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SOUND IN TUBES (CONTINUED)

Tube with a narrow constriction
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From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.

Figure 3.15 Uniform tube with a narrow constriction, used to approximate area functions for
consonants,
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From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.

Figure 3.16 Relations between natural frequencies and the position of the constriction for the
configuration shown in figure 3.15. The overall length of the tube is 16 cm and the length of the
constriction is 2 cm. The lines sloping up to the right represent the resonances of the front cav-
ity {anterior to the constriction); the lines sloping down to the right represent the resonances of
the back cavity. The solid lines are the resonances if there is no coupling between front and back
cavities. The dashed lines near the point of coincidence of two resonances at Z; = 9.3 am iflus-
trate the shift in the resonant frequencies for the case where there is a small amount of coupling
between front and back cavities. When the area of the constriction is very small, F1 =0 as
shown. When the constriction is larger, F1 increases as shown by the dashed line. The reso-
nances of a 16-cm tube with no constriction are shown by the labeled marks at the right. The
curves are labeled with the appropriate formant numbers.
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Two-tube configuration

"l 2
From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.

Figure 3.13  Two-tube configuration used to illustrate coupling of resanators.
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From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.

Figure 3.14 First two natural frequencies of the two-tube resonator in figure 3.13 as a tunction
of the back-cavity length ¢}, for various area ratios A;/A;. Area ralio A;/A; = O corresponds to
no acoustic coupling between the tubes. The total length ¢y + 73 is fixed at 17 em.

Losses in tubes

viscosity at walls

heat conduction at walls
yielding walls

radiation
effect of flow through tube, especially at a constriction
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RAcousTle losses in Thbes:
foomoent bandwidths

Table 3.1 Calculation of contributions of radistion (B,), vocal tract walls (By), viscosity (Bo),
and heat conduction (By) to the formant bandwidths for two different vocal tract configurations

. Uniform tube, length 15 an, cross-sectional area 3 an?

Formant

frequency B, Be B, B, Total B

(Hz) (Hz) {(Ho) (Hz) Hz) (Hz)
First formant 592 3 8 6 3 20
Second formant 15682 24 1 10 4 39
Third formant 2804 67 0 12 5 84
Fourth formant 3927 131 0 15 6 152

b. Resonator with dimensions in figure 3.28a, with area of opening equal to 0.32 cm’

Formant

frequency B, B, B, B, Total B

(Hz) (Hz) (Hz) (Haz) (H2) {Hz)
First formant 300 0 28 12 2 42
Second formant 1475 0 1 s 3 12
Third formant 2950 0 ] 11 5 16

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.
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From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.
Figure 3.28 Contribution (B,) to bandwidth of the first formant due to losses at the walls of
the vocal tract. The vocal tract is modeled as a Helmholtz resonator with the dimensions shown
in {a), in which the resonant frequency F1is changed by manipulating the cross-sectional area of
the opening. The bandwidth contribution B,, as a function of F1 is shown in (b).
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Exatafion of Tubes by acoushe sources
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From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.
Figure 3.31 (a) Plot of magnitude of transfer function T(f) = U, /1L, expressed in decibels for
an ideal uniform, lossless acoustic tube, shown in figure 3.8, (b) Magnitude of transfer function
T(f) for an ideal uniform tube of length 15 an with losses similar to those occurring in the

vocal tract.
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Side bronches
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Figure 3.42 Five models for which there is a side branch in the acoustic path from source vol-
ume velodty U, to output volume velodity (U, or L, or U, + LL). {a) and (b) Models for nasal
vowels with different degrees of opening of the velopharyngeal port. (¢} A mode] for 3 nasal
consonant, {d) A model for a consonant for which a side branch is formed by the tongue blade.

{e) A model for a configuration in which there are two acoustic paths from source to output over
some portion of the length of the tube.

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.
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