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Articulation of /l/

• The articulatory configuration of /l/ involves the number of 
lateral channels, linguo-alveolar contact, and the tongue 
shape.

Linguo-
alveolar 
contact

Lateral 
channel(s)

Supralingual 
cavity

• The acoustic effects of these geometric features are not 
clearly understood. 
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“light”
(light /l/, syllable initial)

“feel”
(dark /l/, syllable final)

/l/ /l/

Acoustics of /l/

• It has been proposed that this weak energy is due to the 
pole-zero pair created by the lateral channels and/or the 
supralingual space (Fant, 1970; Prahler, 1998; Stevens, 1998; Zhang and 

Espy-Wilson, 2004). 

• Usually /l/ has relatively weak energy in the F3-F5 region. 
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Objective of this study

• To further understand the acoustic role of lateral channels 
and linguo-alveolar contact in /l/  production, particularly in 
the source of zeros. 

• One subject producing a light /l/ and a dark /l/ with 
magnetic resonance (MR) images acquired (Tiede et al. 2004).

• Reconstruct the 3D vocal tract geometry and perform finite 
element analysis (FEA or FEM) 

Approach
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The subjects in the UC database
(Tiede, et al., 2004)

The dark 
/L/ (S2)

The light 
/L/ (S2)



6

12 3 4

Midsagittal 
MR slice of 
the dark /l/

Coronal MR slices
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without sublingual space

2  
1 pathway over the 
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Midsagittal 
MR slice of 
the light /l/

1 23 4

1
Two lateral channels

with sublingual space

Coronal MR slices

2  
3 pathways: over the 

tongue & 2 lateral channels

3
Two pathways

4 
One pathway over

the tongueLateral 
channels

Sublingual 
space
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channels
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Linguopalatal 
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3-D vocal tract acoustic analysis
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The 3-D vocal tract reconstruction 
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contacts by side

Supralingual 
space



10

2

2

1
. ( ) 0

o o s

p
p

c
w

r r
Ñ Ñ + =

Finite element analysis of 3-D 
vocal tract

• Helmholtz equation

• Boundary conditions

• Glottis:     Normal velocity as sinusoidal 
signal at different frequency 

• Lips   :     p = 0 (Pressure release)

• Wall   :     Rigid

Glottis

Lips

Harmonic analysis:
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(b) Spectrum 
of sustained
/l/ utterance

Dark /l/ Light /l/

(a) Acoustic 
response from 
3D FEM

4000 Hz 2350 Hz
2950 Hz 4490 Hz
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Wave propagation at different 
frequencies for the dark /l/

At 500 Hz

Axial view (view 
from the top

At 4000 Hz 
(cross mode 
posterior to 
the contact) 

Sagittal view
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At 500 Hz

At 2350 Hz

Wave propagation at different 
frequencies for the light /l/

Sagittal view Axial view (view 
form the top
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At 2950 Hz 
(the zero with 
supralingual 

cavity as a side 
branch)

At 4490 Hz 
(the zero with 

cross mode 
posterior to the 

contact)

Wave propagation at different 
frequencies for the light /l/
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Area function vocal tract model
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Schematics of area function vocal tract 
models

The dark /l/

The light /l/
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Area function extraction of the light /l/: Method 1

Glottis

Lip



18

Area function extraction of the light /l/: Method 2

Glottis

Lip



19

Simple 3-D vocal tract model
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Simple 3D vocal tract model

Symmetrical  
Lateral channels

View from the top

W

Sagittal view OutletInlet
H

L

4cm

Variable 
height h

One  
lateral channel

H: 1.4 cm,  W: 2.8 cm,  L: 18 cm, block width: 1.4 cm,  
block starting location: 5 cm from the outlet
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Simple 3D vocal tract model

View from the top

W

Asymmetrical  
Lateral channels

3340 Hz

3480 Hz

Sagittal view OutletInlet
H

L

4cm

Variable 
height h

H: 1.4 cm,  W: 2.8 cm,  L: 18 cm, block width: 1.4 cm,  
block starting location: 5 cm from the outlet

4630 Hz
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OutletInlet

Pressure isosurfaces for 
asymmetrical channels (h=H)

(a) At 3340 Hz (zero)

OutletInlet (b) At 3480 Hz (pole)



23

2 cm
(5130 Hz)

3 cm
4 cm

5 cm
6 cm

Acoustic responses for asymmetrical 
channels with different lengths (h=H)

(2440 Hz)
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Summary

• The dark /l/ and the light /l/ in our study have similar 
patterns in F1-F3, but differ in the number and locations 
of the zeros.

• For the dark /l/, the zero below 5000  Hz is  produced by 
the cross mode posterior to the linguo-alveolar contact. 

• For the light /l/, the three zeros below 5000 Hz are 
produced by the asymmetrical channels, the 
supralingual cavity as a side branch and the cross mode 
posterior to the  linguo-alveolar contact.
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Summary
• The simple vocal tract models show that, in order to get 

a zero in the region  of F3-F5, the lateral channels have 
to be asymmetrical and about 3-6 cm long. In addition, a 
narrow constriction or a complete closure is also 
required.


