What maximum load may be applied to this spring so that Hooke’s law remains 
valid? [1] 

(b) Use the graph to determine a value for the spring constant in N m-1. [2] 

(c) Explain whether the spring becomes less or more stiff as it is extended from A to B. 
[1] 

(d) How much elastic potential energy does this spring store when it is extended by 1.3 
cm?  [3] 
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3. The figure shows a glass prism. Monochromatic light is directed into the prism at 
an angle of 56o. 
The path of the ray of light is shown as is it enters the prism. 

!  

(a) Calculate the refractive index of the glass for this particular light. [2] 

(b) Calculate the critical angle for the glass-air boundary. [2] 

(c) Copy the diagram and continue the path of the ray of light until it emerges from 
the prism. [3] 

4. A ship is being pulled along by cables attached to two tugs as shown. Fdrag 
represents the total drag force that acts on the ship at the instant shown. 

!  
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(a) Show clearly that the magnitude of the resultant of the forces applied by the tugs is 
approximately 8000 N.  [2] 

(b) What is the value of Fdrag if the resultant force on the ship is 2 000 N in the forward 
direction?  [1] 

(c) If the ship is accelerating forward at 0.12 m s-2 what is its mass in kg? [1] 

(d) What would happen to the ship if the total drag force were to  
(i) increase to approximately 8000 N? [2] 
(ii) exceed 8000 N? [2] 

5. In any collision, the total momentum of the colliding objects is usually conserved. 

(a)  What is meant by the term ‘momentum is conserved’?  [1] 

(b) Under what circumstances would momentum NOT be conserved in a  
collision? [1] 

(c) The diagram shows a car and a van, just before and just after the car collided with 
the van. 

!  

Using the information provided in the diagram, determine the immediate velocity of 
the van after collision. [2] 

(d) If the car and van exerted a mutual force of 19 kN on each other, determine the time 
of contact between the two during impact. [3] 
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6.     A possible fission reaction is: 
      
(a)     

     
   (i) State the value of ! .  [1] 

             (ii) Show that the energy released when one uranium nucleus undergoes  fission 
in the reaction in (a) is about 2.8 × 10–11 J. 

Mass of neutron = 1.00867u 
Mass of U-235 nucleus = 234.99333u 
Mass of Kr-92 nucleus = 91.90645u 
Mass of Ba-141 nucleus = 140.88354u                  [3] 

(b) In a nuclear power plant, up to 1.23 × 1023 fissions occur over a period of 24 hours.  
Determine the power output in watts. [3] 

7. In a downhill ski race, the total distance between the start and the finish is  1800m.  

The total vertical drop is 550m.  The weight of a skier (including  his equipment) 

is 900N and the time of descent is 65 s. 

(i)   Calculate the average speed of the skier for the race. [2] 

(ii)   Calculate his loss in gravitational potential energy.  [2] 

(iii) If the average resistive force acting against him during the descent is  
250N, determine the kinetic energy with which he arrives at the finishing 
line, assuming that he just slides down the slope without using his ski poles. 
[3] 

8. A body is undergoing free vibrations about a fixed position O.    

x
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!  

A and B are the extreme points of this vibratory motion. 
It is found that as the body vibrates between A and B, it travels with constant 
speed for most of the time. 

(a) Would you describe the motion of this vibrating body as simple harmonic motion?   
Explain.  [3]    

(b) The body travels from A to B in 0.5s.  What is the frequency of vibrations in Hz?   
[2]  

(c) State the effect on the amplitude of the body if the vibrations were to be subjected 
to damping.  [2] 

9. The radioactive isotope carbon 14 (C-14) is continually being produced in the upper 
atmosphere by the interaction of neutrons with nitrogen 14. 

(a) Copy and complete the nuclear reaction equation below for the formation  
of C-14. 

      [1] 

(b)  Some of the carbon atoms in a living tree consist of the radioactive isotope C-14. 
Due to the continual absorption of carbon the amount of C-14 in the living tree 
remains constant throughout the life of the tree. When the tree dies, the absorption 
of carbon ceases and the amount of C-14 in the tree decreases with time. 

(i) Explain why the amount of C-14 decreases with time. [1] 

(ii) Draw a graph to show how the amount of C-14 falls with time.  
Your graph should clearly illustrate the concept of half-life.  [2] 

(iii)  The half-life of C-14 is 5600 years and the activity of wood from a 
 living tree is about 17 disintegrations per minute per unit mass. 
A piece of burnt wood (charcoal) found at an ancient settlement has an 
activity of about 4 disintegrations per minute per unit mass. Estimate the 
age of the settlement. [3] 

                     A                                                           O                                                      
B
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10. The centre of an earthquake produces both longitudinal waves (P waves) and 
transverse waves (S waves). The graph below shows the variation with time t of the 
distance d moved by the two types of wave. 

!  

(a) What is the difference between transverse waves and longitudinal waves? [2] 

(b) With the help of the graph, determine the respective speeds of the P-wave and the 
S-wave. [1,1] 

(c) If the P-waves had a frequency of 6 Hz, what was their wavelength? [1] 

(d) What is the distance between two consecutive points along the P-wave that are 
oscillating in phase with one another? [1] 

(e) A tall building has a natural frequency of vibration of about 6 Hz.  Explain why this 
building is bound to be severely damaged by the earthquake. [1] 
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Section B.  

Attempt the question in this section.  
PLEASE START A NEW BOOKLET and do not forget to write the question number in the 
margin. 
 This question carries 20 marks which is equivalent to 14% of the total mark of the 
test. 

11. The following table gives a series of values of the wavelength λ of sound in air 
measured for different values of frequency f. 

(a) Copy the table and include another column with the corresponding values of       1/λ 
/ m-1.   [3] 

 (b) Plot a graph of f against 1/λ.  [8] 

 (c) Write an equation that connects f and λ with the velocity c of the wave.  [1] 

 (d) Use your graph to work out a value for the velocity of sound in air.  [8] 

f / kHz λ / m

0.20 1.71

0.40 0.86

0.60 0.57

1.00 0.34

1.50 0.23

2.00 0.17
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Section C 

Continue this section on the booklet used for Section B. 

You are to attempt TWO questions only from this section.  

Each question carries 25 marks. This section carries 36% of the total mark of the exam. 

Please do not forget to write the question number in the margin. 

12. In his book Philosophiæ Naturalis Principia Mathematica,  often referred to as 
simply the Principia, Newton proposed a law of gravitation. 

(a) State this law.  [2] 

(b) (i)  The gravitational force is said to be the weakest force in nature.  Work out a  
     value for the gravitational force between two elephants, each of mass 
                 5000 kg,  that are 4 m away from each other. [2] 

 (ii)  What is the acceleration experienced by each elephant due to this force?  [2] 

(c) Geostationary satellites are satellites which are orbiting the Earth above the equator 
and make one complete orbit every 24 hours. Because their orbital period is 
synchronized with the Earth's rotational period, a geostationary satellite can always 
be found in the same position in the sky relative to an observer on Earth. The Earth’s 
mass M is 5.98 × 1024 kg. 
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(i) Show that the velocity of the satellite  is given by  where r is the    

    orbital radius.   [2] 
(ii) Hence determine the orbital radius r of a geostationary satellite. [4]  
(iii) Determine the orbital speed of a geostationary satellite. [2]  
(iv) Determine the acceleration of a geostationary satellite.  [2] 

(d) (i)   What do you understand by the term gravitational field strength? [2] 

 (ii)   Plot a graph of gravitational field strength with distance away from the  
        earth’s surface.  [3] 

(iii) What is the magnitude of the field strength at a height RE above the earth’s  
       surface where RE is equal to the radius of the earth? [4] 

13(a) (i) State Newton’s first law of motion.   [2] 

(ii) In terms of force, what does the law imply about bodies travelling along a 
circular path?   [2] 

(iii) Why can bodies travelling along a circular path move with constant  
              speed but not with constant velocity?   [1] 

(b) An aircraft of mass 60 000 kg, cruising at 250 m s-1, banks at angle of 40o to the 
vertical, so as to move in a circular path of radius r.  At this point, the lift force, L, 
on the plane acts as shown. 

 

!  

v v =  
GM

r
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 (i) What is the weight of the plane?  State its direction.  [2,1] 

(ii) Hence, determine the size of L during banking.  (You may assume that the 
plane is not changing altitude).    [3]                                                

 (iii) Use the value of L to work out a value for r, the radius of the circular  
  path. [4] 
          
(c) When cruising in a straight line, at constant altitude, the aeroplane encounters a 

drag force of 24kN.   

 (i) What is the forward thrust produced by the engines, if the aeroplane  
                           is  not accelerating?  Explain your reasoning.  [2,2] 

 (ii) What is forward acceleration if the thrust calculated in (i) does not  
                           change but the drag force falls to 18kN?  [3] 

 (iii) If the cruising speed is still 250 m s-1, determine the engine power  
  developed by  the aeroplane.  [3] 

14(a) With the help of appropriate diagrams, distinguish between constructive and 
destructive interference.  [4] 

(b) !  
 The diagram shows two loudspeakers that operate in phase to emit sound of 

frequency 660Hz and velocity 330m s-1.  The wave-trains from the two speakers 
spread out in space and interfere with one another.  Describe the type of 
interference occurring at a point P, 12m away from one speaker and 10m away from 
the other.  Show clearly how you arrived at your conclusion.        [6]                                                                                   

                                                    12m 

loudspeaker 

                                                       10m 

                                                                                                                             
P
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(c) Another form of interference (or superposition) occurs when two similar waves, 
travelling with equal and opposite velocities, cross paths to form a stationary wave. 

(i) Why is the resultant wave said to be “stationary”?           [2]              

(ii) State two differences between stationary and progressive waves. [4] 

(iii) If the antinode of the stationary wave formed has an amplitude of 4cm, 
 what was the amplitude of the two superposing waves?     [2]         

(d) A progressive wave has a frequency of 250Hz and velocity of 30 m s-1.   
 (i) Comment on the phase difference between two vibrating points 
                           along the wave that are exactly 6cm apart.              [4] 
 (ii) How many oscillations does any point along the wave perform 
                            in 2s?  [3] 

                             

15 (a) (i) With the aid of a diagram show how a prism can disperse a beam of  
                           white light.  [3] 

(ii) For what colour of light does the glass of the prism have the highest 
refractive index? [2] 

(iii) If the prism has a refractive index of 1.52 and 1.55 respectively for two 
specific wavelengths, determine the angular separation of these two 
wavelengths inside the prism.  The original beam of white light was incident 
at an angle of 45o.    [4] 

(b) (i) What do you understand by the term principal focus as applied to a  
   converging lens? [2] 

(ii) Draw a diagram to explain why the principal focus of a diverging lens is 
said to be virtual.  [3] 

(iii) An object is placed 15 cm in front of a diverging lens of focal length 10 cm.  
How far from the lens is an image of this object formed?  [3] 

(iv) Find the magnification for the situation described in (b) (iii) above. [2] 
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(c)  A student performs an experiment with a converging lens in which he obtains many 
different corresponding readings of object distance (u) and image distance (v).  
Explain carefully, showing all the relevant mathematical detail and the graph that 
would need to be plotted, how a value for the focal length of this lens could then be 
determined.  [6]
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