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Data   

speed of light in free space, c = 3.00 x 108 m s-1 

elementary charge, e = 1.60 x 10-19 C 

the Planck constant, h = 6.63 x 10-34 J s 

unified atomic mass constant, u = 1.66 x 10-27 kg 

rest mass of electron, me = 9.11 x 10-31 kg 

rest mass of proton, mp = 1.67 x 10-27 kg 

acceleration of free fall, g = 9.81 m s-2 
 
 
 
 
 
 

Formulae   

uniformly accelerated motion, s = ut + ½at2 

 v2 = u2+ 2as 

work done on/by a gas, W = pV 

hydrostatic pressure, p = gh 

resistors in series, R = R1 + R2 + … 

resistors in parallel, 1/R = 1/R1 + 1/R2 + … 
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Section A 
 

Answer all the questions in this section.  
 

1 (a) Complete Fig. 1.1 to show each quantity and its base units. 
 

Quantity Base Unit 

speed m s-1 

density  

 kg m2 s-3 

voltage  

[3]
Fig. 1.1 

 
 

 (b) Two parallel strings S1 and S2 are attached to a disc of diameter 12 cm, as shown in 
Fig. 1.2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.2 
 
The disc is free to rotate about an axis normal to its plane. The axis passes through 
the centre C of the disc.  
 
A lever of length 30 cm is attached to the disc. When a force F is applied at right 
angles to the lever at its end, equal forces are produced in S1 and S2. The disc 
remains in equilibrium. 
 

  (i) On Fig. 1.2, show the direction of the force in each string that acts on the disc. 
    [1]

 
 
 
 
 
 

string S2 

string S1 

force F 

lever 

C 

30 cm 

12 cm 

disc 
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  (ii) For a force F of magnitude 150 N, determine 

 
   1. the moment of force F about the centre of the disc, 

 
 
 
 
 
 

    moment =   N m [1]
 

   2. the torque of the couple produced by the forces in the strings, 
 
 
 
 
 
 

    torque =   N m [1]
 

   3. the force in S1. 
 
 
 
 
 
 
 
 

  
 
 
 

  force =   N [2]
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2 A steady stream of water strikes a wall horizontally without rebounding, and, as a result, 
exerts a force on the vertical wall. 
 

 (a) With reference  to Newton’s Laws of motion,  
 

  (i) state and explain why the momentum of the water changes as it strikes the 
wall, 
 

    
 

    
 

    
 

    
 

    
 

    [3]
 

  (ii) explain why the water exerts a constant force on the wall. 
 

    
 

    [1]
 

 (b) Water arrives at the wall at a rate of 18 kg s-1. It strikes the wall horizontally, at a 
speed of 7.2 m s-1 without rebounding. Calculate 
 

  (i) the change in momentum of the water in one second, 
 
 
 
 
 

    change in momentum =  kg m s-1 [2]
 

  (ii) the force exerted by the water on the wall. 
 
 
 

    force =  kg m s-2 [1]
 

 (c) State and explain the effect on the magnitude of the force if the water rebounds after 
striking the wall. 
 

   
 

   
 

   [2]
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3 (a) What do you understand by progressive wave? 

 
   

 
   [1]

 
 (b) A radar transmitter produces pulses of microwaves each with a mean power 

P = 2.0 MW which are emitted uniformly in all directions.  A small spherical target of 
effective area S is placed at a distance of 50 km from the transmitter.  The target 
reflects k of the energy incident on it uniformly in all directions as shown in Fig 3.1.   

 
Fig. 3.1 

 
  (i) Calculate the mean intensity of the emitted pulse at a range of 50 km. 

 
 
 
 
 
 
 

    intensity  =   W m-2 [2] 
 

  (ii) Given that S = 1.0 m2.  Calculate the power received by a target.   
 
 
 
 
 
 

    power =   W [2] 
 

  (iii) Assuming that the fraction of energy reflected is k = 0.50, calculate the mean 
intensity of the reflected pulse when received back at the transmitter. 
 
 
 
 
 
 
 
 
 

    intensity =   W m-2 [3] 

transmitter 
target 

50 km 
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4 A household electric lamp is rated as 240 V, 60 W. The filament of the lamp is made from 

tungsten and is a wire of constant radius 6.0 x 106 m. The resistivity of tungsten at the 
normal operating temperature of the lamp is 7.9 x 107  m.  
 

 (a) State Ohm’s law. 
 

   
 

   
 

   [1]
 

 (b) For the lamp at its normal operating temperature, 
 

  (i) calculate the current in the lamp,  
 
 
 
 
 
 

    current =   A [1] 
 

  (ii) show that the resistance of the filament is 960 .  
 
 
 
 
 
   [1] 
 

 (c) Calculate the length of the filament.  
 
 
 
 
 
 
 
 

    length =   m [2] 
 

 (d) Comment on your answer to (c). 
 

   
 

   [1]
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 (a) State the resistance of the thermistor when it is placed at 12 oC.  

 
    resistance =    [1]

 
 (b) Deduce the reading on the voltmeter at 12 oC.  

 
 
 
 
 
 
 
 
 

    reading =   V [2]
 

 (c) The circuit is now placed in a room at an unknown temperature T. The voltmeter 
reading is 1.13 V. Find T.    
 
 
 
 
 
 
 

    temperature =   C [3]
 

   
 (d) The voltmeter is later found to be non-ideal with a resistance of 8.0 k. Find the 

value of the voltmeter when it is set up in Fig. 5.1 at a temperature of 12 oC.  
 
 
 
 
 
 
 
 
 
 
 
 

    value =   [2]
 

 (e) Suggest one way to ensure the reading in (d) is as close to the true reading as 
possible. 
 

   
 

   [1]
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  (iii) Calculate the time of flight of the car just before it crashes into the ground.  
 
 
 
 
 
 

    time =   s [2]
 

  (iv) Find the distance from the foot of the cliff where the car will land. 
    

 
 
 
 
 
 
 

    distance =   m [2] 
 

  (v) The car landed at a distance from the foot of the cliff. In the process, the car 
has lost 90% of its mechanical energy after its collision with the ground. It 
continues to move forward with a speed u.  
 

   1.  Find u.          
 
 
 
 
 
 
 

    u =   m s-1 [2]
 

   
   2.  The mass of stationary car is 1200 kg. Assume that the road between the 

cars is frictionless, find the resultant speed of the 2 cars if the collision 
between them is perfectly inelastic.      
  

 
    
    

 
 
 
 
 
 
 

    speed =   m s-1 [2]
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7 (a) (i) Define magnetic flux density in terms of the force on a current carrying 
conductor.   
 

   
 

   
 

   
 

   [2]
 

  (ii) Fig. 7.1 shows a rectangular coil ABCD with sides 3L and 2L carrying a current 
I is next to a long straight wire XY carrying a current 4I 

Fig. 7.1 
  
   1. Indicate clearly on the diagram, the direction of the forces acting on the 

current in section AB, BC, CD and DA. [2]
 

   2.  Hence, explain the resultant force acting on the coil ABCD.  
 

   
 

   
 

 
 

  [2]
 

 (b) Sketch the form of the magnetic field due to 
 

  (i) a long, straight current-carrying wire.    [2]
   

 
 
 
 
 
 
 
 
 
 

Y

B

CD

A 

X
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  (ii) two long straight conductors with current in the same direction,  [2]
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  (iii) a long helical coil.  [2]
 
 
 
 
 
 
 
 
 
 
 
 

 (c) Fig. 7.2 shows a square coil with sides of 8.0 cm and consisting of 50 turns of wire 
wound on an insulating frame is freely pivoted about a horizontal axis XY.  The coil is 
in a magnetic field of flux density B.   
 
When no current flows in the coil, the plane of the coil Is vertical.  When a current of 
5.7 A flows in the coil, a rider of 3.6 g placed at distance d = 0.12 m from the pivot is 
required to restore equilibrium. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7.2 

X 

Y B 

Coil 

Rider d 
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  (i) Mark the direction of the current in the coil, and the direction of the magnetic 
forces on the sides of the coil. [2]

    
  (ii) Calculate the magnetic flux density of the coil. [3]
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  (iii) If the current in the coil is from a battery of constant e.m.f. and negligible 
internal resistance, discuss the effect on the value of d if the coil is replaced by 
another square coil of sides 4 cm with 100 turns of the same wire.  
 

   
 

   
 

   
 

   
 

   
 

   
 

   
 

   [3]
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  (i) The light of a wavelength of 434 nm from the hydrogen discharge tube was 
selected to shine on the photocell. The ammeter shows a current of 
1.2  10-7 A. Calculate 
 

   1. the charge reaching the detector in 5.0 s,  
 
 
 

    
    charge =  C [1]

 
   2. the number of photoelectrons reaching the collector in 5.0 s. 

 
 
 
.  

    number of electrons =    [1]
 

  (ii) The work function energy of the metal is 2.2 eV. Calculate 
 
1. the maximum kinetic energy of an ejected photoelectron, 
 
 
 
 
 
 
 

    energy =  J [2]
 

   2. the potential to stop the most energetic electrons from reaching the 
collector. 

 
 
 
 
 

    potential =  V [1]
 

  (iii) The intensity of the incident radiation is doubled but the wavelength is kept 
constant. State and explain the effect this has on each of the following 
 

    
   1. the maximum kinetic energy of each photoelectron 

.  
   

 
   

 
   

 
   [2]
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   2. the current in the photocell. 

.  
   

 
   

 
   

 
   [2]

 
    
 (d) Moving electrons have a wave-like property.  

 
  (i) Calculate the speed v of an electron having a de Broglie wavelength equal to 

the wavelength of the light in (c). 
 
 
 
 
 
 
 
 
 
 

    speed =  m s-1 [2] 
 

  (ii) The electrons are directed into a thin film of graphite. Explain if the wave-nature 
of the electrons moving with the speed in (d)(i) is observable. 
 

   
 

   
 

   
 

   
 

   [2]
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