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3 The diagram shows a light ray passing though a semicircular block of glass.

The dotted line is the normal to the surface at X.

When the light ray hits the surface as shown, all of it is reflected back inside.

(a) (i) Name the process shown in the diagram.
(2)

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

(ii) What is the angle labelled �?
(1)

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

X

45º �
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(b) The diagram shows another light ray entering a right-angled glass block.

It hits the inside surface at Y as shown.

Add to the diagram to complete the path of the ray.
(3)

(Total for Question 3 = 6 marks)

45º

Y
45º

45º
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4 This question is about sound waves.

(a) Sound waves are
(1)

�� � A electromagnetic waves

�� � B ionising radiation

�� � C longitudinal waves

�� � D transverse waves

(b) Describe an experiment to measure the speed of sound in air.
(5)
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(c) The speed of sound in air is different for different heights above sea level.

The graph shows how the speed of sound varies with height.

(i) Use the graph to estimate the speed of sound in air 6000 m above sea level.
(1)

Speed = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m/s

(ii) Describe the pattern shown by the graph.
(2)
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12 000 –

10 000 –

8000 –

6000 –

4000 –

2000 –

0 ––

290

–

300
–

310

–

320

–

330

–

340

–

350

height above 
sea level  

in m

speed of sound 
in m/s
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(iii) Some aeroplanes can travel faster than the speed of sound.

When an aeroplane travels faster than the speed of sound it causes a shock wave.
People on the ground hear this shock wave as a sonic boom.

A student says

Do you agree with the student?

Explain why.
(2)
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(Total for Question 4 = 11 marks)

It is easier for an aeroplane to make a 
sonic boom when it travels higher up.
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5 (a) Which diagram shows the reflection of a ray of light at a plane mirror?
(1)

A C D

(b) The diagram below shows a ray of light as it passes from air into a glass block.

The angle of incidence is 43° and the light is refracted as shown.

(1)

(1)

(i) On the diagram, draw the normal for this refraction.

(ii) On the diagram, mark the angle of refraction.

(iii) Measure the angle of refraction.
(1)

angle of refraction = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
°
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(iv) State the relationship between refractive index, angle of incidence and angle
of refraction.

(1)

(v) Calculate the refractive index of the glass.
(2)

refractive index = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(c) The diagram shows how light can travel in a glass fibre.

(i) What is the name given to the effect shown?
(1)

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

(ii) Explain what is happening to the light in the glass fibre.
(3)
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(Total for Question 5 = 11 marks)

light
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6 A student plans to measure the refractive index of glass.

She traces a ray of light through a glass block as shown in the diagram.

A
B

D
C

(1)
(a) Which letter represents the angle of refraction?

A

B

C

D

(b) Explain how the student can use the glass block to find an accurate value for the
refractive index of glass.

(4)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(Total for Question 6 = 5 marks)
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7   In 1969, astronauts left a reflector on the surface of the Moon.

Author: Gregory H. Revera

The reflector consists of mirrors at 90° to each other.

Scientists on Earth aim light from a laser at the reflector.

This light reflects back to them.

(a) The diagram shows two mirrors in the reflector.

Complete the diagram to show the path of the ray of light.
(2)

ray of light 
from Earth

site of reflector
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(b) The speed of light in a vacuum is 300 000 km/s.

The average time for a ray of light to travel to the Moon and back is about 2.6 s.

Show that the Moon is about 400 000 km from the Earth.
(3)

(c) Scientists measure the time for the light to travel to the Moon and back very accurately,
but the time is different every day.

The graph shows how these times change over the period of one month.

2.75

2.70

2.65

2.60

2.55

2.50

2.45

time 
in s

1 Feb 8 Feb 22 Feb 1 Mar15 Feb

date of reading
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(i) Suggest what can be deduced about the orbit of the Moon from the information
in the graph.

(3)
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(ii) The scientists also discovered that the average time for light to travel to the
Moon and back increases gradually every year.

What further information does this give about the orbit of the Moon?
 (1)
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(Total for Question 7 = 9 marks)
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