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Formulae Pages 

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

Uniformly accelerated motion: 

Useful formulae: !   
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Materials: 

Hooke's law: F  = kΔx 

Stress:  !    

Strain:  !  

Young's modulus: !  
Energy stored in a stretched wire: 
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Circular motion and rotational dynamics: 

Angular speed: !  

Angular acceleration: !  

Centripetal force:  !  
Torque:  !  

Work done in rotation: !  
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Ray optics:  

Refractive index: !  

  !  

  !   

Thin lenses: !  (real is positive) 

  !  (Cartesian)   

Magnification: ! (real is 
positive) 

  ! (Cartesian)  
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Mechanics: !  

Newton’s second law: !  

Power: P = Fv 

Momentum: p = mv 

dt
mvdF )(

=
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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 

Capacitance: 

Capacitance of parallel plates: !  
Capacitors in parallel:    C = C1 + C2 +… 

Capacitors in series:  !  

Energy stored:   !  

Charging:        !  

Discharging: !  

d
A

C rεε 0=

...111

21

++=
CCC

2

2
1 CVW =

t
RCQ Q e−⎛ ⎞

= −⎜ ⎟
⎝ ⎠

0 1

t
RCQ Q e−= 0

Stationary waves: 

Speed of waves on strings:  !  

Wave motion: 

Two slit interference: !  
Diffraction grating: d sinθ  = nλ 

Single slit diffraction: !  
Diffraction of circular aperture:   

  !  
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Fields: 

Electric field strength:  !  

Uniform field: !  

Force between point charges: !  
Electric field strength of a point charge:  

!  

Force between point masses: !  

Electric potential: !  

Gravitational potential: !  

Work:  !  
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Simple harmonic motion: 

Displacement: x  = xo sin(ωt  +  φ) 

Velocity: v  = ω xo cos(ωt  +  φ) 

   !  

Acceleration:      a  =  –ω2 x 

Period: !  

Mass on a light spring: !  
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SECTION A      

Answer all questions in this section. Please make sure that you write the 
question number in the margin. 
Each question carries 10 marks 

1. A circus performer standing on a tightrope 10.0 m above the ground 
throws a  ball vertically upwards at a speed of 6.0 m s–1. The ball leaves 
his hand 1.0 m  above the tightrope as shown. The diagram is not to 
scale.  

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

Boltzmann constant k = 1.38 × 10−23 J K−1 

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

Avogadro’s constant NA = 6.02 × 1023 mol−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 

Permeability of free space µo = 4π × 10−7 H 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 
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 ground 

(a) Calculate the maximum height above the ground that the ball 
reaches.   Ignore any effects due to air resistance.    
 [3] 

(b)  The performer fails to catch the ball as it drops. Calculate: 
(i)  the speed with which the ball hits the ground;    
 [2] 
(ii)  the total time the ball is in the air.      
 [3] 

(c) Sketch a velocity-time graph for the ball from the moment it leaves 
the hands  of the performer until the instant it reaches the ground. 
  [2] 

2. A particular type of mop is rinsed by placing it in a spinning wringer 
that is  operated by a foot-pedal.  In one type of model, the wringer 
makes 900  revolutions per minute when the pedal is thrust up and down 
with a  frequency of  3Hz. 
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!  

(a)  Show that the frequency ratio of the pedal to the wringer is 1 : 
5 . [2] 

(b)  The wringer has a diameter of 20cm.  With what linear speed 
will a   point on the circumference of the wringer be moving 
when the    wringer is making 900 revolutions per minute? 
  [2] 

(c) What centripetal force acts on a drop of water of mass 0.05g, 
rotating 6cm away from the axis of rotation of the mop?   

  You may again assume that the wringer is rotating at 900 
r.p.m.  [2] 

(d)  Explain why the amount of water flushed out of the mop 
increases if   the wringer is made to rotate faster.  
   [2] 

(e)  Explain whether the moment of inertia of the rotating mop will 
   increase, decrease or stay the same, as water is flushed 
out of it    during rinsing.     
   [2] 

3. A traffic light hangs from a pole as shown in the figure. The uniform 
  aluminium pole AB is 8.5 m long and has a mass of 9.0 kg. The 
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mass of   the traffic light is 13.0 kg while that of the cable CD 
may be considered  insignificant.  

  

(a) Calculate the total clockwise moment that the system exerts about 
  the pivot A.        
 [4] 

(b) Hence determine the horizontal pull exerted by the cable CD on the 
 aluminium pole.        [2] 

(c) Work out a value for the total force exerted by the pivot on the pole 
and give  its direction.                    
            [3,1] 

4. A mass, m, is attached to a spring and oscillates horizontally with 
simple  harmonic motion on the floor of an ice rink. Its frequency of 
oscillation is  0.625 Hz and the spring constant of the spring is 2 640 N m-1.  

 

!  

(a)  Show that the mass, m, is approximately 170 kg.    
 [2] 
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(b) The maximum kinetic energy of the mass is 215 J. Calculate its 
maximum  speed.         
 [1] 

(c) Calculate the amplitude of oscillation.     [1] 

(d) At time t = 0, the displacement of the mass is zero. Calculate the 
acceleration of  the mass at time t = 1.40 s.     
  [4] 

(e) The mass-spring system is down driven to oscillate by a mechanism 
whose frequency may be controlled by a signal generator.  Explain 
briefly, why driving the system to oscillate with a period of 1.60 s 
would result in large amplitude oscillations.     
     [2] 

5. Two small positive charges each of +7.0 × 10−12 C are placed in empty 
space  as shown. 
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                 +7.0 × 10−12 C 
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                                                            55o 
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(a) Calculate the resultant electric field strength at P.   
 [4] 

(b) State a point where the resultant electric field strength is zero. 
 [1] 

(c) Calculate the electric potential at P.     
 [3] 

(d) A positive ion of charge 4.8 × 10-19 C and mass 4.5 × 10-26 kg enters 
the  region shown in the diagram, travelling along the axis in the direction 
O to P.  
 Calculate the acceleration of the ion as it passes through point P.  
 [2] 

6. (a) With respect to the physics of semiconductors, explain what you 
understand  by the following terms: 

(i) intrinsic semiconductor       [1] 
(ii) doping            [1] 
(iii) acceptor impurity          [1] 
(iv) n-type seminconductor        [1] 

(b) Sketch the I-V characteristics for a real silicon diode that has 
negligible  forward resistance.       
 [3] 

(c) If a diode of barrier p.d. 0.7 V is connected in series to a circuit of 
total  resistance 2 kΩ and the source voltage is 6 V, determine the current 
that  would flow through the diode.  The diode should be assumed to be 
 forward−biased.        [3] 

7.  A small source O of microwaves is placed some distance away from a 
plane  metal reflector M.   A receiver R, moving between O and M along the 
line  normal to the reflector, detects successive maxima and minima on 
the meter  connected to it. 

!  9



 

  
(a) Explain why these maxima/minima readings are obtained.  
 [2] 

(b) Calculate the frequency of the source O if the average distance 
between  successive minima is 1.5 cm.     
  [3] 

(c) A grille consisting of a series of equally spaced rods was inserted 
between O  and R.  Initially, there was no apparent effect on the readings 
shown on the  meter.  However, when the plane of the grille was 
rotated through 90o the  meter reading dropped to zero for all positions of 
R from M.   Suggest a  plausible explanation for this  observation. 
    [3] 

(d) Explain why the observations described in (c) above would not have 
been  relevant if the experiment were being carried out with sound waves 
rather  than microwaves.       
 [2] 

8 (a) The net force acting on a body varies as shown in the graph below 
  

                  O                                       R                                   
M

meter
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(i) Determine the impulse sustained by the body.    [3] 

(ii) Hence state the change in momentum experienced by the body.  
 [1] 

(b) An object of mass 2.00 kg is attached to the hook of a spring balance 
and   

the balance is suspended vertically from the roof of a lift as shown. 
 

 W h a t i s t h e 
reading, in newtons, on the spring-balance when the lift  

(i) is ascending with an acceleration of 0.2 m s-2    [3] 

(ii) is descending with a constant velocity of 0.50 m s−1 ?   [3] 
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Section B.   Answer any FOUR questions from this section.   

USE THE OTHER BOOKLET FOR THIS SECTION. 
DO NOT forget to write the question number in the margin. 
Each question carries 25 marks 

9. (a) The graph shows the relationship between stress and strain for the 
material of a  climbing rope.  The rope breaks at a stress of 109 Pa. 

           Stress/Pa 
 

                     109 

 

                       0                                                                                                            
Strain 
                          0                                                                                             0.1 

(i) Define stress and strain.                
[2,2] 

(ii) State the advantage of a stress-strain plot over a force-extension 
plot.        [2] 

(iii) How does the stiffness of the rope change as it is stretched? 
 [3] 

(iv) The rope breaks when the tension is 120 kN.  Calculate the cross-
sectional  area of this rope.                    
[2] 

(b)  
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A light rigid bar AB of length 0.200 
m is suspended horizontally from 
two vertical wires, one of steel and 
one of brass, as shown. 
Each wire is 2.000 m long.  The 
diameter of the steel wire is 0.60 
mm.  When a mass of weight 100 N 
is suspended from the centre of AB, 
the bar remains horizontal. 

     steel                              
brass 

             A                             B                           



  

(i) What is the tension in each wire?      [1] 

(ii) Calculate the extension of the steel wire and the energy stored in it.        
[3,2] 

(iii) Calculate the diameter of the brass wire.    
 [2] 

(iv) If the brass wire were replaced by another brass wire of diameter 
1.00 mm,  where should the mass be suspended along AB so that AB 
remains  horizontal?                     
[6] 

(Young’s Modulus for steel = 2.0 × 1011 Pa 
 Young’s Modulus for brass = 1.0 × 1011 Pa) 

10 (a) When discussing gravitational fields, explain what is meant by the 
terms: 

(i) gravitational field strength (intensity), g    
 [2] 
(ii) gravitational potential, V.       [2] 

(b) A planet has a mean density p and radius R.  Express its gravitational 
field  strength at its surface in terms of these quantities and the 
gravitational  constant G.        
 [3] 

(c) A small satellite is in a stable circular orbit of radius 7000 km around 
the  Earth.  The mass of the Earth is 5.97 × 1024 kg. 

 Calculate 

(i) the orbital speed of the satellite      [3] 
(ii) the orbital period of the satellite      [2] 

(d) 
(i) What do you understand by the term escape velocity?  
 [2] 
(ii) Derive an expression for the escape velocity.                             
[4] 
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(iii) Using information given in question (c) above, determine the escape 
velocity  from the surface of the earth.  The radius of the earth is 
6380km.  [2]      
(iv) A planet of same mean density as the Earth has ⅛ th the radius of the 
Earth.   By what factor is the escape velocity on this planet smaller 
than that of the  Earth?        
  [3] 

(v) Many small planets and moons DO NOT have gaseous atmospheres.  
Why?                       
[2] 

11 (a) The figure shows an aircraft designed to take off and land vertically 
and also  to hover without horizontal movement. In order to achieve 
this, upward lift is  produced by directing the jet engine outlet downwards. 
The engine also  drives a vertical lift fan near the front of the aircraft. 
The weight of the  aircraft is 180 kN. The distance between the lift fan and 
the centre of mass is  4.6 m and the distance between the jet engine 
outlet and the centre of mass  is 2.8 m. 

   

(i) Calculate the moment caused by the weight of the aircraft about the 
 point X.         [2] 
(ii) By taking moments about X, calculate the lift fan thrust if the 
aircraft is to  remain horizontal when hovering.    
  [2] 
(iii) Calculate the engine thrust.      
 [1] 
(iv) The jet engine outlet is directed downwards.  Explain, with reference 
to a  particular law, why this produces an upward engine thrust.  
 [2] 
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(v) What would happen to the aircraft if the lift fan were to suddenly 
fail? [3] 

(b) Having taken off vertically, the jet engine outlet is turned so that the 
engine  thrust acts horizontally. The aircraft accelerates horizontally 
to a maximum  velocity.  

(i)  When the resultant horizontal force is 155 kN, calculate the 
horizontal  acceleration of the aircraft.     
  [2] 

(ii)  State and explain why the aircraft accelerates to a maximum 
velocity. [2] 

(iii) What term is most often used for this maximum velocity?  
 [1] 

(iv) Explain why at higher altitudes less engine thrust is required to 
maintain a  given speed.        
 [2] 

(v)  Sketch the velocity-time graph for the horizontal motion of the 
aircraft as it  accelerates from zero to its maximum horizontal velocity. 
  [2] 

(vi) State how this velocity-time graph could be used to find the 
maximum  acceleration of the aircraft.     
  [2] 

(vii) State how a velocity-time graph may be used to find the overall 
displacement  of a moving body.      
  [1] 

(c) If, at a given time, the aircraft’s engine thrust is equivalent to 200 kN 
and the  corresponding power is 80 MW, determine the speed of the 
aircraft.  Give  your answer in km h−1.     
  [3] 

12. This question is about the refraction of light. 

(a) A ray of light strikes a flat 2.00cm-thick glass block (η = 1.50) at an 
angle of  30.0o. 
 The ray passes through the block as shown.                                          
original path 
 
                                                                     
                                                                                                                       
d                                                                                                                                                                                           
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                                                                                  2.00cm 

(i) The ray of light used was of a particular wavelength, corresponding 
to a  yellow line in the visible spectrum.  How would you expect the value 
of 1.50,  for the refractive index of the glass block, to change if a 
wavelength from the  red section of the spectrum were used instead?
    [2] 

(ii) Find the angle of refraction inside the glass.    
 [2] 

(iii) Hence, find the angle of deviation i.e. the angle through which the 
ray is  deviated from its original path.      [1] 

(iv) Find the lateral distance d by which the beam is shifted.  
 [4] 

(v) Find the time taken by the light to pass through the block.  
 [4] 

(vi) Is the time in (v) affected by the angle of incidence? Explain. 
 [2] 

(vii) State one property of the light that does not change upon refraction.
 [1] 

(b) The figure overleaf shows a section of a typical glass step-index 
optical fibre  used for communications. 
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(i)  Show that the refractive index of the core is 1.47.   
 [2] 
(ii)  The refracted ray meets the core-cladding boundary at an angle just 
above  
 the critical angle.   Copy the diagram and complete it to show what 
happens  to the ray after it strikes the boundary at X.   
  [2] 
(iii)   Calculate the critical angle.      
 [2] 
(iv) Calculate the refractive index of the cladding.    [2] 
(v) State an advantage of using optical fibres for communication 
purposes. [1] 

13. Distant stars can be observed by means of an optical telescope. 

(a)(i) Explain what particular feature of a telescope affects the resolving 
power of the telescope.       
  [2] 

 (ii) What wave phenomenon is closely associated with the resolution or 
otherwise of two distinct objects?     
 [1] 

(iii) In view of your answer to (ii), state one condition that must be 
satisfied for two distinct bodies to be just resolved by the human 
eye. Support your  

 answer with an appropriate diagram.     [3] 

(iv) Radio-telescopes differ from optical telescopes in that they operate 
in the radio frequency portion of the electromagnetic spectrum.  
With respect to resolving power, state one major drawback of 
working with a radio-telescope.      
   [2] 

(v) A young astronomer wants to build a telescope that allows her to see 
craters with a width of 5 m on the moon.  What lens diameter does 
she need if she is to use filtered light of wavelength 550 nm and the 
earth-moon distance is      3.8 × 106 m?     
    [4] 

(b) The spectrum of light from most stars contains lines corresponding to 
helium gas. 

 Figure A shows the helium spectrum from the Sun. 
 Figure B shows the helium spectrum from a very distant star. 
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(i)   What can you notice about the spectral lines from the very distant 
star and what is this phenomenon known as?               
[1,1] 

(ii) What does it demonstrate about the distant star?     
 [2] 

(iii) State Hubble’s law.         [2] 

(iv) If the age of the universe is taken to be approximately 13.7 billion 
years, work out a value for the ratio of the recessional velocity of a 
distant galaxy to its distance from the observer in s−1.   
     [4] 

(v) With a traditional optical telescope, the space between stars and 
galaxies  (the background) is completely dark. However, a sufficiently 
sensitive radio  telescope shows a faint background radiation, almost 
exactly the same in all  directions, that is not associated with any star, 
galaxy, or other object. What  type of radiation is this and what is its 
ultimate source?             [2,1] 

 400                            500                                600                             700                     

Fig. A

Fig. B

  spectral lines
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14. A student uses a double-slit arrangement to carry out measurements 
in order  to determine the wavelength of light from a laser. 

  

(a) The student has a double slit of known separation. Describe the  
measurements that need to be taken, the instruments used to take them 
 with and explain how they are used to find  the wavelength of the 
light. 
 Discuss any necessary safety precautions and how you would arrange 
the  apparatus to improve accuracy.                                  
[10] 

(b) The two slits act as two coherent sources of light. 

(i) Explain what is meant by coherent light sources.   
 [2] 

(ii) Sketch a graph to show the intensity variations of light on the screen.
 [3] 

(iii) Explain the pattern observed in terms of the superposition principle.
  
             (You should use the term “path difference” in your answer.)              
 [4] 

(c) Light of wavelength 6.515 × 10−7 m is incident normally on a diffraction 
grating and a  first order image is observed at an angle of 17o59’ from the normal. 
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(i) Determine the value of the grating spacing.     [2] 

(ii) At what angle would the first order image, obtained from light of 
wavelength         5.520 × 10−7 m, be observed?     
  [2] 

(iii) What is the highest order that will be visible with this wavelength? 
 [2] 
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