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Abstract Vith the aim of 3-D understanding of the French horn player’ s upper
lip motion, its slow-motion picture was taken by the stroboscope from the frantal
and side directions using a natural horn equipped with a transparent mouthpiece

A frame-by-frame analysis was then applied to the visualized results after setting
up the coordinate system. The lip opening motion is obtained by tracing the tip

A didtinct wave, which is superimposed on the opening motion, is generated on the
upper lip surface. Its propagation path and velocity are estimated by analysing

a bright spot (corresponding to the wave crest) appearing on the frame. When an
advanced player plays a F; tone (87.3 Hz), the wave starts at the edge point cross-
ing the mouthpiece rim, moves towards the lip center, then turns upwards, reflects
at the rim, and returns to the edge point. The upper lip moves outwards during the
horizontal propagation from the edge to the center. For higher-mode tones F; and F,
vertical propagation is dominant. The propagation velocity ranges between 1 to 4
m/s and is estimated as about 1.8 m/s if the effects of lip tension and blowing
pressure are ignored. Moreover, assuming the surface-wave type propagation, the
shear modulus of the lip is estimated as about 4x10° N/m%. Also, a one-mass-three-
spring model is proposed to reproduce the lip wave propagation and opening motion
key words brass instruments, lip wave, 1lip opening, surface wave, shear modulus
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Fig. 1. Sequential pictures from stroboscopic side viewing of the lip motion
(player A; F; tone in forte). 1 period = 45 frames. O: lip tip; X : wave crest.
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Fig. 2. 2-D trajectory of the wave crest
propagating on the upper lip surface (F,
tone). (a) advanced player A, (b) advanced
player B, (c¢) medium player C, (d) medium
player D, and (e) beginning player E.
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Fig. 3. An example of how to calculate the wave velocity propagating on the lip
surface (player A; F, tone in forte). (a): 2-D lip opening obtained from frontal
view analysis; (b): 2-D trajectory of the lip wave from side view analysis.
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Fig. 4. Rough sketch of wave-propagation path on the upper lip. (a): player A,
tone F,; (b): B, Fz; (c): A, Fs;. Note that the lip opening motion is superposed
on this wave motion to make up the overall motion observed.
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Fig. 5. A conceptual model to reproduce the lip-wave propagation. (a): one-mass-
three-spring model for F:; (b): one-mass-two-spring model for Fj.
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