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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,
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c=3.00x 108 ms™!
e = 4 x 107 Hm!
€, =8.85x 10712 Fm

e=1.60x10"1°C

h=6.63x10"34Js

u=1.66x1072" kg
m, =9.11x 10731 kg
m, = 1.67 x 1077 kg

R =8.31 JK"'mol™
N, = 6.02 x 1023mol™"
G=6.67x10"""Nm2kg=

g=9.81ms™



Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,
capacitor discharge,

pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,
relativity factor,

current,

nuclear radius,

sound intensity level,
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Answer all the questions.

1 (a) State whatis meant by the diffraction of waves.

(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.

[3]
(ii) State what effect, if any, is caused by using a wider gap.

[Total: 5]
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2 (a) Define the refractive index of a transparent material. Identify any symbols used.

(b) Complete the table below by calculating the speed of light in water and the refractive index of
diamond.

material refractive index speed of light '”_Ehe
material /ms
water 1.33
diamond 1.24 x 108
[3]
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(c) Fig. 2.1 shows a ray box and a rectangular glass block placed on a sheet of paper.

ray box

incident ray

glass block

emergent ray lateral

displacement

Fig. 2.1

A ray of light enters the block and leaves from the other side as shown. The ray is laterally
displaced when it leaves the block.

(i) State why the ray is laterally displaced.
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(iii) Describe how you would use the apparatus shown in Fig.2.1 to determine the
refractive index of the glass. Draw on Fig. 2.1, or in the space below, to help explain your
answetr.

[3]

[Total: 11]
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8

An optic fibre is used for the transmission of light signals. It consists of a central core surrounded
by cladding.

(@) (i) How does the value of the refractive index of the cladding compare with that of the
core?

fibre?
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refractive index of the cladding
refractive index of the core

(c) The ratio for a typical optic fibre is 0.98.

(i) Calculate the critical angle for the core/cladding interface.

critical angle = ............ ° 2]

(ii) By referring to the problem of multipath dispersion, explain why it is an advantage to
have a high value for the critical angle.

[Total: 10]
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4 Fig. 4.1 shows a displacement-time graph for a wave source.

displacement/cm
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Fig. 4.1
(a) Use Fig. 4.1 to determine for this wave source
(i) the amplitude
amplitude = ...l cm [1]
(ii) the displacement when t= 1.80 ms
displacement= ........................ cm [2]
(iii) the period
period = ........ccoeiiennn. ms [1]
(iv) the frequency.
frequency = ................ Hz [2]
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(b) The speed of the waves produced by this wave source is 3.0 x 102ms~'. Calculate their
wavelength.

wavelength=........................ m [2]

[Total: 8]
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5 (a) (i) State three phenomena that apply to all transverse and longitudinal waves.

< YOO [2]

(ii) State a wave phenomenon that applies to transverse waves only.

(b) Fig. 5.1 shows an arrangement that can be used to determine the wavelength of microwaves.

[ ] metal plate

transmitter

Fig. 5.1

Microwaves leave the transmitter and move in a direction TP which is at right angles to the
metal plate. A standing (stationary) wave is formed between T and P.

(i) State what is meant by a standing wave and explain how it is formed in this case.
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(ii) When a small microwave detector D is moved slowly from T towards P the signal received
changes from strong to weak to strong to weak etc. The distance between the positions
of neighbouring weak signals is 1.4 cm.

Calculate for these microwaves

1 the wavelength

wavelength = ............ cm [1]

2 the frequency.

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

(iii) Describe how you could test whether the microwaves leaving the transmitter were plane
polarised.

[Total: 11]

END OF QUESTION PAPER
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