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17. ADI dge

The o6didgeri dood I's a si mp!
traditionally made by the Australian aborigines from a
hollowed -out log. It is, however, a remarkable
Instrument because of the wide variety of timbres that
It produces. Investigate the nature of the sounds that
can be produced and how they are formed.



didgeridoo

Vocal folds

Air from

i Iunis

i nstrument s 1 nt
by termites;

Whatlisaresponsible for

iInteresting)and remarkable

~ sometimes irregular shape of the soundiof didigeridodoo ?
pipe (twisted, conical);

- beeswax mouthpiece



What Is responsible for the sound of
did geridoo ?

sound waves
modified by the

motion of pl a
tongue and cheeks 1

instrument .. FL.. sounding mechanism
._L sound waves . —
1st case: smooth created with lip valve i vibration
interior, straight didj pl ayer 6s| volcal analysis
“ folds and throat

2nd case: smooth
interior, widened did]
and shape of a
' resonant cavity
(throat) by cheeks
and tongue

Changing the volume

3nd case: rough
interior




,@_ What Is responsible for the sound of
- did geridoo ?

sound waves
amplified by the
instrument

1st case: smooth
interior, straight didj




Didgeridoo 1 pipe of an opened or closed end ?

We can suppose, that didgeridoo is a tube closed on one end by lips T In that
case standing wave will appear when we raise oscillations of frequencies

defined by the equation: 2n+1)c
¢ = (2n*D) (n 9©,1,2,3..)
4(L+ D)
After deeper analysis, we can say, that it is not completely sealed by mouth T
other harmonic frequencies (of course they will be weaker resonated) will

appear 1 they are defined by equation: nc
f,, = (n 4,2,3..)
Z 2(L+ D
. L 8a _
c T sound velocity in air, Dl :-3— - entry correction
10,

Liresonator,60s | engt Hai piperadius)




[Hz] graph

[dB] vs. Frequency
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PCV pipes - experiments

Fundamental frequency:

17 {0.031 kHz
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Spectral view of sound

Irregular areas=>
effects of play
(changes of cheeks
shape, position of
tongue etc.)

Horizontal lines => (x axisi time [s],y axis I freq. [Hz])
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Structure of sound
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Frequency characteristic




Theoretical

Frequency [Hz]

500
450
400
350
300
250
200
150
100
50
0]

and experimental

harmonic frequencies

0]

Base

1st har.

2nd har.

3d har. 4% har.




Dldgerldoo - experiments
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ogarithmic scale
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,@_ What Is responsible for the sound of
= didjeridu?

sound waves
amplified by the
instrument

2nd case: smooth
Interior, widened didj




a T enlargement coefficient,
X T distance from the beginning.

b 1 determines the radius of the
Instrument.

b1 coefficient equal 0,6 for a <0,8
and 0,7 for a > 0,8.




mDi dgeri doo vs Be

f=_ ©C
4(L+ D

q2n 1) b 4 alpg (0 0,523..

In case of typical widening
Bessel 0s equat.i
simpler:
nc
2(L+ D)

/

for a =1: f O

This theoretical model is working
also for not widening didgeridoo:

_(2n+1)c
AL+ D

for a =0:




,@_ What Is responsible for the sound of
= didjeridu?

sound waves
amplified by the
instrument

3rd case: rough
interior
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Rough interior T Termites problem

The chamfexed
Interior I1s roug\.
There are even soyhe
1,5 cm posts
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,@_ What Is respo

nsible for the sound of

didjeridu?

motion of
tongue and cheeks
sounding mechanism

pl &
.

i

lip valve 1 vibration
analysis

Changing the volume
and shape of a
resonant cavity

(throat) by cheeks
and tongue




Air rushes

upper lip out i
pressure in
mouth is
‘ lowered
f ’ ‘\_ - Ill
Air in mouth Lips open by Tension in Lips are
at pressure swinging lips push tem shut
above forward, shut pressure
atmospheric pushed by bulids up in
Because, the lig___P™eSSUr€  ps at a, a, i detel___MoUN  mplitude

very nearly its resonance frequency
the motion of the player's lips is
nearly sinusoidal:

X=g +asi0p f
- 2
U=9gx(p, -p

Referring to: The Didjeridu, Nev

pol steady blowing pressure

pi pressure inside the instrument
X T the lip opening.

f T frequency of the oscillations.

UT volume flow though the lip valve

llle Fletcher, Acoustics Australia, Vol 24
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Sounding mechanism

MOUTH

/

blocked off by the
closed lips

4

forms a Helmholtz resonator consisting of
a closed volume vented by the lip opening

] Mouth cavity

The resonance frequency of this resonator can
be estimated by whistle frequency analysis
(the whistle frequency is the resonance
frequency of the Helmholtz resonator).

h 4

Achieved range 1 differs from
about 500 Hz to about 3 kHz

(because of changing the mouth volume
with the tongue and cheeks)




What Is responsible for the sound of
did geridoo ?

sound waves
modified by the

motion of pl a
tongue and cheeks 1

instrument .. FL.. sounding mechanism
._L sound waves . —
1st case: smooth created with lip valve i vibration
interior, straight didj pl ayer 6s| volcal analysis
“ folds and throat

2nd case: smooth
interior, widened did]
and shape of a
' resonant cavity
(throat) by cheeks
and tongue

Changing the volume

3nd case: rough
interior







Conclusions

AThe best assumption is to tre
horn type of resonator

A A big variety of sounds produced is caused by composition
of resonating properties of didjeridu and mouth , cavity and
vocal folds usage.

The didjeriduds so.:
A Length of the instrument ;

A Thickness of the instrument;

A Its interior roughness:;

A Shape

A medium properties;
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Audio Analyzer 2000
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Antinode of
pressure

Node of
pressure

| T wavelength,
fi resonance frequency
v T sound velocity




Overall explanation of frequency characteristic

Fundamental frequency:

T\0445 kHz
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And now, the frequency analysis is understandable for us




m PCV pipe 1 experimental results

Theoretical values
calculated from equation:

_ (2n+1)c

n S8a
4L+ —
(L+3)

f

(n 9,1,2,3...

Harmonic components

Base

1st harmonic
2nd harmonic
3rd harmonic

4th harmonic

Measured value of

frequency

54 Hz

148 Hz
255 Hz
340 Hz
435 Hz

1

2.9
5.1
6.8
8.7

Theoretical value of
frequency

499 Hz

143,7 Hz
239,5 Hz
335,2 Hz
431,2 Hz

© J 01T W -




Waveform analysis
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Waveform analysis

..u|||l|||||||l|||||Il||||m.

Wi A

...... il L

-6

Amplitude [dB] vstime [s] graph for PCV pipe norm
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Wavedorm analysis
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(x axisi time [s],y axis I freq. [Hz])




