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PHONATION

The Source-Filter Theory of Vowel Production
i) gual) Ly il jaaall 4y lad

A widely accepted theory
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States that vocal folds are the sound source

States that the vocal tract is filter (raw sound is
shaped by the configuration and shape of the
articulators (tongue, mandible, lips, etc.)
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 The oral, nasal, and pharyngeal cavities are a series of linked tubes






e Two kinds of sustained motion: /a:/ /s/.
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1- /a:/ a periodic sustained sound .
dadatia 3 pats ) gual

2- /s/ aperiodic sustained sound.
dadatia e 3 paiiee Ol gual
* Periodicity: repetition.
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* Crest:>condensation.
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* Trough >rarefaction:
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* an areain a wave between compressions where the conducting
medium is reduced in pressure
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* Repetition in periodic waves is defined in terms of :
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1-Rate of repetition .
2- Amount of movement (distance) amplitude .



Simple harmonic motion

Cycle
»A waveform is a plot

of change in amplitude = +/\

of diskyplacement over =

time 80
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»>The display is called the time-domain waveform, or waveform
> Lia ) Alias da g0

> Air does not actually undergo this form of excursion: the waveform is
a representation
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Simple Harmonic Motion

* Function : basic building block of sound (pure tone)
o Ogeall Gl dad a ddlall dal)

* A sound wave which repeats itself exactly over time.
o o)l e bl leuds ad da 5o A

* Low frequency go farther.
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One cycle equals how

many degrees? T

M 360° 90° 95 s
i 360 = AL A sall

180° 0° (360°)
90 s 0s(1s)

270°, 75s
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DIMENSIONS OF THE SINE WAVE

* Five dimensions of sine waves
o LK) A gall alad

¢ Amplitude
P |

¢ Frequency
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¢ Period
By sl 48 jaiud (gAll )
¢ Phase
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¢ Wavelength
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Amplitude
YPI|
* The amount of pressure in a wave
o dasall L& Jarall i
* Intensity: a measure of electrical energy
¢ Ao sall (b Al el ALY i (a5 50l oLl
* measured in watts
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* Loudness: we do not measure, we perceive
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Amplitude
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c. Peak-to-Peak  Amplitude
d. Root-Mean- Square Amplitude (rms)
dallaal) 4l
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Compute standard deviation,
o}
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rms is standard deviation of
all instantaneous amplitudes
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rms: the square root (r) of
the mean (m) of the squared
(s) deviations of

instantaneous values

Instantaneous Sound

Pressure in Pa




Frequency (f)
23 yill

¢ The rate, in Hz, at which a sinusoid repeats itself
(number of cycles per second)
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Period (T)
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¢ The time required to complete one cycle
Baa) 5853 aladY o glladll 8 )

e f=1/T, T=1/f

o duse 4B

e rt period has a high frequency.
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Relation Between Frequency

and Period
C gl g 23 5l A8
e TofX=.001s: M=
M f = 1000 Hz
e TofY=.0005s;: f=7
M f = 2000 Hz

Amplitude
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.0005 .001 0015 .002
Time (s)



Units of Measure For Frequency and

Period
* Frequency (f)

¢ Hz to kHz: Divide by 1,000 avéi ¥ ya &1 3y (e
1000 A=

¢ kHz to Hz: Multiply by 1,000 3 »ed 3 LS
1000 2 « =i

* Period (T)

¢ s to ms: Multiply by 1,000
et Al 25

¢ ms to s: Divide by 1,000
e f=1/T and T=1/f




Determinants of Frequency
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* Frequency depends on properties of the source
of sound

e Ugpall jdas Gilaw

e Spring-mass system: mass (m) and stiffness (s)
of system
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Natural Frequency (f, ..)
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* The frequency with which a system oscillates
freely (f¢)
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* If you sum two sine waves with the same frequency
and amplitude over time =2 the amplitude is increased
(but not the frequency!)

* If the two sine waves are cosines (opposites) the
cancel each other = 0 because molecules cannot
execute two exact motions at the same time—> OUT OF
PHASE
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Phase
(aaall
* Phase: the relationship of sine waves together in terms
of how their degrees of arch (crests and troughs) match
up.
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* That means that sometimes acoustic energy cancels
itself
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Phase

90
¢ Four reference B
points: A, B, C,
& D X
180%C
L) cple
D
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0 90 180 270 36
(6 for wave A)

0 5 1
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Phase

¢ At moment rotation
begins, what is
displacement in
degrees for each of
four points?

¢ L)l e
VMIA= 0
vIB= 90
vI C=180
VI D =270

180¢C

|
0 90 180 270 36
(6 for wave A)

0 5 1
(tin ms)
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Starting Phase
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* That defines the
starting phase is the
angle, in degrees, at
the moment rotation
begins
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180¢C
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0 90 180 270 36
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(tin ms)




Starting Phase

 Starting phase relations
¢ Bleads (33 A by?
M 900
¢ Cleads B by? -
M 90° 7
¢ Cleads A by?
v] 180°
¢ DleadsB by?
v] 180°
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Instantaneous Phase

 What are phase angles at t

=.5ms?
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M A =180°
M B =270° ¢t
M C =0°, 360° 2[;00 SN\
0 90 180 270 36
M D =90° (6 for wave A)

0 5 1
(tin ms)



Wavelength(A)
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* Two quantities are measured with respect to time

¢ Frequency (f)
23 il

¢ Speed of sound (s)
O gall 4oy



* Wavelength (A) relates
frequency and speed of

Sound 0.3 rrl?\_ltgrs 4% met:g.ai
e A =distance traveled during | |
one period /\
o A3 lia da sall Linkad il dslial) f= 1100
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A=s/f RERNNAEND ||||||||
0 4590135180 O : : 1.35 1.80
* What are the proportional o0 Mgy 4 2.4 meters :
relations of A with s and f?
M A oc s (proportional) /\

f = 550
M A oc 1/f (inverse) \/ \/

L 1 11 I N N Y O
0 4590135180 O 45 90 135 1.80

Time in ms
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Air \Water

0.3 meters 1.2 meters |
* Examples
¢ Inair: f=1100 Hz, s= /\
340m/s; A =7? Ty 1100 \/ \/
MA=340/1100=.3 m
¢ |In air: f =550 Hz, S = 0 45.901351.80 O | .4I | 9|o |1!3,5|1!30
340 m/s; 7\‘ _ ? =0.6 metersl : 2.4 meters :

M2A=340/550=.6m

NG/
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0 4590135180 0 45 90 135 1.80

Time in ms




Air Water

0.3 meters l‘I.2 meters |

¢ In water: f=1100 Hgz, /\
s=1360 m/S,k=? f=1100%
7). - 1360/1100 = 1.2 VARV

m Liitiill I I I N I

0 4590135180 O 45 90 1.35 1.80
0.6 meters . 2.4 meters

¢ In water: f = 550 Hz, = I

s=1360m/s; A =7

MX=1360/550=2.4m '=°% \/ \/

I I I I I
0 4590135180 O 45 90 1.35 1.80

Time in ms




DAMPING

* Oscillating systems encounter opposition to
motion: friction, or frictional resistance
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* Friction limits velocity
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* Friction limits velocity
e de yull
 Amplitude of vibration diminishes over time
o dadl Jaaial
* Vibrations are damped

e As velocity increases, kinetic energy is transformed to
thermal energy: system is damped
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Magnitude of Damping
Slaaa) aaa
¢ Panel A: lossless system
Ay ool aca
¢ Panel B: low-damped system
SNaal) Jal8 A
¢ Panel C: high-damped system
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Examples of Damped Systems
* Shock absorbers (nearly critically damped)
 What would happen if they were nearly undamped?

V] Excessive oscillation



ACOUSTIC IMPEDANCE
7 43 glaall

e System engages in SHM: it vibrates freely at its
natural frequency (f,,,)

* Forces exist that oppose, or impede, motion:
Impedance (Z)




Total iImpedance has two components:

¢ resistance R
da glaall
¢ reactance X
Jelatl]
>> Mmass reactance X
ALl a0 Jeladll _
>> compliant reactance X.
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Resistance (R)
da gladll

* Friction, or frictional resistance, occurs: kinetic energy is transformed
to thermal energy

e s Al )
* Resistance measured in ohms (€2)

* Resistance is independent of frequency!
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Reactance (X)

Jelaill

* Forces that oppose motion in a frequency selective way:
frequency dependent

-mgﬂ\gjsm,j

 With R, energy is dissipated

 With X, energy is stored
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Two Components of Impedance
43 glaall U Sa

* 1. Energy-dissipating: What is it?

o dallal) aays

M Resistance (R), whichis =~
independent of frequency 4« slaall

e 2. Energy-storage: What is it?
o ddllall o a5

M Reactance (X), which is
dependent on frequencyde il

* Impedance: Complex sum of R & X



Reactance

e Reactance depends on mass and compliance of
the system

o 5 Jigal) slea¥) &g ye o Jelal) adiay

* Both mass and compliance oppose, or impede,
motion

¢ But in opposite ways



Two Components of X:
X, and X.

* When one reactance component stores energy, the other gives up
energy

o Lagiany jlialy Loy

* They act in opposition to one another




Mass Reactance: X

. Also measured in ohms (Q2)
is directly proportional to frequency
‘\.&u}j‘ a8a T 2 il e La )l ala

* Negligible at low frequenues
o dxudl 2o ¥ (iaddial) ilaa Al 8 Ly 3 Ll 4@ Y

X
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Compliant Reactance: X.

e Also measured in ohms (€2)

* X.is inversely proportional to frequency
o 22 )| aladsly afa 3

* Large at low frequencies
L s
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Mass Reactance (X ) and Compliant
Reactance (X.)

¢ Impedance is
minimal

¢ Amplitude of
vibration is
largest
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