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Waves

Wave properties
Energy transfer
Wave motion, in general, is a process in which kinetic energy is transferred from one point to another without 
any transfer of matter between the points.

Wave types and characteristics
Some waves, such as mechanical waves (e.g. sound waves), require a material medium in which to travel.

There are two types of wave – longitudinal and transverse.
Waves on a slinky

A

B

motion of pulse motion of pulse

motion of particles
motion of particles

Longitudinal – the vibration is parallel 
to the direction of motion of the wave, 
e.g. sound waves. The diagram shows 
a longitudinal pulse along a stretched 
slinky spring.

Transverse – the vibration is 
perpendicular to the direction of motion 
of the wave, e.g. electromagnetic waves 
such as light. A transverse pulse is shown 
moving along a stretched slinky spring.

The amplitude, A, of a wave is the maximum  
distance a particle is displaced from its rest 
position.

The wavelength, l, is the distance between 
two successive corresponding positions in a 
wave.

The wave velocity, v, is the velocity of the 
wave shape.

λ

λ

A, amplitude

crest

trough

v, wave velocity

undisturbed position of medium

wavelength
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The number of waves passing any point each second is the frequency (symbol f) of the waves. The frequency is 
measured in hertz (symbol Hz).

1 Hz = 1 wave per second

The period, T, is the time (in seconds) taken for one wave to pass any point.

Points on a wave that are undergoing exactly the same motion at the same time are said to be in phase. When 
two points are undergoing exactly the opposite motion at the same time, they are out of phase.

Example
At the instant shown, points A, C and E are 
stationary and points B, D and F are moving 
in the directions shown. Points A and E are in 
phase and points B and F are also in phase. 
Points A and C are exactly out of phase, as are 
points B and D.

wave propagation
A

B

C

D

E

F

The relationship between the frequency, f, of a wave and its period, T, is:

T = 
1
f

or  f = 
1
T

The wave velocity, frequency and wavelength are related by the wave equation:

v = f l

where v is measured in m s–1, f in Hz and l in m. This equation can be easily derived from the 

traditional definition of v = 
d
t

Electromagnetic waves (e.g. light) are produced when electrons are made to accelerate or when electrons 
change energy levels in an atom. Electromagnetic waves are able to travel through a vacuum, i.e. they do not 
need a medium.

They all travel at the same speed in a vacuum: light speed (3.00 × 108 m s–1).

Wavelength
(in metres)

Size of a
wavelength

Common
name of wave

longer

lower

shorter

higher

Sources

Frequency
(waves per 

second)

The electromagnetic spectrum

Soccer 
field

House Cricket 
ball

Honey 
bee

Pinhead Cell Bacteria Virus Protein Water 
molecule

Atom

Radio waves

Microwaves

Infrared

Visible

Ultraviolet

‘Soft’ X-rays

‘Hard’ X-rays

Gamma rays

AM radio FM radio Microwave 
oven

Radar Remote 
control

People Light 
bulb

Synchrotron X-ray 
machine

Radioactive 
elements
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Wave properties
1. Use the graph to find the amplitude and the wavelength.

Displacement (m)

0.4
0.2

0
–0.2
–0.4

Distance (m)

5 10 15 20 25 30 35 40

 Amplitude 

 Wavelength 
2. Use the graph to find the amplitude and the period.

Displacement (m)

2.5

7.5
5.0

0
–2.5
–5.0
–7.5

1 2 3 4 5 6

Time (s)

 Amplitude

 Period
3. A sound wave travelling through air has a frequency of 1 350 Hz and speed of 339 m s−1. It is transmitted 

into water, where its wavelength becomes 1.10 m.
a. Calculate the wavelength in air.

b. Calculate the time it would take the sound to travel a distance of 1 400 m through air.

c.  Would you expect the speed of sound in water to be greater than or less than the speed of sound in air? 
Explain.

d. Calculate the speed of the sound in water.

4. A wave is generated in deep water by a source which vibrates with a period, T, of 0.45 s. The wavelength of 
the wave is 1.6 m. The wave travels into shallow water, where its wavelength becomes 1.4 m.
a. Calculate the frequency of the wave in deep water.

Answers
p. 61
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b. What is the frequency of the wave in shallow water?

c. Calculate the speed of the wave in deep water.

d. Calculate the distance the wave would travel in deep water in 2.8 s.

e. Calculate the speed of the wave in shallow water.

5. A ship’s siren sounds a note of frequency 525 Hz and an echo from a  
cliff is heard 6.54 s later. The speed of sound in air is 3.39 × 102 m s–1.

a. Calculate the wavelength of the sound wave.

b. Calculate the distance the sound travels from the ship to the cliff and 
back again.

c. How far is the ship from the cliff?

6. a.  In the school holidays, Jenny worked on her uncle’s fishing boat. 
One day as the boat was stopped she noticed that one wave 
crest went past the ship every 9.0 seconds. The boat was 12 m 
long and one crest was just leaving the stern (back) as the next 
was at the bow (front). Use this information to calculate the 
speed of the wave.

b. Another day she and her cousin were swimming in the surf.
 Most of the time they could not see each other, but at regular 

intervals they would both be at the top of consecutive wave crests 
and would see each other. Jenny estimated they were 14 m apart 
and she had already calculated the speed of the waves to be 
6.0 m s–1. Use this information to calculate the frequency of the 
waves.

one crest 
passed 
every 9.0 s

12 m

14 m
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Curved mirrors

Curved mirrors can be made by taking part of the shell of a hollow glass sphere and silvering it.

P
principal axis

 

Concave (or converging) mirror

pole
glass glass silver

coating

C

r

P

Convex (or diverging) mirror

silver coating 

centre of 
curvature, C

radius of 
curvature, r

When light rays are parallel to the principal axis, they are reflected so that they pass through (or appear to come 
from) one point called the principal focus, F.

f

r

F PC

Concave mirror Convex mirror

f

r

CFP

The focal length, f, of a curved mirror is the distance between the pole of the mirror and the principal focus.
The radius of curvature, r, is the distance between the pole of the mirror and the centre of curvature.
The focal length of a curved mirror is half the radius of curvature.

Ray diagrams
Ray diagrams are scale drawings which can be used to find details such as the size, position and nature of the 
images formed by curved mirrors. The nature of the image refers to whether the image is inverted (or upright), 
virtual, or real (an image that can be placed on a screen) and whether it is enlarged (or diminished).
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Drawing ray diagrams – concave mirror rules

F

A ray parallel to 
the principal axis 
reflects through 
the focus. F

A ray that passes 
through the 
focus reflects off 
parallel to the 
principal axis.

Drawing ray diagrams – convex mirror rules

F

A ray parallel to 
the principal axis 
reflects off as if it 
comes from the 
focus.

F

A ray aimed at 
the focus reflects 
off parallel to the 
principal axis.

Equal angle rule
This is a particularly useful rule as it can be used for both types of mirror.

P

A ray aimed at 
the pole of the 
mirror at some 
angle reflects 
off at the same 
angle.

P

Reflections must occur at the mirror line to ensure that a true representation of the image is formed.

Virtual rays are drawn as dotted lines and do not have arrows drawn on them.

Concave mirrors can form both virtual and real images. In contrast, convex mirrors always form diminished, 
upright, virtual images.

Examples
Q. An object 2.0 cm high is placed 4.0 cm in front of a concave mirror with focal length 6.0 cm. 

Using a ray diagram, find the nature and position of the image.

A. 
 

F

2.0 cm

6.0 cm

12.0 cm6.0 cm

4.0 cm

object image

scale
1 cm : 2 cm

 Image is 12.0 cm behind the mirror and 6.0 cm high. The image is virtual, upright and enlarged.
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Q.  An object 2 cm high is placed 12 cm in front of a concave mirror of focal length 4 cm.  
Using a ray diagram, find the nature and position of the image.

A.    

2 cm

object

C 1 cm
image

12 cm

6 cm

f = 4 cm

F

 The image is 6 cm in front of the mirror and 1 cm high. The image is real, inverted and diminished.

Q.  An object 2 cm high is placed 8 cm in front of a convex mirror of focal length 8 cm.  
Using a ray diagram, find the nature and position of the image.

A.
  

object

F image

8 cm

4 cm

8 cm

2 cm

 The image is 4 cm behind the mirror and 1 cm high. The image is virtual, upright and diminished.
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Curved mirrors – ray diagrams
1. A small, 2 cm high object is placed 15 cm from a concave mirror of focal length 10 cm. By drawing a ray 

diagram, find the position, nature and height of the image.

 Position of image: 

 Nature of image: 

 Height of image: 

2. A small, 2 cm high object is placed 8 cm from a concave mirror of focal length 12 cm. By drawing a ray 
diagram, find the position, nature and height of the image.

 Position of image: 

 Nature of image: 

 Height of image: 

3. A small, 2 cm high object is placed 20 cm from a concave mirror of focal length 8 cm. By drawing a ray 
diagram, find the position, nature and height of the image.

 Position of image: 

 Nature of image: 

 Height of image: 

Answers
p. 63
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4. A 5 cm high object is placed 12 cm in front of a convex mirror of focal length 12 cm. By drawing a ray 
diagram, find the position, nature and height of the image.

F

 Position of image: 

 Nature of image: 

 Height of image: 

5. A 5 cm high object is placed 24 cm in front of a convex mirror of focal length 12 cm. By drawing a ray 
diagram, find the position, nature and height of the image.

F

 Position of image: 

 Nature of image: 

 Height of image: 

6. A 5 cm high object is placed 6 cm in front of a convex mirror of focal length 12 cm. By drawing a ray 
diagram, find the position, nature and height of the image.

F

 Position of image: 

 Nature of image: 

 Height of image: 
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7. An object 3 cm high forms a 1 cm high image when placed in front of a concave mirror. If the radius of 
curvature is 7.5 cm, find the position of the object. Explain why the image formed must be real.

8. An object 4 cm high is placed in front of a convex mirror of focal length 15 cm. Find the position of the image 
and object if the magnification is 0.5 .

Formulae for use with spherical mirrors
It is often quicker (and usually more precise) to find details about an 
image using a formula rather than a ray diagram.

If do is the distance the object is in front of the mirror of focal length, 
f, and di is the distance the image is in front of the mirror, then:

1
f

 = 
1
di

 + 
1
do

If ho is the height of the object, hi is the height of the image and m is 
the magnification, then:

m = 
hi

ho

 = 
di

do

Magnification measures the proportion by which an object’s size 
has been enlarged or diminished. When working with the previous 
formulae, the sign convention is that a virtual distance is negative and 
a real distance is positive.
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Wave properties (page 3)
1. Amplitude = 0.4 m

 Wavelength = 20 m

2. Amplitude = 5 m

 Period = 4 s

3. a. l = v
f  = 339

1 350 = 0.251 m

b. v = d
t  , t = dv  = 1 400

339  = 4.13 s

c. Greater than – because, as frequency stays constant, speed is 
proportional to wavelength and the wavelength has increased.

d. v = f l, v = 1 350 × 1.10 = 1 490 m s–1

4. a. f = 1
T  = 1

0.45 = 2.2 Hz

b. Same as in deep water, as the frequency is determined by what 
produces the wave rather than the medium the wave is in.

c. v = f l, v = 2.2 × 1.10 = 3.6 m s–1

d. d = vt, d = 3.6 × 2.8 = 10 m

e. v = f l, v = 2.2 × 1.4 = 3.1 m s–1

5. a. l = v
f  = 339

525  = 0.646 m

b. d = vt, d = 339 × 6.54 = 2 220 m

c. 1110 m  Answer to b. is the total round-trip distance.

6.  a. v = f l	 v = 
1

9.0 × 12

 The wave speed is v = 1.33 m s–1.

b. f = 
v
λ  f = 6.0

14
 The wave frequency is f = 0.43 Hz

c. T = 1
f

 T = 
1

0.43
 The period is T = 2.3 s.

d. l = v
f

 l = 7.0
0.20

 The wavelength is l = 35 m.

7. a. 

Type of 
radiation Used for

Ultraviolet surface sterilisation

Microwaves communication cooking speed detection

Visible sight laser applications photosynthesis

X-rays photographing bone and tissue

Gamma
destroying cancer cells tracing the path of 
substances around the body

Radio waves communications

Infrared heating (cooking) night vision

ansWers

b. Radio Microwaves Infrared Ultraviolet X-rays GammaVisible 
light

frequency

8. Frequency: 

 v = f l

 3 × 108 = f × 1 600

 f = 1.875 × 105 Hz

 Period: 

 T = 1
f

 = 1
1.875 × 105 Hz

 T = 5.33 × 10–6 s

Reflection/transmission (page 6)
1 a. 

Reflected pulse
– above the string
– reduced amplitude

Transmitted pulse 
– above the string

b. 

Reflected pulse
– below the string
– almost same amplitude

c. 

Transmitted pulse 
– above the string

Reflected pulse
– below the string
– reduced amplitude

2.
light heavy

P

3.

B

B

A

A

(After passing into heavy)

(After passing into light)

and
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Water waves (page 10)
1. a. Nothing would change.

b. c.

2. a. frequency = numer of waves
time period  = 8

4.0
 = 2.0 Hz

b. Frequency does not change: 2.0 Hz

c. v = f l = 2.0 × 3.0 = 6.0 cm s–1

d. v = f l = 2.0 × 2.0 = 4.0 cm s–1

3. a.  From shallow to deep. The wavelength increases and wavelength 
depends on speed (v = f	l) and speed is greatest in deep water.

b. v = f	l = 11 × 2.7 = 30 cm s–1

c. v = f	l = 11 × 3.1 = 34 cm s–1

4. a. For deep water: v = f	l; l = v
f  = 3.5

60  = 0.058 m

  For shallow water: v = f l; l = v
f  = 1.5

60  = 0.025 m

b. 

    
vi

vr

 = sin i
sin 20°

  = 3.5
1.5

 ⇒ i = 53°

5. a. 5 waves in 10 cm

  l = 2 cm

b. v = f	l = 12 × 2.0 = 24 cm s–1

c. 
  

deep shallow

4 6 8 10 12 14 cm

d. 12 Hz

e. v = f l = 12 × 1.0 = 12 cm s–1

f. 1n2 = 
v1
v2

 = 24
12  = 2.0

20°
deep

53°

3.5 m s–1 0.050 m
shallow

0.025 m

1.5 m s–1

Diffraction of waves (page 12)
1. a. Diffraction

b. 

  (Wavelength is unchanged)

c. The wavelength of the water waves needs to be similar to or 
greater than the gap between the rocks.

2. a.  Since sound waves travel significantly slower than light waves, 
the speed of the waves is not a factor. Light waves do not diffract 
significantly in this situation, but sound waves do. Diffraction is 
the reason why Ben can hear Emma well before he can see her.

b. A lower frequency implies a larger wavelength (since the wave 
speed is unchanged). Larger wavelengths will diffract more, and 
will therefore be easier to detect when Emma is well out of sight.

3. 

more bending
4. a. l = v

f  = 3.00 × 108

99 × 106  = 3.0 m

b.  Wave A is National Radio since it has the longer wavelength due 
to the lower broadcast frequency.

c. Wave A can be detected since it is able to diffract over the hill 
due to its longer wavelength.

5. The longer wavelength of sound waves means that diffraction effects 
extend over greater distances and are therefore more noticeable.

6. Radio waves have a longer wavelength than light waves.

Superposition and interference (page 17)
1. 

Wave crest

t = 0

t = 1

t = 2

t = 3
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