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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=3.00x108 ms™!
o = 47 x 107 Hm™!
€, = 8.85x 10712 Fm

e=1.60x10"1°C

h=6.63x10"34Js

u=1.66x10"2" kg
m, =9.11x 1031 kg
m, = 1.67 x 1077 kg

R =8.31 JK"'mol™
N, = 6.02 x 1023mol"
G=6.67x10""" Nm2kg—2

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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4
Answer all the questions.

(a) Define the refractive index of a transparent medium

(i) interms of the speed of light

(1]

(ii) in terms of the angle of incidence i and angle of refraction r.

(1]

(b) Fig. 1.1 shows a ray of light in a glass, optic fibre of refractive index 1.46. The angle of
incidence of the ray at the glass/air interface is 40°.

I air
//: glass
Fig. 1.1
(i) Calculate the angle of refraction of the ray.
angle of refraction = ... ° 3]

(ii) Show that the critical angle at the glass/air interface is 43°.

[2]

(iii) Describe the path followed by a ray of light that reaches the glass/air interface at an
angle of incidence of 60°.
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(c)

cladding

glass
core

Fig. 1.2

Fig. 1.2 shows the glass fibre core, of refractive index 1.46, surrounded by transparent
cladding of refractive index 1.40.

(i) Calculate the speed of light

1 in the glass core

2 in the cladding.

(ii) State and explain, without further calculations, how the critical angle for this core/cladding
interface compares with the critical angle for the glass/air interface in (b).

(iii) Apart from any protection it provides for the core explain why the use of cladding may be
an advantage for optic fibres used in telecommunications.

[Total: 14]
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(@) Complete the table below by writing, alongside the definition, the appropriate symbol of the
travelling wave characteristic chosen from the following list:

period T, amplitude a, wavelength A, frequency f, speed v

definition symbol

number of cycles produced per unit time

maximum displacement

minimum distance between points on the wave moving in phase

distance travelled by the wave per unit time

time taken to complete one wave cycle

[3]
(b) A wave source has a frequency of 125Hz and an amplitude of 3.0mm.

(i) Calculate the period of the wave.

(ii) Onthe gridin Fig. 2.1, sketch a graph showing the variation with time t of the displacement
x of the source. Assume x = 0 when t = 0 and draw at least one complete oscillation.

Label this graph A. [3]
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(iii) On Fig. 2.1 sketch a second oscillation of the same frequency and amplitude but with a
phase difference of 90° to the original oscillation. Label this graph B. [2]

x/mm
5

4

t/ms

Fig. 2.1

(iv) The speed of the waves is 340ms~'. Determine their wavelength.

wavelength = ... m [2]

[Total: 11]
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(@) With reference to the vibrations involved, state the difference between transverse and
longitudinal waves. State an example of each.

example Of @ trANSVEISE WAVE: .........cccuuiiiiiiiiee ettt e e
example of a 1oNGItudINGl WAVE: .........cooiiiiieeei e [3]

(b) State one similarity and one difference between progressive waves and standing (stationary)

waves.
] 10011 =T YOO
(o 11121 =T 0 o7 = PP PPPRI
............................................................................................................................................... [2]
(c) Explain what is meant by
(i) a node
....................................................................................................................................... [1]
(ii) an antinode.
....................................................................................................................................... [1]

(d) The distance between a node and the neighbouring antinode in a standing wave formed on a
stretched string is 0.12m. Calculate the wavelength.

wavelength = ... m [1]
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(e) Describe and explain how a standing wave can be formed using a suitable source of
longitudinal waves. State the wave source and describe the arrangement using a labelled
diagram. Label the position of a node (label as N) and an antinode (label as A).

[Total: 12]
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(@) Explain what is meant by the principle of superposition of two waves.

(b) Fig. 4.1 shows an arrangement to produce an observable interference pattern. S, and S, are
two coherent light sources separated by a distance of 0.20mm. They are positioned 1.8 m in
front of a screen.

Screen
—————— =—==7TP
S -~-~"" "7 ”,,”’/
O.20mm¢ e T o
820’”
= 18m -
Fig. 4.1

(i) A series of bright images is formed on the screen. One image is at the centre of the
interference pattern at O and another is at P. State, in terms of the wavelength A, two
possible values for the path difference between S,P and S,P.

[1]

(ii) The wavelength of the light leaving S, and S, is 6.4 x 10~"m. Calculate the distance
between neighbouring bright images on the screen.

AIStANCE = ..o m [3]
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(iii) State and explain how the interference pattern changes when coherent wave sources of
higher frequency are used, assuming that all other factors remain the same.

[Total: 8]

END OF QUESTION PAPER
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