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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

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, me = 9.11 × 10–31 kg

rest mass of proton, mp = 1.67 × 10–27 kg

molar gas constant, R = 8.31 J K–1 mol–1

the Avogadro constant, NA = 6.02 × 1023 mol–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 = ut + 1
2 at 2

 v2 = u2 + 2as

refractive index, n = 1
sinC

capacitors in series, 1
C

 = 1
C1

 + 1
C2

 + . . .

capacitors in parallel, C = C1 + C2 + . . .

capacitor discharge, x = x0e–t/CR

pressure of an ideal gas, p = 1
3 

Nm
V

<c2>

radioactive decay, x = x0e–λt

 t �� = 0.693
λ

critical density of matter in the Universe, ρ0 = 
3H0

2

8�G

relativity factor,  = √ (1 – v2

c2 )

current, I = nAve

nuclear radius, r = r0A1/3

sound intensity level,  = 10 lg ( I
I0

)
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Answer all the questions.

1 (a) Define the refractive index of a transparent medium.

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

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

 (b) Fig. 1.1 shows a right-angled glass prism with a ray of light incident at 90° to side AB.

A

60°

30°B C

Fig. 1.1

  The refractive index of the glass is 1.53.

  (i) Calculate the speed of light in the prism.

 speed of light =  ................................................  m s–1 [2]

  (ii) Calculate the critical angle for a glass/air interface of the prism.

 critical angle =  ........................° [2]

  (iii) By drawing on Fig. 1.1 show the approximate path of the ray through the prism. There is 
no need to measure any angles but where the ray meets an interface the normal should 
be drawn. [2]
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 (c) Fig. 1.2 shows a 45° right-angled glass prism. The refractive index of the glass is also 1.53.

45°

45°

Fig. 1.2

  (i) Draw rays on Fig. 1.2 to show how light may be reflected through 180° by this prism. [2]

  (ii) Suggest a practical application of using this shape of prism to reflect light by 180°.

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

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

 [Total: 10]
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2 Fig. 2.1 shows an optic fibre used for data transmission.

core cladding

Fig. 2.1

 (a) Explain what is meant by multipath dispersion in an optic fibre used for data transmission.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [3]

 (b) The refractive index of the core is only slightly greater than that of the cladding so that the 
critical angle for the core-cladding interface is just less than 90°. State and explain how such 
a large value for the critical angle improves the quality of the data pulses that are received 
after being transmitted along the fibre.

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

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

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

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

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

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

 [Total: 5]
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3 (a) State what is meant by the diffraction of waves.

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

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

 (b) (i) Draw a labelled diagram to show how plane water waves, in a ripple tank, are diffracted 
as they pass through a gap whose width is about the same as the wavelength of the 
water waves.

 [3]

  (ii) Describe how the diffraction changes for these waves if the gap is increased to be much 
bigger than the wavelength.

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

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

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

 [Total: 6]
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4 Fig. 4.1 shows a graph of displacement y against time t for a point on a wave.

4
y/mm

3

2

1

0

-1

-2

-3

-4

0.0005 0.001 0.0015 0.002 0.0025 0.003 t /s

Fig. 4.1

 (a) Use Fig. 4.1 to determine, for this wave

  (i) the amplitude

 amplitude =  ..................  mm [1]

  (ii) the displacement

    1 when t = 0.40 ms  displacement =  ................... mm [1]

    2 when t = 1.80 ms  displacement =  ................... mm [1]

  (iii) the period   period =  .................... ms [1]

  (iv) the frequency.

 frequency =  ....................  Hz [2]

 (b) Draw on Fig. 4.1 the displacement-time graph, for the time interval of 0.0030 s, for a wave of 
half the frequency and half the amplitude of the wave shown in Fig. 4.1. [2]
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 (c) Fig. 4.2 shows, at a given instant, the shape of a stretched rope along which a transverse 
wave is travelling from left to right. A, B, C and D are four particles on the rope.

direction of travel of wave

0.18m

A B D

C

Fig. 4.2

  (i) On Fig. 4.2 label the wavelength λ of the wave. [1]

  (ii) The distance between A and B is 0.18 m. The frequency of the wave is 5.0 Hz.
   Calculate the speed of the wave.

 speed =  ................  m s–1 [3]

  (iii) On Fig. 4.2 sketch the shape of the rope a very short time later. [1]

  (iv) On Fig. 4.2 draw arrows to show the directions in which the particles B and C are moving 
during this very short time. [2]

   (v) State the phase difference between the vibrations of particles A and D.

 phase difference =  ....................................... unit ........... [2] 

 [Total: 17]
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5 (a) Explain what is meant by the principle of superposition.

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

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

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

 (b) In an experiment to produce observable interference fringes, two coherent, monochromatic 
(one wavelength) light sources, S1 and S2, are placed in front of a white screen, as shown in 
Fig. 5.1.

a

D

P

screen

O

S1

S2

Fig. 5.1

  (i) The point P is the position of the first dark (minimum intensity) fringe closest to the 
central bright (maximum intensity) fringe at O. State, in terms of the wavelength λ, the 
path difference between S1P and S2P.

 path difference =  .........................................................  [1]

  (ii) Show on Fig. 5.1 the approximate position of the first bright fringe on the screen closest 
to the central bright fringe at O. Label this B. [1]

  (iii) In a particular experiment, the distance D from the sources to the screen is 1.6 m. The 
wavelength of the light is 6.4 × 10–7 m and the distance between O and P is 3.6 mm. 
Calculate the distance a between the sources S1 and S2.

 a =  .....................................................  m [3]

 [Total: 7]

END OF QUESTION PAPER
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