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● Answer all questions.
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● You may use a calculator.
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INFORMATION
● The total mark for this paper is 68.
● The number of marks for each question or part question is shown in brackets [ ].



1 (a) State the principle of moments.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

(b) A hollow plastic sphere is attached at one end of a bar. The sphere is partially submerged in
water and the bar is attached to a fixed vertical support by a pivot P, as shown in Fig. 3.1.
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Fig. 3.1 (not to scale)

The sphere has weight 0.30 N. The distance from P to the centre of gravity of the sphere is 
0.29 m. Assume that the weight of the bar is negligible.

Calculate the moment of the weight of the sphere about P.

moment =  ..................................................  N m [2]



(c) The system shown in Fig. 3.1 is part of a mechanism that controls the amount of water in a
tank.

Water enters the tank and causes the sphere to rise. This results in the bar becoming
horizontal. Fig. 3.2 shows the system in its new position.
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Fig. 3.2 (not to scale)

In this position the rod R exerts a force to compress a horizontal spring that controls the water 
supply to the tank. R is positioned at a perpendicular distance of 0.017 m above P.

The variation of the force F applied to the spring with compression x of the spring is shown in 
Fig. 3.3.
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(i) Use Fig. 3.3 to calculate the spring constant k of the spring.

k =  ...............................................  N m–1 [2]

(ii) At the position shown in Fig. 3.2, the system is stationary and in equilibrium.

The radius of the sphere is 0.0480 m and 26.0% of the volume of the sphere is
submerged.
The density of water is 1.00 × 103 kg m–3.

Show that the upthrust on the sphere is 1.18 N.

[2]

(iii) By taking moments about P, determine the force exerted on the spring by the rod R.

force =  .....................................................  N [2]



(iv) Calculate the elastic potential energy EP of the compressed spring.

EP =  ......................................................  J [2]

(d) When the sphere moves from the position shown in Fig. 3.1 to the position shown in Fig. 3.2,
the upthrust on the sphere does work.
Assume that resistive forces are negligible.

Explain why the work done by the upthrust is not equal to the gain in elastic potential energy
of the spring.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

[Total: 13]



2 A spherical balloon is filled with a fixed mass of gas. A small block is connected by a string to the 
balloon, as shown in Fig. 2.1.
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Fig. 2.1 (not to scale)

The block is held on the ground by an external force so that the string is vertical. The density of 
the air surrounding the balloon is 1.2 kg m–3. The upthrust acting on the balloon is 0.071 N. The 
upthrust acting on the string and block is negligible.

(a) By using Archimedes’ principle, calculate the radius r of the balloon.

r =  .....................................................  m [2]

(b) The total weight of the balloon, string and block is 0.053 N.

The external force holding the block on the ground is removed so that the released block is
lifted vertically upwards by the balloon.

Calculate the acceleration of the block immediately after it is released.

acceleration =  ................................................ m s–2 [3]



(c) The balloon continues to lift the block. The string breaks as the block is moving vertically
upwards with a speed of 1.4 m s–1. After the string breaks, the detached block briefly continues
moving upwards before falling vertically downwards to the ground. The block hits the ground
with a speed of 3.6 m s–1.

Assume that the air resistance on the block is negligible.

(i) By considering the motion of the block after the string breaks, calculate the height of the
block above the ground when the string breaks.

height =  .....................................................  m [2]

(ii) The string breaks at time t = 0 and the block hits the ground at time t = T.

On Fig. 2.2, sketch a graph to show the variation of the velocity v of the block with time t
from t = 0 to t = T.

Numerical values of t are not required. Assume that v is positive in the upward direction.
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[2]

[Total: 9]



 (a) A progressive longitudinal wave travels through a medium from left to right. Fig. 4.1 shows 
the positions of some of the particles of the medium at time t0 and a graph showing the 
particle displacements at the same time t0. 
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Fig. 4.1

Particle displacements to the right of their equilibrium positions are shown as positive on the 
graph and particle displacements to the left are shown as negative on the graph.

The period of the wave is T.

(i) On Fig. 4.1, draw circles around two particles which are exactly one wavelength apart.
[1]

(ii) On Fig. 4.1, sketch a line on the graph to represent the displacements of the particles for

the longitudinal wave at time t0 + T4 . [3]

(iii) State the direction of motion of particle Z at time t0 + T4 .

 .....................................................................................................................................  [1]

(b) The frequency of the wave in (a) is 16 kHz. The distance between particles X and Y is 0.19 m.

Calculate the speed of the wave as it travels through the medium.

speed =  ................................................ m s–1 [3]



(c) A longitudinal sound wave is travelling through a solid. The initial intensity of the wave is I0.
The frequency of the wave remains constant and the amplitude falls to half of its original
value.

Determine, in terms of I0, the final intensity of the wave.

intensity =  .....................................................  I0 [2]

(d) The sound wave in (c) now meets another sound wave travelling in the opposite direction.

(i) State a condition necessary for these two waves to form a stationary wave.

 .....................................................................................................................................  [1]

(ii) State two ways in which a stationary wave differs from a progressive wave.

1  ........................................................................................................................................

 ...........................................................................................................................................

2  ........................................................................................................................................

 ...........................................................................................................................................
[2]

[Total: 13]



 A horizontal string is stretched between two fixed points A and B. A vibrator is used to oscillate the 
string and produce an observable stationary wave.

At one instant, the moving string is straight, as shown in Fig. 5.1.
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Fig. 5.1

The dots in the diagram represent the positions of the nodes on the string. Point P on the string is 
moving downwards.

The wave on the string has a speed of 35 m s–1 and a period of 0.040 s.

(a) Explain how the stationary wave is formed on the string.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

(b) On Fig. 5.1, sketch a line to show a possible position of the string a quarter of a cycle later
than the position shown in the diagram. [1]

(c) Determine the horizontal distance from A to B.

distance =  .....................................................  m [3]



(d) A particle on the string has zero displacement at time t = 0. From time t = 0 to time t = 0.060 s,
the particle moves through a total distance of 72 mm.

Calculate the amplitude of oscillation of the particle.

amplitude =  ..................................................  mm [2]

[Total: 8]



5 (a) Parallel light rays from the Sun are incident normally on a magnifying glass. The magnifying 
glass directs the light to an area A of radius r, as shown in Fig. 5.1.
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Fig. 5.1 (not to scale)

The magnifying glass is circular in cross-section with a radius of 5.5 cm. The intensity of the 
light from the Sun incident on the magnifying glass is 1.3 kW m–2.

Assume that all of the light incident on the magnifying glass is transmitted through it.

(i) Calculate the power of the light from the Sun incident on the magnifying glass.

power =  .....................................................  W [2]

(ii) The value of r is 1.5 mm.

Calculate the intensity of the light on area A.

intensity =  ............................................... W m–2 [1]



(b) A laser emits a beam of electromagnetic waves of frequency 3.7 × 1015 Hz in a vacuum.

(i) Show that the wavelength of the waves is 8.1 × 10–8 m.

[2]

(ii) State the region of the electromagnetic spectrum to which these waves belong.

 .....................................................................................................................................  [1]

(iii) The beam from the laser now passes through a diffraction grating with 2400 lines per
millimetre. A detector sensitive to the waves emitted by the laser is moved through an
arc of 180° in order to detect the maxima produced by the waves passing through the
grating, as shown in Fig. 5.2.
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 Calculate the number of maxima detected as the detector moves through 180° along the 
line shown in Fig. 5.2. Show your working.

number of maxima detected =  .........................................................  [4]

(iv) The laser is now replaced with one that emits electromagnetic waves with a wavelength
of 300 nm.

Explain, without calculation, what happens to the number of maxima now detected.
Assume that the detector is also sensitive to this wavelength of electromagnetic waves.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [2]

[Total: 12]



 (a) For a progressive wave, state what is meant by its period.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

(b) State the principle of superposition.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

(c) Electromagnetic waves of wavelength 0.040 m are emitted in phase from two sources X and
Y and travel in a vacuum. The arrangement of the sources is shown in Fig. 4.1.
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Fig. 4.1 (not to scale)

A detector moves along a path that is parallel to the line XY. A pattern of intensity maxima and 
minima is detected.

Distance XZ is 1.380 m and distance YZ is 1.240 m.

(i) State the name of the region of the electromagnetic spectrum that contains the waves
from X and Y.

 .....................................................................................................................................  [1]

(ii) Calculate the period, in ps, of the waves.

period =  .....................................................  ps [3]



(iii) Show that the path difference at point Z between the waves from X and Y is 3.5 , where  
is the wavelength of the waves.

 [1]

(iv) Calculate the phase difference between the waves at point Z.

phase difference =  .........................................................° [1]

(v) The waves from X alone have the same amplitude at point Z as the waves from Y alone.

State the intensity of the waves at point Z.

 .....................................................................................................................................  [1]

(vi) The frequencies of the waves from X and Y are both decreased to the same lower value.
The waves stay within the same region of the electromagnetic spectrum.

Describe the effect of this change on the pattern of intensity maxima and minima along
the path of the detector.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

[Total: 11]



7 A battery of electromotive force (e.m.f.) 12 V and negligible internal resistance is connected to a 
network of two lamps and two resistors, as shown in Fig. 6.1.
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Fig. 6.1

The two lamps in the circuit have equal resistances. The two resistors have resistances R and 
28 . The lamps are connected at junction X and the resistors are connected at junction Y. The 
current in the battery is 0.50 A and the current in the lamps is 0.20 A.

(a) Calculate:

(i) the resistance of each lamp

resistance =  ......................................................  [2]

(ii) resistance R.

R =  ...................................................... Ω [2]

(b) Determine the potential difference VXY between points X and Y.

VXY =  ...................................................... V [3]



(c) Calculate the ratio

total power dissipated by the lamps
total power produced by the battery .

ratio =  .........................................................  [2]

(d) The resistor of resistance R is now replaced by another resistor of lower resistance.

State and explain the effect, if any, of this change on the ratio in (c).

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

[Total: 11]



 (a) The nuclide 14
6C (carbon-14) is unstable and undergoes – decay, emitting a high-energy 

electron and an antineutrino to form a new nuclide X. The equation for this decay is shown. 

14
6C  

.......

.......X  +  
.......
.......e–  +  0

0

Complete the equation. [2]

(b) (i) State the equation for – decay in terms of the fundamental particles involved.

[1]

(ii) Use your equation from (b)(i) to show how charge is conserved in – decay.

[1]

(c) Neutrinos were first proposed to exist more than 20 years before they were directly detected,
in order to explain a particular experimental observation about -decay.

(i) State an observation about -decay that is explained by the existence of neutrinos.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

(ii) Suggest how the existence of neutrinos explains the observation in (c)(i).

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

[Total: 6]


