
Clapping   = _____________________ energy → sound energy

Fireworks = _____________________ energy → sound energy

Radio        = _____________________ energy → sound energy
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Warm-up and Recap: What is sound?

Thinking about sound as energy

Sound energy is a form of movement (kinetic) energy. Sound energy is
caused by vibrations (sound waves) which pass through matter
(gases, liquids or solids). We can hear sound waves using our ears; the
sound waves travel down our ear canal to vibrate our ear drum and
inner ear. Vibrations of small hairs in the inner ear send electrical
signals to our brain, which interprets these signals as sound.

Energy cannot be created or destroyed. Therefore, the energy
in sound is always transformed from another energy source.
For example, when lightning strikes, the electricity in lightning
displaces the air temporarily, then the air rushes back into the
vacuum. As the air rushes back it compresses, making waves
of energy – sound energy. This is an example of electrical
energy moving the air, which creates a sound.

Echoes

Like all waves, sound waves reflect when they hit certain surfaces. The reflection of a sound wave is known as an echo.
The direction of the echo depends on the direction of the sound wave and the shape of the surface that it reflects off. 

Thunder =
electrical energy →

sound energy

Three more examples of sounds are given below – fill in the spaces to show which kind of energy is being
transformed into sound energy.
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The Development of Musical Instruments 

All musical instruments, from the very earliest instruments to modern electrical instruments, make music as a result of vibrations, which cause sound
waves. These vibrations are produced and amplified in a variety of different ways. Technological developments have also changed the sound of many
musical instruments. Listen to the clips of each instrument below, and write down some thoughts on how they sound.

Harpsichord Piano Electronic Keyboard

Lute Guitar Electric Guitar

Invented c.1430 Invented c.1700 Invented c.1940

Invented and developed from c.3100 BCE Invented and developed from c.1550 Invented and developed from c.1930 

How does it sound? How does it sound? How does it sound? 

How does it sound? How does it sound? How does it sound? 
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How do you think technology has changed the sound of keyboard and string instruments?

Do you prefer the electronic or classical versions of the instrument sounds?

You have heard three keyboard instruments, and three string instruments.
Discuss how the sound of the instruments has changed with technology.

Which version of the musical instruments do you prefer, and why?
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Watch the video clip from ‘Hamilton’, which
shows the layout of the theatre stage and
seating, very similar to an amphitheatre.
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Buildings and Music

Performers have been trying to amplify sound for centuries. The earliest examples of purpose-built theatres were from the 6th Century
BCE. These theatres were built from wood and architects soon realized that if the seating was semi-circular, more people would be able
to see and hear the performers. These structures were called amphitheatres. Later, similar semi-circular amphitheatres were
constructed from stone. Not only did the stone seating make the theatre more stable, it also helped to amplify the sound. A whisper on
stage could sometimes be heard from the last row of seating!

Amphitheatres

Watch the video which
demonstrates how sound is
amplified in an amphitheatre.
What are the advantages of
performing in an amphitheatre?
Discuss answers as a group;
you can make notes in the box
to the right.

Musicians play from the orchestra pit below the stage. This stops them from overpowering the performers on stage.
Singers stand on stage and sing out towards the audience. 
Audiences tend to sit quietly to help each other hear the performers. 

The Ancient Greek design of theatres is still being used today. For example, modern theatres use tiered seating and semi-circular
designs to help large audiences see and hear the performers. Other features that are used or applied in modern theatres include:

What are the advantages of performing in an amphitheatre?

Theatres
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Designing music for buildings is not a recent phenomenon. Watch the
video of a chant from the 8th century being sung in a cathedral in Spain.
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Buildings and Music

Concert Halls Concert halls have many features in common with amphitheaters and theatres, but they are designed specifically to assist with the sound
of orchestras and other performers. The walls and ceiling of a concert hall reflect the sounds back into the room. This means that the
sound can bounce and reverberate around the room and reach the listeners from different directions and at different times. This
reverberation enriches the orchestra’s sound and makes the listener feel enveloped in the music.

The materials in the building also help to control the sound. Hard surfaces (e.g. walls and ceilings) help to reflect the sound – the only soft
surface you will find in a concert hall is the seating. On top of this architects also choose whether to have smooth walls (enhancing
reverberation and causing loud echoes) or rough surfaces (dispersing the sound in many directions, with fewer echoes). 

And what kind of music might be best for venues with
rough, bumpy walls? Why

What kind of music do you think might be best for venues with
smooth walls? Why?

Building Acoustics: Old and New

Now watch the video about how a modern, state-of-the-
art concert hall in Germany made use of algorithms to
produce 10,000 different acoustic panels.

Notice how the two buildingstake advantage of the
building design techniques we’ve looked at.
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Buildings and Music

Cinemas

As we’ve seen, spaces such as cathedrals and concert halls have hard
surfaces and wallsto help reflect and amplify the sound. Cinemas are also
spaces where sound plays an important role in the audience’s experience.
However, if you visit a cinema, you will find that they almost always use
soft furnishings for the walls, floors and surroundings (such as fabric wall
coverings or curtains). Hard surfaces such as doors are often positioned
away from the main theatre area and may have a curtain to cover them.

Why do you think cinemas have soft furnishings, unlike concert halls or opera houses?

The differences between the technologies used in buildings such as concert halls or cinemas can be heard in extreme
examples in anechoic chambers and reverberation chambers.

• An anechoic chamber (meaning ‘without echo’) is a room designed to completely absorb all sound waves, therefore
producing no echo: sound does not reverberate. The walls of anechoic chambers are lined with special, soft material
such as foam.
• A reverberation chamber on the other hand is a room designed to reflect and diffuse sound waves, resulting in very
large echoes. The walls of reverberation chambers are made from hard and smooth material. Both types of chamber
are used by scientists to test items such as loudspeakers and microphones.

Anechoic & Reverberation Chambers

Watch the video of a balloon being popped first in a reverberation chamber and then in an anechoic chamber, which illustrates the difference
between the ways sound waves behave in each type of room. 

Think about the room you’re currently in – do you think it more closely resembles an anechoic chamber or a reverberation chamber?

As you move around your school, home, or other indoor spaces over the next few days, try to pay attention to the echoes and reverberation of
sounds. Can you tell what is it about the features of these rooms that makes them ‘echoey’ or not?
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Further Reading
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So, has technology improved music?

Finally, think back to the debate at the end of the last session, when we discussed the question “Has technology improved music?” Thinking
about what you have learned in this session, about the technology of musical instruments and the technology of musical buildings, do you have
any new thoughts on this question? Write down your thoughts in the box below, or discuss with your class. Has technology improved music?

Has technology improved music?

To find out more about the technology of buildings in music, take a look at the following resources:

The UK's five weirdest 
sounding places

A tour of the Sydney 
Opera House

10 buildings with 
extraordinary acoustics

The architecture of 
sound

Article

3D tour 
with music

Article

TED Talk 

https://www.bbc.co.uk/news/magazine-20773690

https://www.youtube.com/watch?v=R-BMF4e-1bg

https://thespaces.com/10-buildings-with-extraordinary-acoustic

https://www.youtube.com/watch?v=_hunddVoMjo
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