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Transverse & Longitudinal waves:
Waves can be either transverse or longitudinal. 
In a  transverse wave, the vibrations are at a right 
angle (perpendicular) to the direction of the 
enery transfer. The wave has peaks (or crests and 
troughs. Examples include water waves and light 
waves. 

In a  longitudinal wave, the vibrations are in the 
same direction (parallel) as the energy transfer. 
The wave has areas of compression and 
rarefaction. Examples of this type of wave are
sound waves. 

Properties of waves: 

The frequency of a wave is the number of waves which 
pass a  given point every second. 

The wave speed is how quickly the energy i s transferred 
through a medium (how quickly the wave travels)

The speed of sound waves travelling through air: 

Speed = distance x time

Sound waves in Different Median
How quickly sound waves can travel through a  
medium is determined by the density of the medium 
(matieral). Sound waves will travel faster through a 
sol id than a l iquid as the spaces between the particles 
are smaller. This means that the vibrations and energy 
can be passed along the particles more quickly. In a 
gas , the transmission of sound is ever s lower as the 
space between the particles is greater. 
The speed of sound in air is 330m/s

Key word Definition

Wave Any disturbance that transmits energy though a 
matter or space

Medium A solid, liquid or gas that is vibrated

Transverse 
wave

The oscillations are perpendicular to the direction of 
energy transfer

Longitudinal 
wave

The oscillations are parallel to the direction of energy 
transfer

Wavelength The distance between an adjacent crests or 
compressions in a series of waves

Frequency The number of waves produced in a given amount of 
time

Diffraction The bending of waves around a barrier or through an 
opening

Reflection Obeys the law of reflection: the angle of incidence 
equals the angle of reflection. The normal is a line 
drawn at right angles.

Refraction Waves pass through a different medium and chance 
direction. 

Vacuum Space entirely devoid of matter

Frequency Number of oscillations per second (Hz)

Time period One complete cycle of vibrations to pass a given point

Oscillation A motion that repeats itself

Ultrasound Frequencies above about 20kHz

Sonar Ultrasound pulse is emitted and timed how long it 
takes to be returned

Seismic 
waves

Produced by earthquakes. P waves are longitudinal 
and S waves are transverse (can not travel through 
liquid)

When a  wave travels, energy is 
transformed but the matter i tself 
does not move. Particles of water 
or a i r vibrate and transfer energy 
but do not move with the wave. 
This  can be shown by placing a 
corn in a  tank of water and 
generating ripples across the 
surface. The cork will bob up and 
down on the oscillations of the 
wave but will not travel across 
the tank. 

The wave 
equation
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A sound wave can travel through a  solid material. This is 
because the space between the particles is so small and 
the vibrations are transmitted more quickly than in 

l iquids or gases. 
The speed of sound in air i s about 330m/s. As the 
majority of space is a vacuum (no particles), sound 
waves do not travel in space. 
Sound waves within the range of 20Hz to 20kHz can 

usually be detected by the human ear. 

Vibrations are passed along air particles down the ear 
canal and to the ear drum. The ear drum vibrates and 
transmits this to the small ear bones and then along the 

cochlea. The cochlea carries the vibrations to the 
auditory nerve which carries the sound wave as an 
electrical impulse to the brain. 

Waves for Detection and Exploration 
(higher only): 
Waves can be used to detect objects underwater, in the 
earth and even inside the human body.
Sonar systems used to explore deep seas use high frequency 
sound waves. A sound wave is sent out from the device 
through the water and the time taken for the pulse to reflect 
from the surface is measured. 

The time taken with the speed of sound in water is used to 
find the distance of the object. 

The equation used is: 

Distance (m) = speed (m/s) x time (s)

Refraction
Refraction occurs when a wave changes direction, 
usually at the boundary or two different materials. The 
density of material affects the speed at which the wave 
can travel through it. When a wave passes from a more 
dense material to a less dense material it speed up and 
so will  bend. 

The human ear

Reflection of waves:

When a  wave comes into contact with a surface or 
boundary between two media (different materials), 
i t can be reflected or i t can be absorbed. What 
happens depends on the properties of the surface 
the wave hits. 

Specular reflection occurs when a wave is reflected 
(in a  single direction from perfectly smooth surface. 
Angle of incidence = angle of reflection (i=r)
Diffuse reflection occurs when a  wave is reflected in 
many direction and happens at a  rough or uneven 
surface. 
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Ultrasounds
Ultrasound waves have a frequency higher than 
the upper l imit for human hearing – above 
20,000 Hertz (Hz). Different species of animal 
have different hearing ranges. This explains why 
a dog can hear the ultrasound produced by a dog 
whistle, but humans cannot.

Uses of ultrasound include:
Ultrasound scans are used to form images of 
things inside the body, such as an unborn baby. 
This is due to the fact that ultrasound can be 
transmitted through soft tissue. Doctors also use 
ultrasound to monitor blood flow and destroy 
kidney stones.

Sonar - Higher
Sonar equipment is used by ships and 
submarines to determine the depth of a sea floor 
bed or the position of shoals of fish. A signal is 
sent out from a transmitter and the reflected 
signal (the echo) is then detected back on the 
ship. 

Diffraction: 
Diffraction describes the change in a wave's direction as i t 
travels between or around barriers. It's similar to reflection 
and refraction in that it involves a change in the direction of 
waves when they encounter a change in medium. In 
diffraction, waves actually bend around objects that they 

encounter in their path or bend through openings in 
between two barriers.
It's  easy to imagine sound waves bending around obstacles. 
Have you ever tried to speak with someone who's standing 
in an adjacent room? Even i f that person isn't in your l ine of 

s ight, they can usually hear you speaking at a reasonable 
volume. That's because your sound waves bend around the 
edges of walls and doorways  until they travel toward that 
person. The same thing happens when that person speaks 
back to you.
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