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What is Sound?
What happens to a drum skin when you hit it?
The skin of the drum bounces up and down…
This repeated movement up and down is called
a vibration.
The drum skin is vibrating.
This vibration creates sound waves.

Longitudinal waves
Sound waves are often illustrated like this…

This is not true however..
The wave shown here is called a “transverse” wave. It is what light waves look
like. Sound waves although often incorrectly represented by a transverse wave
are actually very different.

Longitudinal waves
In fact sound waves are called longitudinal waves.

Sound Waves

Light Waves

Longitudinal waves

The dots that make up this diagram are in fact particles.
They can be solid, liquid or gas particles.
When one particle is moved by the vibrating surface of the object making the
sound (drum) it is moved and collides with another particle which then moves and
collides with another particle.

Longitudinal waves
Looking at a Newton’s cradle you can see
how the movement of one particle (red) can
create a chain reaction which results in the
movement of other particles.
This is how sound waves are created.

Longitudinal waves
Reading a longitudinal wave is easy, but the terminology changes from light
(transverse) waves.
wavelength
wavelength

Compressions are areas of higher pressure (where the particles are packed
together) and rarefactions are areas of low pressure (where the particles are
spread out).
Wavelength is the distance between two compressions or two rarefactions.

Longitudinal waves
So why are sound waves often shown as transverse (light) waves?
The answer lies in a graph showing the Pressure of particles against time.
In this diagram the C stands for
Compression and R for Rarefaction.
If compressions are high pressure
particles they become our “peaks” and
rarefactions, the low pressure particles
our “troughs”.
So sound waves are pressure waves!

Frequency and Pitch
So what is frequency? Consider the frequency of buses
visiting a bus stop.
We would simply count the number of buses visiting the
stop (5) in a set time period, say 1 hour. We would then
say the frequency of buses visiting the stop was 5 per
hour.
So how does this work with sound?
Well we would simply replace counting buses with
counting wavelengths!
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Frequency and Pitch
Now remember that we can measure a wavelength from a variety of places.

Peak to Peak!

X intercept
to
X intercept
(Upwards)

Trough to Trough!
X intercept
to
X intercept
(Downwards)

Frequency and Pitch
Here are a range of sound waves with the number of wavelengths shown.
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The number of wavelengths can then be
used to calculate the frequency.
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Frequency and Pitch
The frequency, f, of a wave is the number of waves passing a point in a certain
time. We normally use a time of one second, so this gives frequency the unit hertz
(Hz), since one hertz is equal to one wave per second.
Therefore: Frequency = Number of waves / time in seconds
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Time = 1s

Frequency = 2 (wavelengths) / 1 seconds = 2 Hz

Time = 8 s

Frequency = 4 (wavelengths) / 8 seconds = 0.5 Hz

Time = 2 s

Frequency = 8 (wavelengths) / 2 seconds = 4 Hz
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Frequency and Pitch
Ok so we can now calculate the frequency of the sound waves but what effect will
the frequency have on how we hear the sound?

Low pitch (deep) sound

Squeak

High pitch sound

Hearing Ranges
We now know that sounds come in different frequencies or pitches. Humans can
hear a wide range of frequencies ranging from a deep 20 Hz to the sky high
20,000 Hz or 20 kHz!
<20 Hz
Infrasound
Sound waves with frequencies
too low for humans to hear are
called infrasound.
We track seismic activity such
as earthquakes using sensors
built to hear infrasound (sound
waves below 20Hz!)

>20,000 Hz (20 kHz)
Ultrasound
Sound waves with frequencies
too high to be heard by humans
are called ultrasound.
We use ultrasound to take
images of foetuses in the womb
(sound waves above 20 kHz!)

FREQUENCY

Hearing Ranges
Animals, such as humans, have learnt to use sound waves to both react to the
environment around them and to communicate with each other. But we are not all
restricted to the same range of frequencies. Some animals can hear a wide range
of frequencies such as the Bottlenose
Dolphin, while others have a far smaller
range such as the Elephant.
It is difficult to compare the frequencies that
animals can hear
using a table like
this, instead we
tend to use a
graph.

Hearing Ranges
In this graph we can see filled
in black the frequencies that
these species can hear.
Which of these species can
hear the largest range of
frequencies?

To answer this question we need to look at the length of the lines drawn. The
species with the longest line on this graph is the Whales and Dolphins.

Hearing Ranges
Which species can hear the
highest frequency sounds;
Birds or Frogs?
The bird line (blue) finishes
further up the frequency
scale at around 10 kHz, while
frogs (red) finish at around 3
kHz. So birds can hear higher
frequencies than frogs.

Hearing Ranges
Which species can hear
sounds with frequencies less
than 0.5 kHz?
Here we are looking for all
species with lines that begin
before the red line at 0.5 kHz
So Whales and Dolphins,
Seals and Sea Lions, Fish,
Crickets and Grasshoppers
can all hear sound
frequencies below 0.5 kHz

Sounds in Solids, Liquids and Gases
We now know that sound waves travel by particles banging into each other.

In Solids the particles are
packed tightly with fixed
bonds holding them together.

In Liquids the particles are
packed together but can move
around easily.

This means it is easy for the
sound waves to pass the
vibration from one particle to
another.

This means although it is harder
than solids for the sound waves to
pass vibrations from one particle
to another in liquids, it is far easier
than for gases!.

In Gases the particles are
spread out.
This means it is really difficult
for sound waves to pass the
vibration through gases as
the particles rarely collide!

Sounds in Solids, Liquids and Gases
Whale songs can be heard from thousands of
miles away. How is this possible?
With the closely packed particles in water
allowing the sound wave to pass easier; the
sound waves have the energy to travel a lot
further than they can in gases like air.
Not only can they travel further but they also travel a
lot quicker!

Substance Speed of sound
Air

You can see from the table that this speed increase
Water
is even greater with solids. With their fixed
Steel
arrangement of particles aiding the sound wave even

343 m/s
1493 m/s
5130 m/s

Sounds in a Vacuum

Vacuum

What about sound in a vacuum?
Well in a vacuum there are no particles…
Without particles to pass on the vibration sound waves
cannot travel!

Space

IN SPACE… NO-ONE CAN HEAR YOU SCREAM!
Space is a vacuum so there are no particles for
sound to vibrate. Therefore there is no sound in
space!

Echos
When sound waves hit objects some of the energy of the sound waves is
absorbed by the object. Some of the energy however is reflected.

These reflected sound waves cause an echo.

Echos
Some surfaces are better at making echos than others.

Hard flat surfaces are best for making echos as they reflect sound waves without
absorbing much of the energy and reflecting what is left in an organised way.
Soft uneven surfaces like sofas, curtains and cushions absorb sound waves and
what little is reflected is sent off in random directions and no echo is formed.

Ultrasound
Ultrasound as we have already discussed is
sound waves that have a frequency above our
ability to hear (above 20 kHz).
One species has managed to master a
combination of these incredibly high pitched
sound waves and echoes to become an
amazing aerial predator in the darkest of caves.
Bats use very high pitched squeaks and listen
carefully for the echo. Using this they can locate
their prey without seeing it.

Ultrasound
Humans have also taken advantage of the
frequencies we call ultrasound. Using a
combination of a loudspeaker, microphone and
a computer we can see into the wombs of
pregnant women.

Ultrasound
An ultrasound scan is created by sending a
series of ultrasound (very high frequency)
sound waves through a specialised speaker.
The sound waves can travel through the liquid
parts of your body easily without causing any
damage and reflect off harder objects such as
the foetus to form ultrasound echos.
The computer picks these ultrasound echos up
using a specialised microphone. By measuring
accurately the time taken for these echos to
return the computer is able to build an image.

Loudspeakers and microphones
Not long after the adoption of electricity
we discovered a way of getting electricity
to create sounds.
The loudspeaker was born. This clever
box of electrical components
revolutionised our ability to make sound.
But how does it work?

Loudspeakers and microphones
A loudspeaker relies on an electromagnet.
The electromagnet is made from an iron
(yellow) core wrapped in coils of wire
(orange).
The electromagnet is very useful as it is
only a magnet when a current flows.
When the electromagnet is on the coil is
repelled from the permanent magnet.
When the electromagnet is off the iron core
is attracted to the permanent magnet.

Loudspeakers and microphones
A large cone is attached to the iron core.
By turning the electromagnet on and off
very quickly the iron core and cone bounce
backwards and forwards.
These movements create the compression
waves we call sound waves.
So, loudspeakers effectively transfer
electrical energy into sound energy.

Loudspeakers and microphones
Microphones work like loudspeakers in reverse.
The key to microphones is Electromagnetic induction.

It states:
If you move a magnet inside a coil of wire a current will flow in that wire.
The greater the number of coils the greater the current.

Loudspeakers and microphones
Microphones have a thin skin like
material called the diaphragm.
When sound waves hit this
diaphragm it starts to vibrate.
The diaphragm is attached to a
magnet that can slide through a coil
of wire.
When the diaphragm vibrates the
magnet moves inside the coil and this
creates a electrical signal in the wire.

Loudspeakers and microphones

The signal coming from
the microphone is very
weak.
This is where an amplifier
comes in. It increases the
amplitude (strength) of the
electrical signal.

Microphones take
in sound energy
and transfer it into
electrical energy.

Sound
energy

Electrical
energy

Heat
energy

Loudspeakers take
the amplified
electrical energy
and transfer this
into sound energy.
Electrical
energy

Sound
energy

Heat
energy

How hearing works
So how do we hear the sounds coming
out of our headphones, tvs and each
others mouths?
To take advantage of these sound
waves humans (and many others!)
have evolved an ear which is able to
convert sound waves into an electrical
signal which can be sent to the brain.
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Auditory
Nerve

Ear bones
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An object makes a sound and the sound waves
travel away from the object.
The Pinna (outer ear) focuses the sound waves
that hit it down the Ear Canal.
The sound waves hit the Eardrum which begins
to vibrate.
The Ear bones sit behind the eardrum and
amplify or make the vibrations stronger.
The ear bones are attached to the Cochlea, as
the ear bones move they make a fluid inside of
the cochlea move.
There are hairs inside the cochlea. The fluid
moving around moves the hairs which are
attached to the Auditory Nerve.
The auditory nerve converts the movement of the
fluid into electrical signals which are sent to the
brain to be decoded.

Ear protection
We have talked a lot about frequency and its
effects on pitch but we haven’t discussed the
amplitude of sound waves much.
Put simply the amplitude of a sound wave is
its volume.
The larger the amplitude the louder the sound.
The smaller the amplitude the more quiet the
sound.

Ear protection
The volume of sound is measured in decibels (dB)

(15 dB) Pin
falling

(40 dB) refrigerator
humming

(65 dB)
Conversational
speech

(80 dB)
Vacuum
cleaner

(105 dB)
Rock
Concert

(140 dB)
Jet
takeoff

Sounds with a volume below 10 dB cannot be heard by humans.

(160 dB)
Shotgun

Ear protection
How loud is too loud?
Well that depends on how long you
expose your eardrums to the sound.
This table shows the minimum
exposure time for a range of different
volumes.
If you listen to a loud sound for too
long you can severely damage or
even lose your hearing permanently.

Ear protection
Jobs that involve exposing yourself
to loud noises will require you to
wear ear protection.
These reduce the amplitude
(volume) of the sounds by absorbing
some of the energy from the sound
wave which will protect your ears
from damage.
This is a form of sound insulation

Sound insulation
There are two methods of insulating against sound.
Absorption

Reflection

The idea here is to take the energy
out of sound waves. The best way
of doing this is air pockets.
Pockets of air in bubble wrap or
foam for example absorb the
energy of sound waves reducing
their amplitude (volume)

Anechoic chambers
soundproof (insulate against
sound) by reflecting sound
waves away from the room.
They have absolutely no
echos!

