An introduction to music acoustics

Overview How instruments work

Excitors Bows, reeds, lips and air jets
Resonators Strings, bores, bells, keys

Timbre Harmonics and transients

Meet them Strings, wind, brass, voice? percussion?

Our research  Can this understanding help players and makers?

* Other team members whose work will be described include Andrew Botros, Paul Dickens, Ra
Inta, John Smith and John Tann — and many others if we start talking about the research! We
gratefully acknowledge the support of Terry McGee Flutes, The Woodwind Group, Gilet Guitars,
Harry Vatiliotis and the Australian Research Council. Thanks to musicians, especially Jane Cavan:



A physicist looks at instruments:

Component Strings Woodwinds Comments
player's player's S
Energy Source arms breath Inefficient
_ _ reed or — harmonic behaviour
control oscillator bow-string  ajr jet (nonlinea)

. _ — precise tunin
resonator(s) string air column* h?ghQ(inear) °

match source
to sound in air body (bell) (near)

* Resonatas:
bore of instrument reed/air jet  player's vocal tract



Here end the planned slides. For the rest of the session, we shall use demonstrations and
discussion. Where appropriate, we'll use graphics, animations and sounds from
www.phys.unsw.edu.au/music

The topics are listed below in a reasonably logical order of presentation, but the actual order anc
the depth on each section will depend on the participants.

Stl’l n g S.ia href="http://www.phys.unsw.edu.au/~jw/strings.html">www.phys.unsw.edu.au/~jw/strings.html</a>
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B OWS <a href="http://www.phys.unsw.edu.au/~jw/Bows.html">www.phys.unsw.edu.au/~jw/Bows.html</a>
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Winds

A reed can close or open the air passage

Rate of
air flow
In
steady
state

higher pressure
forces the
reed
shut

reed open: flow
proportional to
pressure difference

e
Mouth pressure- mouthpiece pressure



Flute is an open pipe, control oscillator is an air jet

air jet from
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Let's compare the standing waves with those of a string
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Acoustic iImpedance:

sound pressure p . voltagd
Z(f) = "soundflow “—u rcompare with electricitymgﬁﬂ

MeasureZ(f) for a simple, open cylinder, 600 mm long:
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clarinets closed at reed, operate at maxima in Z
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flutes open at embouchure, so they operamei@ma in Z.
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air in mouth
- at pressure

above

atmospheric

upper

lip

lower

lip

@

pushed by
the pressure,
lips open by
swinging
forward

®

pulls them shut pressure builds

air rushes out up in the mouth

between lips:
this lowers

the pressure
in the mouth

JWolfe, UNSW




Modern brass instrument
valves or slide go here
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VO I Ce <a href="http://www.phys.unsw.edu.apeect>www.phys.unsw.edu.aspeeck/a>
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microphone N microphone N

V V
AD Card AD Card
Computer Computer

* horn * horn
AD Card AD Card
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loudspeakers loudspeakers

www.phys.unsw.edu.au/music




