
Waves 
Waves are one of the ways in which energy may be transferred 
between stores. Waves can be described as oscillations, or vi-
brations, about a rest position. E.g. sound waves or ripples on 
water. 
Mechanical waves cause oscillations of particles in a solid, liquid 
or gas. Once passed, the medium goes back to its rest position. 
Mechanical waves can be longitudinal or transverse. 
Electromagnetic waves cause oscillations in electrical and mag-
netic fields. All electromagnetic waves are transverse. 
 
 
 
 
 
 
 
 

Waves terms: 
 Rest position – the resting position when not vibrating. 
 Displacement – the distance moved from its rest position. 
 Peak – The highest point above the rest position. 
 Trough – the lowest point below the rest position. 
 Amplitude – the maximum displacement from its rest posi-

tion. 
 Wavelength – distance covered, Usually measured peak to 

peak, or trough to trough. 
 Time period – the time taken for a full cycle of the wave. 
 Frequency – the number of waves passing a point each sec-

ond. 

Longitudinal and Transverse waves 
In longitudinal waves, the vibrations are parallel to the 
direction of wave travel. E.g. sound waves or ultrasound 
waves. They may be thought of as pressure or push 
waves as the particles move parallel to the wave. 

Longitudinal waves show compression and rarefaction: 
 compressions are regions of high pressure due to        

particles being close together. 
 rarefactions are regions of low pressure due to par-

ticles being spread further apart. 

In transverse waves, the vibrations are at right angles to 
the direction of wave travel. E.g. ripples on the surface 
of water or electromagnetic waves – eg light waves or 
microwaves.  

The rope moves up 
and down, producing 
peaks and troughs. 
Energy is trans-
ferred from left to 
right but none of 
the particles are 
transported along.  



The Speed of Sound in Different Materials 

Sound is a mechanical longitudinal wave. The wave is 
passed on by collisions between particles, so the speed 
the wave moves depends on the density of the particles. 
When sound moves from one medium into another, the 

change in speed will cause a change in wavelength but not 
frequency. 

Constant frequency means that the wavelength will be 
proportional to the wave velocity. 

Calculating Wave Speed 

Wave velocity, (speed of a wave), can be calculated using 
the equation: wave speed = frequency × wavelength   

 

This is when: 

 wave speed (T) is measured in metres per second (m/
s) 

 frequency (f) is measured in Hertz (Hz) 

 wavelength (λ ) is measured in metres (m) 

Wave Period and Wave Speed 

The time period of a wave can be calculated using the equation: 

   

This is when: 

 time period (T) is measured in seconds (s) 

 frequency (f) is measured in hertz (Hz) 

Measuring the Speed of Sound in Air and Water 

The air is made up of many tiny particles. Sound is air particles 
vibrating and colliding with each other, causing the vibrations 
to pass between air particles.. Light travels much faster than 
sound through air.  

The speed of sound can be calculated using the equation: 

   

 wave speed (v) is measured in metres per second (m/s) 

 distance (x) is measured in metres (m) 

 time (t) is measured in seconds (s) 



Hazards & Control Measures 

Results 

Required practical  

Measure the frequency, wavelength 
and speed of waves in a ripple tank 

A ripple tank can be used to measure 
and calculate frequency, wavelength 
and the speed of waves on the sur-
face of the water it contains. It is a 
transparent shallow tray of water, 
with a light shining down through it 
onto a white card below, to more 
easily see the motion of the ripples 
created on the water’s surface. Rip-
ples can be made by hand but to gen-
erate regular ripples it is better to 
use a motor.  

Method 

1. Set up the ripple tank as shown in the diagram with about 5 cm depth of wa-
ter. 

2. Adjust the height of the wooden rod so that it just touches the surface of 
the water. 

3. Switch on the lamp and motor and adjust until low frequency waves can be 
clearly observed. 

4. Measure the length of a number of waves then divide by the number of 
waves to record wavelength. It may be more practical to take a photograph 
of the card with the ruler and take your measurements from the still pic-
ture. 

5. Count the number of waves passing a point in ten seconds then divide by ten 
to record frequency. 

6. Calculate the speed of the waves using: wave speed = frequency × wavelength. 



Sound Waves - Higher 

Sound waves are longitudinal waves.  They 
cause particles to vibrate parallel to the 
direction of wave travel.  
The vibrations can travel through solids, 
liquids or gases. The speed of sound de-
pends on the medium through which it is 
travelling.  
When travelling through air, the speed of 
sound is about 330 metres per second (m/
s).  
Sound cannot travel through 
a vacuum because there are no particles to 
carry the vibrations.

Hazards & Control Measures 

Results 

Required Practical 

Measure the frequency, wavelength and 
speed of waves in a solid 

Method 

1. Using the first finger and thumb on one hand, hold a metal rod at its middle 
point. 

2. Hit one end of the rod with a hammer. 

3. Hold a smartphone with an app which measures frequency near the end of 
the rod. 

4. Record the peak frequency from the phone app. 

5. Measure the length of the metal rod and record the length. 

6. Calculate the speed of the sound waves in the rod using the frequency and 
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Refraction of waves 

Waves transmitted at the interface (boundary) between two 
materials may change direction. Refraction is the change in di-
rection of a wave at such a boundary. All wave types can be re-
fracted. It is important to be able to draw ray diagrams to 
show the refraction of a wave at a boundary. 

 
 
 
 
 
 
 
 
 
 

 

 

 

Explaining refraction - Higher 

The density of a material is one of the factors that affects 
the speed that a wave will be transmitted through it. 

A useful way of remembering the speed and direction changes 
of waves during refraction is 'FAST':  

Faster - Away / Slower - Towards  

For a given frequency of light, 
the wavelength is proportional to the wave speed: 

wave speed = frequency × wavelength 

If a wave slows down, its wavelength will decrease. The 
effect of this can be shown using wave front diagrams, 
like the one below. The diagram shows that as a wave 
travels across a depth boundary it slows down and the 
wavelength decreases. Although the wave slows down, its 
frequency remains the same, due to the fact that its 
wavelength is shorter. 

In this diagram, water 
waves move from a 
deeper area into a shal-
lower area. Water 
waves move slower in 
shallower water. The 
right hand side of the 
incoming wave slows 
down before the left 
hand side does. This 
causes the wave to 
change direction. If the 
wave were crossing the 
boundary in the oppo-

site direction, the waves would speed up, and the same 
path would be taken in reverse. The amount that the 
wavelength is changed affects the amount that the di-
rection changes. The amount of wavelength change de-
pends on the differences between the material on each 
side of the interface. 



Common examples of absorption of wave energy: 

 waves hitting the beach usually give most of their energy 
to the sand 

 sunlight landing on a face is mostly absorbed, warming the 
skin 

 sound waves hitting thick curtains give up their energy and 
the sound is muffled 

Common examples of transmission of wave energy: 

 sea waves passing a shallow area continue with their energy 
mostly unchanged 

 light passing through a glass window continues with over 
95% of its energy 

 ultrasound waves scanning a baby pass from flesh into bone 
and continue with enough energy for the machine to detect 
the echo 

Effect of Wavelength on Absorption 

Wavelength has a big effect on how much of a wave's en-
ergy is reflected, absorbed or transmitted at an inter-
face. For example, a greenhouse uses these differences 
to raise the temperature inside. 

Ultraviolet light has a very short wavelength, and this is 
mostly transmitted by the glass. The plants, soil and 
floor in the greenhouse mostly absorb ultraviolet, and 
their temperature rises. 

The plants, soil and floor emit infrared light which has a 
longer wavelength that is mostly reflected by glass. The 

infrared cannot 
escape the 
greenhouse and 
reflects until it 
is re-absorbed 
by objects in-
side the green-
house. The 
amount of en-
ergy in the 
greenhouse ris-
es so its tem-
perature in-
creases. 

Transmission and Absorption 

Waves arriving at the interface (boundary) between two ma-
terials can be reflected, transmitted or absorbed. 

The type of wave, its properties such as wavelength, and the 
difference between the two media will determine what hap-
pens to most of the wave energy. 



Ultrasound 

Ultrasound waves have a frequency higher than the upper limit 
for human hearing – above 20,000 Hertz (Hz). Uses of ultrasound 
include: breaking kidney stones, cleaning jewellery (the vibrations 
caused by the ultrasound shake apart the dirt or kidney stones, 
breaking them up), foetal scanning, detecting cracks in machin-
ery. 

Ultrasound imaging creates a picture of something that cannot 
be seen directly, such as an unborn baby in the womb, or faults 
and defects inside manufactured parts. 

1. Some of the ultrasound waves are reflected at the boundary. 

2. The time taken for the waves to leave a source and return to 
a detector is measured. 

3. The depth of the boundary can be determined using the speed 
of sound in the material and the time taken. 

Echo sounding—High frequency sound waves can be used to de-
tect objects in deep water and to measure water depth. The time 
between a pulse of sound being transmitted and detected and 
the speed of sound in water can be used to calculate the distance 
of the reflecting surface or object. 

This technique is applied in sonar systems, bats and dolphins use 
a similar method, called echolocation, to detect their surround-
ings and to find food. 

Sound & Ultrasound 

Sound waves are longitudinal waves.  They cause par-
ticles to vibrate parallel to the direction of wave trav-
el. The vibrations can travel through solids, liquids or 
gases. The speed of sound depends on 
the medium through which it is travelling. Sound can-
not travel through a vacuum because there are no par-
ticles. 

The Human Ear detects sound. Sound waves enter the 
ear canal and cause the eardrum to vibrate. Three 
small bones transmit these vibrations to the cochlea. 
This produces electrical signals which pass through 
the auditory nerve to the brain. 

The frequency of a sound wave is related to the pitch 
that is heard: high frequency sound waves are high 
pitched, low frequency sound waves are low pitched. 

The amplitude of a sound wave is related to the vol-
ume of the sound: high amplitude sound waves are 
loud, low amplitude sound waves are quiet 

The cochlea is only stimulated by a limited range of 
frequencies. This means that humans can only hear 
certain frequencies. The range of normal human hear-
ing is 20 Hertz (Hz) to 20,000 Hz (20 kHz). Sound 
waves below this frequency range (<20 Hz) are 
called infrasound. 
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P-waves can travel through solids and liq-
uids. P-waves are detected on the opposite 
side of the Earth. Refractions between lay-
ers cause two shadow zones, where no P-
waves are detected – the size and positions 
of these shadow zones indicate there is a 
solid inner core. 

Investigating Earth's Structure 

Infrasound can be used to 
investigate the internal 
structure of our planet, 
just like ultrasound is used 
for foetal scanning. Earth-
quakes produce very pow-
erful seismic waves that 
can be classed as infra-
sound waves. 

Seismic waves from large 
earthquakes are detected around the world. Their paths are curved as the 

waves refract due to 
the gradually changing 
density of the layers. 

S-waves only travel 
through solids. S-waves 
are not detected on 
the opposite side of 
the Earth – this sug-
gests that the mantle 
has solid properties, 
but the outer 
core must be liquid. 


