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An Introduction"to'Computer Music

From Sound Waves and the
Hearing Mechanism to
_. Mu5|cal Instruments
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‘*Part A : Pm |caI Droperties of Sound Waves

: j:.c :

2 PIipe _55“ he Ear, the Listening Apparatus
e 1 Ps! choacoustlcs

i—0;l9'art C : Musical Scales, Properties of Music and
- Musical Instruments



Fakit B: The Ear, the Llstgnﬁt_j-t—
Apparatus a1’fH=Psychoacoust|cs
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SREQr: a transducer that converts the pressure of
Spund waves to electrical pulses. Therefore,

/e janical Energy is transformed to its EIectrlcaI
€ uwalent
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,,-,.:»f;-' = The ear comprises of three main parts:

= a. the External Ear or Outer Ear
| b. the Middle Ear

c. the Internal Ear
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The Human Ear

‘outer ear!{ middle ea;};- ‘;inner ear |
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- 4. The outer ear

ol - ' —
SRliSHeNNcharacteristic is the auricle (pinna)WRICHT s
gssembles the acousticrenergy.

nead Is named external auditory meatus. Its
dimensions, 25 mm in length and 7mm in diameter, are
crucial for the range of sounds we hear.

e At the end of the canal we find the tympanic
membrane, the eardrum, which is cone shaped, and not
flat, separating the outer ear from the middle ear. 9
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J Colle -coded vVibration amplitude of the tympanic membrane
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.. from low to high frequencies
( ; minimum,  : maximum vibration)
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of the body and the ear and their contrlbutlon to.
dring transfer function
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Sum total

Head roundness
Trunk and neck
Concha

Auricle pinna

External auditory canal and tympanic membrane
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b, The Middle Ear

nall’cavity inside,the bones of; Our‘head within the
ipanic cavity, followingithe eardrum.

Malleus

incus (anvil) and stapes (stirrup) transmit
the acoustic energy gathered at the outer
side of the eardrum to the inner ear fluids.
Two membrane like intratympanic muscles,
A N the stapedius and tensor tympani
Stabilizing ligaments —— {SS8 rotlect the inner ear from excessive sound
\ evels
Oval At the lower part is located the
eustachian tube, a 35mm tube, aiming to
= , NN counterbalance the pressure of air coming
Tympanic membrane LE  from the outer ear on the eardrum with
that of nasal air passages.

Three small bones, the malleus éhammer),

External acoustic meatus ¥ ' W window

Auditory
tube

Tympanic cavity
(middle ear)
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2000 Hz
100 Hz

4000 Hz

... and Pressure Equalization, as the vibration is forwarded
towards the aural nerve
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i CLIONS Of middlesear mMUsclesimanage to transter
mplification the vibration to the inner ear!

Without these fast moving ossicles, there would be no
adeqguate way to lever aural action to the next stage.
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S¢. The Inner Ear

’ b — .
gRcaVity wWithin the temporal bone of ourtscull.

HEXEeE 1) literallyasnailishell s a spiral tube with
ERGIICUIMVOIUTIONS

WENGEINING there Various sensors that inform the
Drzlir) :1‘r‘e the position of the head

,JnJ tiEState of

et |um for our body!

—
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iENncomiIng vibrationtis inserted to tne vestibular
duct by, the by stirrup, which mechanically: transmits

SEINLFENETGOWIUS e dCOUSTIC RERVE:

Vestibular duct
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hhe vibrations'travel'in various patterns through the cochlea »flui'd‘-'-
Penilymph and endolymph) and trigger the receptors (haifci ‘of;
thelorganiof Corti. "'

, - -
Eromithere, the vibratiGﬂ‘mﬂ:;ans.mitted to auditory nerve fibers r
ferve s cerebrallcortex, where they are interpreteds






http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2302/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2658/
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51.S0 OJectlver monltored magnltudes of physical
PHERGMERE N IKENAERSIY anaNHEGUERCY O SOURd
WaVES, are perceived by our brain as loudness and

Low
frequencies

frequencies

High
frequencies
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the Iohes ol the brain, INVelves

PR OWEVELS e Process OffMEang WhICh IS IntEdgrated at Its =
J G S
SIEGUOIFIEL]OJICTIEIAS; CHEMICAITIEIAS, PIEZOEIECTrIC TIEIdS, TO




——

Dynamics . of the?soggg_lggﬁ‘rcev—

» Sr]ﬁnww nts te,provide; a duantitative explanation; for:
Widels wg \WereasiV detect two thresholds:
AWGHE ! Wer I|m|t Or threshold off hearing, which

EPHES! _,: S the intensity of a sound barely audible;

SPUE! Upper limit or limit of pain which represents
e rgy flow causing pain. Prolonged exposure to such
= Gu‘nds leads to the destruction of the hearing apparatus

,-""; - ""

S

=" These limits may differ more or less from one subject to
another.
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Pbjective and Subjectl_v_e_g,e,me nts..
' of!!;ound
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SNIltensity of a sound wave: it is the sound energy transmitted
PETRONIL of time in a specified direction: through a unit area normal
LeRLIsidirection at that point.

> rwrarn e intensity is measured in Watt/m2. Experiments have
ERGWA that for a tone of a 1000 Hz the average threshold intensity:
lw—;- ‘about 10712 Watt/m2 whereas the limit of pain is near 1
Satt/mz2 | This represents a ratio of intensities of one trillionth to
0] e “a really impressive dynamic range.

0"_-As a result, a more hand unit has been devised to denote how
’_””: - humans perceive the “volume control” of sounds: the decibel.

= ® The number of decibels for a sound of intensity I, is given by the
follewing formula

number of decibels (dB) = 10 log,,(I,/1,)

which would yield for I, = 1 Watt/m? and I; = 1012 Watt/m?
a mere 120 dB!
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pUmberefidecibels we get for a hearing toneantarSPECIfiCREE
jfieguency gives the intensity level (IL)

XPEnments have been performed to establish the curves of equal
L)N' HESS thaldenote NOWIOUINEANNGESPONGS t0)acouSstic Signals

V5iGal' magnitude, produce psychological
Jot driggs lavals, 3 subjective magnitude determining how humans
,) »elve IRfVarious frequencies how: loud a sound Is!

---
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