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3. Waves Starter Quiz ·课前小测

IGCSE Physics Name: Score:

1. A wave carries matter along with it from place to place.

□ True □ False

2. A ray hits a plane mirror at 30° to the normal. At what angle to the normal does it reflect?

□ 30° (angle of reflection = angle of incidence)

□ 60°

□ 90°

□ 0°

3. A converging lens makes parallel rays of light:

□ meet at the principal focus

□ spread out as if from a point

□ carry straight on unchanged

□ stop completely

4. In a vacuum, how do the speeds of radio waves, light and gamma rays compare?

□ they all travel at the same speed

□ gamma rays are fastest

□ radio waves are fastest

□ visible light is fastest

5. Sound travels as a series of:

□ compressions and rarefactions (a longitudinal wave)

□ crests and troughs at right angles to travel

□ electromagnetic waves

□ still particles

6. A wave has frequency 5.0 Hz and wavelength 2.0 m. What is its speed, in m/s?

m/s

7. An image in a plane mirror is:

□ virtual, the same size, and as far behind the mirror as the object is in front

□ real and can be shown on a screen
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□ smaller than the object

□ upside down

8. The distance from the lens to its principal focus is called the ____ length.

9. Sound can travel through a vacuum (empty space).

□ True □ False

10. A sound wave travels at 330 m/s with a frequency of 110 Hz. What is its wavelength, in m?

m

IGCSE Physics · Starter quiz 课前小测 23



3. Waves Answers ·答案

IGCSE Physics

1. False

A wave carries energy, not matter. A floating cork bobs up and down but does not travel with the wave.

2. 30° (angle of reflection = angle of incidence)

The law of reflection: the angle of reflection equals the angle of incidence, both measured from the normal.

3. meet at the principal focus

A converging (convex) lens bends parallel rays inward so they meet at the principal focus.

4. they all travel at the same speed

All electromagnetic waves travel at the same speed in a vacuum, 3.0× 108 m/s.

5. compressions and rarefactions (a longitudinal wave)

A vibrating source squeezes and stretches the air into compressions and rarefactions — a longitudinal wave.

6. 10 m/s

v = fλ = 5.0× 2.0 = 10 m/s.

7. virtual, the same size, and as far behind the mirror as the object is in front

A plane mirror gives a virtual image, the same size, the same distance behind the mirror — it cannot be caught
on a screen.

8. focal

The focal length is the distance from the centre of the lens to the principal focus.

9. False

Sound needs particles to pass the vibration along, so it cannot travel through a vacuum.

10. 3 m

Rearrange v = fλ: λ =
v

f
=

330

110
= 3.0 m.
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IGCSE PHYSICS • EXERCISE SHEET

3.1 General properties of waves

Name: Class: Date: Total: 10 marks

KEY WORDS wave波• transverse wave横波• longitudinal wave纵波• wavelength波长• amplitude振幅

Objective
Build the skills to answer exam questions on the general properties of waves 波的
性质 — the wave terms, the wave equation v = fλ, transverse vs longitudinal, and
reflection/refraction/diffraction 衍射.

You must be able to:

• use v = fλ and define wavelength, frequency, amplitude
• distinguish transverse and longitudinal waves
• describe reflection, refraction and diffraction

1 Worked examples

The wave equation

rest

amplitude

crest wavelength λ

trough

direction of travel

Wavelength = crest-to-crest distance; amplitude = rest-to-crest height; v = fλ

IGCSE Physics • 3.1 General properties of waves 1
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plane waves

curved waves spread out

Diffraction is strongest when the gap is about one wavelength wide

Sound v = 340 m/s, f = 170 Hz: λ =
v

f
=

340

170
= 2.0 m.

2 Practice
2.1 A wave has frequency 50 Hz and wavelength 0.40 m. Find its speed. [2]

2.2 State the difference between a transverse and a longitudinal wave. [1]

IGCSE Physics • 3.1 General properties of waves 2
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3 Exam-style questions
3.1 The number of complete waves passing a point each second is the: [1]

• A wavelength
• B amplitude
• C frequency
• D wave speed

3.2 Water waves of wavelength 0.020 m travel at 0.30 m/s.

(a) Find their frequency. [2]

(b) State and explain what happens to the waves as they pass through a gap about 0.02 m
wide. [2]

3.3 A radio wave has a speed of 3.0× 108 m/s and a frequency of 1.0× 108 Hz. Find its
wavelength. [2]

IGCSE Physics • 3.1 General properties of waves 3
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Solutions
2.1 v = fλ = 50× 0.40 = 20 m/s.

2.2 in a transverse wave the particles vibrate at right angles to the travel direction; in a
longitudinal wave they vibrate along it.

3.1 C. Frequency is the number of waves per second.

3.2 (a) f =
v

λ
=

0.30

0.020
= 15 Hz.

(b) the waves spread out (diffract); because the gap is about the same size as the wave-
length.

3.3 λ =
v

f
=

3.0× 108

1.0× 108
= 3.0 m.

IGCSE Physics • 3.1 General properties of waves 4
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16 Two metal cans are identical, except that one has a shiny silver outer surface and the other has a 
dull black outer surface. They each have the same mass of hot water at the same temperature 
sealed inside them. They are both in a vacuum in the darkness of outer space. 

 
How does the temperature of the water in each one change? 

A The temperature of the water does not change. 

B The water in the black can cools more slowly than that in the silver can. 

C The water in the silver can cools more slowly than that in the black can. 

D They both cool down at the same rate. 
 
 
17 A ray of light reflects from a plane mirror. 
 

The angle between the incident ray and the surface of the mirror is 35°. 
 

Which statement is correct? 

A The angle of incidence is 35°. 

B The angle of incidence is 55°. 

C The angle of reflection is 70°. 

D The angle of reflection is 110°. 
 
 
18 Parallel waves in a ripple tank are diffracted as they pass through a gap in a barrier. 
 

Three changes that can be made to this arrangement are listed. 
 

1 Decrease the wavelength of the waves. 

2 Increase the amplitude of the waves. 

3 Decrease the size of the gap. 
 

Which changes will cause the shape of the diffracted waves to be less curved? 

A 1, 2 and 3 B 1 and 3 only C 1 only D 2 and 3 only 
 
 IGCSE Physics: w25 22
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15 A lamp has a metal filament that glows when heated by an electric current. 
 

The middle of the filament has a very high temperature. The ends of the filament are connected 
to the base of the lamp and are cooler. 

 
Which statement is correct? 

A Some thermal energy is conducted to the base of the lamp. 

B The filament radiates energy equally at all points along its length. 

C The lamp transfers all of the input energy as visible light. 

D When the potential difference (p.d.) across the filament is halved, the power output is halved. 
 
 
16 A liquid passes through pipes inside a refrigerator. The liquid warms as the inside of the 

refrigerator cools. The warm liquid is then passed through pipes on the outside of the refrigerator 
to cool it before it goes back through the refrigerator. 

 
The diagrams show two designs for the outside cooling pipes. One design has copper rods, 
called fins, attached to the pipes. 

 
warm
liquid

cool
liquid

outside
pipes

warm
liquid

cool
liquid

outside
pipes

fins

 
 

The outside pipes and fins can be painted silver or black. 
 

Which design of outside pipes will cool the liquid most quickly? 

A painted black with fins 

B painted black without fins 

C painted silver with fins 

D painted silver without fins 
 
 
17 An earthquake-monitoring station records the arrival of 16 complete wavelengths of an 

earthquake wave in a time of 20 s. 
 

The speed of the earthquake wave is 6.0 km / s. 
 

What is the wavelength of the earthquake wave? 

A 1.3  10–
 
4

 m B 2.1  10–
 
4

 m C 4.8  103
 m D 7.5  103

 m 
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17 The diagram shows a cork with a weight attached so that the cork floats upright in water. 
 

X Y

cork water surface

weight  
 

Transverse waves travel across the water from X to Y. 
 

In which direction do the waves make the cork move? 

A   right and left 

B  up and down 

C  only to the right 

D  only to the left 
 
 
18 A thin converging lens is used as a magnifying glass. 
 

How does the image compare with the object? 

A real and inverted 

B real and upright 

C virtual and inverted 

D virtual and upright 
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14 Due to an issue with question 14, the question has been removed from the question paper. 
 
 
15 A solar water heater is designed to absorb energy from sunlight. 
 

Which surface texture and colour would be best for the solar water heater? 

A dull black 

B shiny black 

C dull white 

D shiny white 
 
 
16 Which statement about waves is correct? 

A Waves do not transfer either energy or matter. 

B Waves transfer both energy and matter. 

C Waves transfer energy without transferring matter. 

D Waves transfer matter without transferring energy. 
 
 
17 The angle of incidence of a ray of light incident on a plane mirror is gradually increased. 
 

To the nearest degree, what is the maximum possible angle between the incident and reflected 
rays? 

A 0 B 45 C 90 D 180 
 
 
18 Which conditions are necessary for light to be totally internally reflected? 
 

 incident light angle of incidence 

A is in the less dense medium less than the critical angle 

B is in the less dense medium greater than the critical angle 

C is in the more dense medium less than the critical angle 

D is in the more dense medium greater than the critical angle 
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5 (a) Describe how a longitudinal wave differs from a transverse wave.

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

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

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

 (b) Fig. 5.1 represents a seismic wave produced by an earthquake.

J K

Fig. 5.1

  (i) State whether this seismic wave is a P-wave (primary) or an S-wave (secondary). 
Justify your choice.

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

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

  (ii) The wave represented in Fig. 5.1 has a wavelength of 1.2 × 104 m.

   Calculate the actual distance between point J and point K.

 distance =  .........................................................  [2]

  (iii) The wave in (ii) travels through the ground at a speed of 4600 m / s.

   As the wave passes a certain point, the ground completes 5 oscillations.

   Calculate the time that it takes for the wave to pass. Show your working.

 time =  .........................................................  [3]

 [Total: 8]311
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16 The diagram shows the view of a room heated by a radiator. The arrowed line from X to Y is the 
path of the convection current in the air. 

 

X Y

radiator

ceiling

floor
 

 
Which row about the air temperature and the air density at X and at Y is correct? 

 
 air temperature air density 

A higher at X higher at X 

B higher at X higher at Y 

C higher at Y higher at Y 

D higher at Y higher at X 
 
 
17 Two men, P and Q, stand close to a gap in a wall, as shown. Man P cannot see man Q but man 

P can hear man Q speaking. 
 

P
Q

gap

 
 

Which statement explains this? 

A Light waves do not diffract at all because they are electromagnetic waves. 

B Light waves have a range of frequencies but sound has just one frequency. 

C Sound waves are of a higher frequency than light waves. 

D Sound waves diffract a lot because their wavelength is a similar size to the width of the gap. 
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18 Which quantities relating to a wave on the surface of water can both be measured in metres? 

A amplitude and frequency 

B amplitude and wavelength 

C amplitude and wave speed 

D frequency and wavelength 
 
 
19 The diagram shows part of a ray diagram that demonstrates the formation of a virtual image Y of 

object X by a converging lens. 
 

X

Y
lensray

 
 

One ray of light from X is shown approaching the lens. 
 

Which arrow shows the direction of this ray as it leaves the lens? 
 

A B C D

 
 
 
20 A ray of light is reflected by a plane mirror. 
 

P S

Q R

 
 

Which row shows the angle of incidence and the angle of reflection? 
 

 angle of 
incidence 

angle of 
reflection 

A P Q 

B P S 

C Q R 

D R S 
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15 Which statements about evaporation of water are correct? 
 

1 Evaporation causes the remaining liquid to cool. 

2 During evaporation, the more energetic particles escape from the surface of the 
liquid. 

3 Evaporation only happens at 100 C. 
 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
16 Some hot water is sealed inside a metal can. The can is in a vacuum in outer space. The hot 

water slowly cools down. 
 

How does the thermal energy escape into space? 

A by conduction then convection 

B by conduction then radiation 

C by evaporation then convection 

D by evaporation then radiation 
 
 
17 The diagrams show graphs of displacement against time for four waves. All the graphs are drawn 

to the same scale. 
 

Which wave has the largest amplitude and the highest frequency? 
 

displacement

A

time

displacement

B

time

displacement

C

time

displacement

D

time

0
0

0
0

0
0

0
0
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IGCSE PHYSICS • EXERCISE SHEET

3.2 Light

Name: Class: Date: Total: 10 marks

KEY WORDS reflection反射• normal法线• total internal reflection全反射• refractive index折射率
• converging lens凸透镜

Objective
Build the skills to answer exam questions on light光 — reflection反射, refraction折
射 and the refractive index 折射率, total internal reflection 全反射, and lenses.

You must be able to:

• use the law of reflection (angle i = angle r)

• use n =
sin i

sin r
and n =

1

sin c
• describe converging lenses and total internal reflection

1 Worked examples

Refraction & TIR

air

glass

normal

incident ray

refracted ray

i

r

bends towards the normal (i > r)

Entering glass the light slows and bends towards the normal, so i > r

IGCSE Physics • 3.2 Light 1
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angle < critical:
light refracts out

angle > critical:
total internal reflection

Above the critical angle the light is totally internally reflected; n =
1

sin c

i = 60◦, r = 35◦ (sin 60 = 0.87, sin 35 = 0.57): n =
0.87

0.57
= 1.5.

2 Practice
2.1 State the law of reflection. [1]

2.2 Light enters glass with sin i = 0.80 and sin r = 0.50. Find the refractive index. [2]

IGCSE Physics • 3.2 Light 2
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3 Exam-style questions
3.1 When light passes from air into glass it: [1]

• A speeds up and bends away from the normal
• B slows down and bends towards the normal
• C slows down and bends away from the normal
• D does not change direction

3.2 A glass has a refractive index of 1.5.

(a) Find the critical angle for the glass. [3]

(b) State one use of total internal reflection. [1]

3.3 Describe what a converging lens does to parallel rays of light, and name the point
where they meet. [2]

IGCSE Physics • 3.2 Light 3
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Solutions
2.1 the angle of incidence equals the angle of reflection (both measured from the normal).

2.2 n =
sin i

sin r
=

0.80

0.50
= 1.6.

3.1 B. Light slows down and bends towards the normal entering glass.

3.2 (a) sin c =
1

n
=

1

1.5
= 0.667; c = 41.8◦.

(b) in optical fibres (carrying light/data signals).

3.3 it bends the parallel rays inwards so they meet at a single point; this point is the
principal focus.

IGCSE Physics • 3.2 Light 4
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IGCSE PHYSICS • EXERCISE SHEET

3.3 Electromagnetic spectrum

Name: Class: Date: Total: 8 marks

KEY WORDS electromagnetic spectrum电磁波谱• spectrum光谱• microwaves微波• radio waves无线电波
• infrared红外线

Objective
Build the skills to answer exam questions on the electromagnetic spectrum电磁波谱
— the order of the regions, their uses, and their dangers.

You must be able to:

• list the regions in order of wavelength/frequency
• give a use for each region
• state the dangers of the higher-frequency regions

1 Worked examples

The EM spectrum

radio micro-
wave

infrared visible ultra-
violet

X-rays gamma
rays

wavelength gets shorter

frequency and energy get higher

From radio to gamma rays: wavelength falls, frequency and energy rise

prism

white
light

red (bends least)

violet (bends most)

A prism disperses white light into the visible spectrum

IGCSE Physics • 3.3 Electromagnetic spectrum 1
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• order: radio, microwave, infrared, visible, ultraviolet, X-ray, gamma.
• all travel at 3.0× 108 m/s in a vacuum.
• uses: microwave (phones/cooking), infrared (remote controls/thermal imaging),

UV (sterilising), X-ray (scans), gamma (sterilising/cancer treatment).

2 Practice
2.1 Name the region of the EM spectrum used for mobile phone signals. [1]

2.2 State which has the higher frequency: ultraviolet or infrared. [1]

3 Exam-style questions
3.1 Which travels fastest in a vacuum? [1]

• A radio waves
• B visible light
• C gamma rays
• D they all travel at the same speed

3.2 Going from radio waves towards gamma rays:

(a) State what happens to the frequency and to the wavelength. [2]

(b) State one danger of too much ultraviolet radiation. [1]

3.3 Give a use for (a) infrared and (b) X-rays. [2]

IGCSE Physics • 3.3 Electromagnetic spectrum 2
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Solutions
2.1 microwaves.

2.2 ultraviolet.

3.1 D. All electromagnetic waves travel at the same speed in a vacuum.

3.2 (a) the frequency increases and the wavelength decreases.
(b) it can cause skin cancer (or eye damage).

3.3 (a) infrared — remote controls / thermal imaging / grills.
(b) X-rays — medical or security scans.

IGCSE Physics • 3.3 Electromagnetic spectrum 3
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21 The diagram shows two narrow beams of light, P and then Q, passing through the same prism. 
Beams P and Q are both incident on the same point on the prism and at the same angle. 

 

P Q  
 

Which row correctly compares beams P and Q? 
 

 dispersion nature of light 

A 
 

only Q is dispersed 
 

P is monochromatic 
and Q is white light 

B 
 

only Q is dispersed 
 

P is white light and 
Q is monochromatic 

C 
 

only P is dispersed 
 

P is monochromatic 
and Q is white light 

D 
 

only P is dispersed 
 

P is white light and 
Q is monochromatic 

 
 
22 Ultraviolet radiation and infrared radiation are both parts of the electromagnetic spectrum. 
 

However, they differ in wavelength and frequency. 
 

Which row describes how they differ? 
 

 ultraviolet infrared 

A 
 

longer wavelength 
than infrared 

higher frequency 
than ultraviolet 

B 
 

longer wavelength 
than infrared 

lower frequency 
than ultraviolet 

C 
 

shorter wavelength 
than infrared 

higher frequency 
than ultraviolet 

D 
 

shorter wavelength 
than infrared 

lower frequency 
than ultraviolet 

 
 IGCSE Physics: w25 23
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21 The diagram shows a human eye that correctly focuses the light on the retina. 
 

lens of eye
retina

 
 

Which row shows a short-sighted eye and use of the correct lens to focus the image? 
 

lens

lens

lens

lens

A

B

C

D

ray diagram for
short-sighted eye corrected vision

 
 
 
22 Visible light, X-rays and microwaves are all components of the electromagnetic spectrum. 
 

Which statement about the waves is correct? 

A In a vacuum, microwaves travel faster than visible light and have a shorter wavelength than 
visible light. 

B In a vacuum, microwaves travel at the same speed as visible light and have a shorter 
wavelength than visible light. 

C In a vacuum, X-rays travel faster than visible light and have a shorter wavelength than visible 
light. 

D In a vacuum, X-rays travel at the same speed as visible light and have a shorter wavelength 
than visible light. 

 
 

121
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5 (a) (i) Electromagnetic waves have many uses.

   On Fig. 5.1 draw one line from each use to the region of the electromagnetic (e‑m) 

spectrum it uses.

Use Region of e‑m spectrum

security marking gamma rays

Bluetooth ultraviolet 

optical fibres infrared 

detection of cancer radio waves

Fig. 5.1

 [2]

  (ii) State one advantage of using microwaves compared with radio waves to transmit mobile 

(cell) phone signals.

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

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

 (b) Describe the difference between transverse waves and longitudinal waves.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Fig. 5.2 shows a simplified diagram of seismic P‑waves travelling through the Earth. The 

paths of the waves are curved.

  Seismic waves are produced by rock movements in earthquakes.

P-waves

liquid outer core

inner core

(mostly) solid mantle

earthquake occurs here

X

Fig. 5.2 (not to scale)

  (i) State the type of wave that P‑waves can be modelled as.

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

  (ii) At point X, the P‑wave travels from the solid mantle to the liquid core. There is a sudden 

change in direction of the path of the wave.

   Explain the change in direction of the P‑wave at point X.

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

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

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

 (d) The Earth’s surface absorbs incoming radiation from the Sun and also emits thermal radiation 

from its surface.

  Over the past 50 years, scientists estimate that the average temperature of the Earth’s 

surface has increased by approximately 0.75 °C.

  Explain what is causing this average temperature rise.

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

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

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

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

 [Total: 10]
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19 The diagram shows two plane mirrors at 90° to each other. A ray of light is incident on one of the 
mirrors. The ray reflects off both mirrors before reaching a screen. 

 
At which labelled point does the ray reach the screen? 

 

ray of
light

screen

A

B

C

D

 
 
 
20 The speed of light in a material is 50% of the speed of light in air. 
 

What is the refractive index of the material? 

A 0.5 B 2.0 C 6.0  108 D 1.5  108 
 
 
21 A beam of white light is split into a spectrum of seven colours. 
 

Which name is given to this process? 

A diffraction 

B dispersion 

C reflection 

D refraction 
 
 
22 Satellites are sometimes used to receive and re-transmit television signals. 
 

Which row shows the type of satellite and the electromagnetic waves used? 
 

 type of satellite electromagnetic 
waves used 

A low orbit infrared 

B low orbit microwaves 

C geostationary infrared 

D geostationary microwaves 

IGCSE Physics: s24 21
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19 The diagram shows a ray of light passing from air into a transparent substance. 
 

30.0�

40.0�

air

transparent
substance

 
 

What is the refractive index of the transparent substance? 

A 1.33 B 1.29 C 0.778 D 0.750 
 
 
20 The diagram shows a ray of light in an optical fibre. 
 

 
 

Which statement correctly explains the condition for the maximum transmission of light by the 
optical fibre? 

A The glass must slow the light as little as possible to make the critical angle for the fibre as 
large as possible. 

B The glass must slow the light as little as possible to make the critical angle for the fibre as 
small as possible. 

C The glass must slow the light as much as possible to make the critical angle for the fibre as 
large as possible. 

D The glass must slow the light as much as possible to make the critical angle for the fibre as 
small as possible. 

 
 
21 Which region of the electromagnetic spectrum is used for detecting fake bank notes? 

A radio 

B microwaves 

C ultraviolet 

D X-rays 
 
 
22 A sound wave travels at 330 m / s. The distance between the centre of a compression and the 

centre of the nearest rarefaction in the sound wave is 2.5 cm. 
 

What is the frequency of the sound wave? 

A 66 Hz B 130 Hz C 6600 Hz D 13 000 Hz 
 

IGCSE Physics: w23 21
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21 A thin converging lens is used to produce a real image of an object. 
 

Which statement about the real image is always correct? 

A It is nearer to the lens than the object. 

B It is on the opposite side of the lens to the object. 

C It is the same size as the object. 

D It is upright. 
 
 
22 A radio transmitter broadcasts at a frequency of 200 kHz. 
 

What is the wavelength of these radio waves? 

A 6.7  10–
 

4
 m B 1.5 m C 1.5  103

 m D 1.5  106
 m 

 
 
23 The element mercury exists as a solid, a liquid or a gas. 
 

Which row gives a possible set of values of the speeds of sound through mercury? 
 

 
speed of sound in

frozen mercury
m / s  

speed of sound in
liquid mercury

m / s  

speed of sound in
mercury vapour

m / s  

A 250 1500 2500 

B 250 2500 1500 

C 1500 250 2500 

D 2500 1500 250 
 
 
24 Which metal could be used for a permanent magnet and which metal could be used for the core 

of an electromagnet? 
 

 permanent 
magnet 

core of 
electromagnet 

A iron copper 

B iron steel 

C steel copper 

D steel iron 
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20 Which diagram shows the dispersion of white light by a glass prism? 
 

violet

red

A

violet violet

red
red

B

white white

violet
red

C

violet violet

red
red

D

violet

red

white white
 

 
 
21 Visible light has wavelengths in the range 4.0  10–7

 m to 7.0  10–7
 m. 

 
What is the range of the frequencies of visible light? 

A 0.12 Hz to 0.21 Hz 

B 120 Hz to 210 Hz 

C 4.3  1011
 Hz to 7.5  1011

 Hz 

D 4.3  1014
 Hz to 7.5  1014

 Hz 
 
 
22 Student X fires a starting pistol which produces smoke and sound. Student Y is standing 100 m 

away and sees the smoke the instant it is produced. The speed of sound in air is 340 m / s. 
 

What is the time delay between student Y seeing the smoke and hearing the sound? 

A 0.29 s B 0.59 s C 1.7 s D 3.4 s 
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6 A mobile phone (cell phone) network uses microwaves of frequency 1.9 × 109 Hz to transmit and 
receive signals.

 The speed of microwaves in air is 3.0 × 108 m / s.

 (a) Calculate the wavelength of these microwaves in air.

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

 (b) State two reasons why microwaves are used for mobile phone (cell phone) signals.

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

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

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

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

 (c) All mobile phone (cell phone) networks use digital signals to communicate with the phone.

  (i) Describe, with the aid of a diagram, how a digital signal differs from an analogue signal.

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

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

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

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

  (ii) State two advantages of using digital signals rather than analogue signals.

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

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

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

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

 [Total: 9]
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3.4 Sound

Name: Class: Date: Total: 9 marks

KEY WORDS longitudinal wave纵波• echo回声• compression压缩• rarefaction稀疏• sound声音

Objective
Build the skills to answer exam questions on sound 声音 — sound as a longitudinal
wave 纵波, the need for a medium, the range of human hearing, and echoes 回声.

You must be able to:

• describe sound as a longitudinal wave (compressions and rarefactions)
• state that sound needs a medium and give the hearing range
• find the speed of sound from an echo

1 Worked examples

Speed of sound from an echo

transverse wave (e.g. light)

travel

particles vibrate at 90◦ to travel
longitudinal wave (e.g. sound)

travel

particles vibrate along travel

compression

rarefaction

Sound is longitudinal: the air vibrates along the travel direction, making
compressions and rarefactions

Clap 85 m from a wall, echo after 0.50 s: the sound goes there and back,
2× 85 = 170 m, so v =

170

0.50
= 340 m/s.

IGCSE Physics • 3.4 Sound 1
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2 Practice
2.1 State why sound cannot travel through a vacuum. [1]

2.2 State the approximate range of frequencies a human can hear. [1]

3 Exam-style questions
3.1 Sound is a: [1]

• A transverse wave that needs no medium
• B longitudinal wave that needs a medium
• C transverse wave that needs a medium
• D longitudinal wave that needs no medium

3.2 A person stands 660 m from a cliff and shouts. The echo returns 4.0 s later.

(a) Find the speed of sound. [3]

(b) State whether sound travels faster or slower in water than in air. [1]

3.3 Explain why you see lightning before you hear the thunder. [2]

IGCSE Physics • 3.4 Sound 2
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Solutions
2.1 sound needs a medium (particles) to travel through, and a vacuum has none.

2.2 about 20 Hz to 20 000 Hz.

3.1 B. Sound is a longitudinal wave that needs a medium.

3.2 (a) distance there and back = 2× 660 = 1320 m; v =
1320

4.0
; = 330 m/s.

(b) faster in water.

3.3 light travels much faster than sound; so the light from the lightning reaches you
almost at once, while the sound takes longer to arrive.

IGCSE Physics • 3.4 Sound 3
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23 A police car with its siren sounding is stationary in heavy traffic. A pedestrian notices that, 
although the loudness of the sound produced does not change, the pitch varies. 

 
Which row describes the amplitude and the frequency of the sound? 

 
 amplitude frequency 

A constant constant 

B constant varying 

C varying constant 

D varying varying 
 
 
24 The diagram shows part of the magnetic field around two magnets. 
 

P R

Q

P S SN N

 
 

Which list gives the order of magnetic field strengths at the positions P, Q and R, from weakest to 
strongest? 

A P  Q  R 

B P  R  Q 

C Q  P  R 

D R  Q  P 
 
 
25 A fully charged battery stores a charge of 18 000 C. The battery is charged with a current of 

830 mA. 
 

How long does it take to fully charge a completely discharged battery? 

A about 10 minutes 

B about 3.5 hours 

C about 4 hours 

D about 6 hours 
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21 A long-sighted person cannot see objects clearly that are a short distance away because the 
image is blurred. 

 
Where is the image formed relative to the retina and which type of lens is used to correct  
long-sightedness? 

 

 position of image lens used 
for correction 

A behind retina converging 

B behind retina diverging 

C in front of retina converging 

D in front of retina diverging 
 
 
22 What is the speed of infrared radiation in glass with a refractive index of 1.5? 

A 340 m / s 

B 2.0  108
 m / s  

C 3.0  108
 m / s 

D 4.5  108
 m / s 

 
 
23 Sound travels through air as a series of compressions and rarefactions. 
 

Which statement correctly compares a compression with a rarefaction? 

A In a compression, the wavelength is longer than in a rarefaction. 

B In a compression, the wavelength is shorter than in a rarefaction. 

C In a compression, the density of the air is greater than in a rarefaction. 

D In a compression, the density of the air is lower than in a rarefaction. 
 
 
24 Which statements about magnets are correct? 
 

1 Permanent magnets are made of steel. 

2 Electromagnets are temporary magnets. 

3 A magnet can be used to induce magnetism in an iron bar. 
 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
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23 Both the amplitude and the frequency of a sound wave decrease. 
 

What happens to the sound that is heard? 

A The sound is louder and has a higher pitch. 

B The sound is louder and has a lower pitch. 

C The sound is quieter and has a higher pitch. 

D The sound is quieter and has a lower pitch. 
 
 
24 The diagram shows the magnetic field due to a current in a solenoid. 
 

current
direction

X Y Z

 
 

Which graph represents the strength of the magnetic field at positions X, Y and Z? 
 

strength of
magnetic field

position

A

X

Y

Z

strength of
magnetic field

position

C

strength of
magnetic field

position

B

X

Y

Z

strength of
magnetic field

position

D

X

Y

Z

X

Y

Z
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5 A dolphin communicates with other dolphins underwater by emitting sounds in the range 7–15 kHz. 

 (a) State the value of the speed of sound in air and state how the speed of sound in water differs 

from the speed of sound in air.

 speed of sound in air  ........................................................ m / s

 speed of sound in water  ...............................................................

 [1]

 (b) State and explain if humans with normal hearing can hear all the sounds emitted by 

the dolphin.

statement  .................................................................

explanation  ...............................................................................................................................

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

 [2]

 (c) Complete Table 5.1 to describe differences in loudness and pitch of two different 

dolphin sounds.

Table 5.1

Frequency 

/ kHz
amplitude loudness pitch

14 large

  8 small

 [2]

 (d) Complete the sentences to describe how sound is transmitted through water.

  Sound waves are made of vibrating .................................................. which produce  

 

compressions and rarefactions. A compression is a region of .................................................. 

 

and a rarefaction is a region of .................................................. . The sound waves travel  

 

.................................................. to the direction of the vibrations.

 [3]

 [Total: 8]
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23 A sound wave travels through the air and strikes a solid block of steel. 
 

Some of the sound is reflected from the steel, and some is transmitted through the steel. 
 

How does the speed and the wavelength of the sound in steel compare to the speed and the 
wavelength of the sound in air? 

 
 speed in steel wavelength in steel 

A less than in air less than in air 

B less than in air greater than in air 

C greater than in air less than in air 

D greater than in air greater than in air 
 
 
24 The diagram shows a bracelet containing two magnets. The arrows represent the pattern and the 

direction of the magnetic field due to the magnets. 
 

J K
X Y

 
 

Which row identifies the magnetic pole at J, the magnetic pole at K and where the magnetic field 
is the strongest? 

 

 magnetic 
pole at J 

magnetic 
pole at K 

where the magnetic 
field is the strongest 

A N N X 

B N N Y 

C S S X 

D S S Y 
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19 The diagram shows a ray of light passing from air into a transparent substance. 
 

30.0�

40.0�

air

transparent
substance

 
 

What is the refractive index of the transparent substance? 

A 1.33 B 1.29 C 0.778 D 0.750 
 
 
20 The diagram shows a ray of light in an optical fibre. 
 

 
 

Which statement correctly explains the condition for the maximum transmission of light by the 
optical fibre? 

A The glass must slow the light as little as possible to make the critical angle for the fibre as 
large as possible. 

B The glass must slow the light as little as possible to make the critical angle for the fibre as 
small as possible. 

C The glass must slow the light as much as possible to make the critical angle for the fibre as 
large as possible. 

D The glass must slow the light as much as possible to make the critical angle for the fibre as 
small as possible. 

 
 
21 Which region of the electromagnetic spectrum is used for detecting fake bank notes? 

A radio 

B microwaves 

C ultraviolet 

D X-rays 
 
 
22 A sound wave travels at 330 m / s. The distance between the centre of a compression and the 

centre of the nearest rarefaction in the sound wave is 2.5 cm. 
 

What is the frequency of the sound wave? 

A 66 Hz B 130 Hz C 6600 Hz D 13 000 Hz 
 8 
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23 Which waves are used in the medical scanning of soft tissue? 

A gamma rays 

B infrared 

C microwaves 

D ultrasound 
 
 
24 Which row describes suitable materials for use in a temporary magnet and in a permanent 

magnet? 
 

 temporary 
magnet 

permanent 
magnet 

A soft iron soft iron 

B soft iron steel 

C steel soft iron 

D steel steel 
 
 
25 A magnetic field is represented in the diagram by magnetic field lines. 
 

At which point is the magnetic field strongest? 
 

A
B

C
D
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20 Which diagram shows the dispersion of white light by a glass prism? 
 

violet

red

A

violet violet

red
red

B

white white

violet
red

C

violet violet

red
red

D

violet

red

white white
 

 
 
21 Visible light has wavelengths in the range 4.0  10–7

 m to 7.0  10–7
 m. 

 
What is the range of the frequencies of visible light? 

A 0.12 Hz to 0.21 Hz 

B 120 Hz to 210 Hz 

C 4.3  1011
 Hz to 7.5  1011

 Hz 

D 4.3  1014
 Hz to 7.5  1014

 Hz 
 
 
22 Student X fires a starting pistol which produces smoke and sound. Student Y is standing 100 m 

away and sees the smoke the instant it is produced. The speed of sound in air is 340 m / s. 
 

What is the time delay between student Y seeing the smoke and hearing the sound? 

A 0.29 s B 0.59 s C 1.7 s D 3.4 s 
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